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Abstract 

Compressioni indexi isi ani importanti soili parameteri ini thei designi ofi foundationsi ofi structuresi yeti thei 

Oedometeri testi usedi fori itsi determinationi isi timei consuming,i cumbersomei andi veryi costly.i Thisi 

promptedi ai numberi ofi studiesi toi bei donei toi addressi thei abovei limitationsi byi relatingi Atterbergi limitsi 

toi compressioni index.i However,i determinationi ofi Atterbergi limitsi hasi limitationsi whichi includei 

stress-straini effectsi duringi penetrationi fori thei falli cone,i humani reliabilityi errorsi fori thei Casagrandei 

methodi ofi liquidi limitsi determinationi andi Healthi &i safetyi issuesi ini handlingi contaminatedi soili 

materiali fori Plastici limits.i Thei aimi ofi thisi researchi wasi toi developi ai simple,i fasti andi accuratei methodi 

ofi determiningi thei compressioni indexi ofi cohesivei soilsi usingi thei Quasi-statici conei testi whichi 

addressesi alli thei abovei limitations.i 51i soili samplesi werei collectedi fromi threei districtsi ofi Ugandai 

(Areai =i 1230km2)i andi testedi fori thei compressioni indexi usingi Oedometeri test,i liquidi limiti usingi falli 

conei andi Plastici limiti usingi threadi rolling.i Thei Atterbergi limitsi werei correlatedi toi compressioni 

indexi usingi regressioni analysis.i Thei samei soili samplesi werei testedi usingi thei quasii statici methodi andi 

forcesi closei toi 1020gfi andi 60gfi werei obtainedi fori plastici andi liquidi limiti respectivelyi ati 20mmi 

penetrationi depth.i Thei empiricali relationshipsi relatingi thei forcei fromi thei quasii statici methodi andi 

compressioni indexi wasi foundi toi bei 98%i accuratei comparedi toi thei compressioni indexi fromi 

Oedometeri test.i i  
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CHAPTERi ONE 

INTRODUCTION 

1.1i BACKGROUNDi  

Wheni ai soili isi subjectedi toi mechanicali load,i iti cani shrinki ini volume.i Thisi propertyi isi knowni asi soili 

compressibilityi (Guptai eti al.,i 2002).i Consolidationi isi thei processi throughi whichi thei volumei ofi 

partiallyi ori completelyi saturatedi soili changesi ini responsei toi ani increasei ini pressure.i Ai statici loadi ori ai 

dynamici loadi cani bothi bei consideredi externali loads.i Wheni ai loadi isi appliedi toi ai soili withi limitedi 

permeability,i thei wateri presenti ini thei poresi ofi ai saturatedi soili firsti carriesi thei load,i causingi thei porei 

wateri pressurei toi risei quickly.i Asi wateri drainsi fromi thei soil'si voids,i thei excessi wateri pressurei isi 

released,i andi thei pressurei isi theni transferredi toi thei soili Skelton,i whichi graduallyi contractsi andi 

causesi settlement.i Upi tilli thei extrai porei wateri pressurei hasi subsided,i thei consolidationi processi 

continues.i Naturali loadsi ori ani increasei ini appliedi stressi cani bothi producei consolidationi (suchi asi 

sedimentationi process,i ori humani madei loadsi asi ini thei constructioni ofi ai buildingi ori ani embankmenti 

abovei ai soili massi ori eveni thei loweringi ofi thei groundi wateri table). 

Thei one-dimensionali consolidationi isi thei mosti basici casei ofi consolidationi studied.i Thei laterali straini 

ofi thei soili massi isi disregardedi ini thisi situation.i Thei Oedometeri test,i whichi measuresi thei verticali 

displacementi ofi ai cylindrical,i saturatedi soili samplei submittedi toi ai verticali forcei whilei iti isi radiallyi 

confined,i isi ai testingi processi toi quantifyi thei importanti soili parametersi involvedi withi soili 

consolidation.i Consolidationi testsi shouldi bei performedi bothi duringi thei structurali integrityi studyi 

andi ati thei proposali stagesi ofi buildingi ai project. 

Ini ai baselinei surveyi withi thei Kampalai Capitali Cityi Authorityi (KCCA),i iti wasi discoveredi thati onlyi 

twoi ofi thei 100i soili investigationi reportsi fori thei buildingsi underi studyi hadi consolidationi testsi done.i 
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Thei argumentsi puti forthi includedi thei facti thati thei testi isi expensive,i time-consuming,i andi expensive,i 

asi welli asi thei ideai thati ai consolidationi testi isi noti requiredi ifi thei originali soili testi resultsi fori CBRi andi 

soili strengthi parametersi meeti thei minimumi requirements. 

Onei Dimensionali Consolidationi testi isi usedi toi calculatei thei compressioni index,i whichi isi employedi 

ini thei estimationi ofi settlement,i ai vitali componenti ini thei constructioni ofi thei structurei (calledi 

Oedometeri test).i Clausei 4i ofi BSi 1377i (Parti 5)i standardizesi thei testi technique.i Researchersi andi 

engineersi havei longi beeni deeplyi interestedi ini thei compressibilityi ofi soils.i Ini fact,i onei ofi thei 

difficultiesi ini structurali designi isi thei soili consolidationi ofi engineeringi projectsi likei foundationsi andi 

embankmentsi underi load;i therefore,i greati efforti willi havei beeni madei toi predicti settlement,i preventi 

it,i ori ati thei veryi leasti limiti iti toi acceptablei levels. 

Constructioni mistakesi thati costi timei andi moneyi mighti resulti fromi ai lacki ofi knowledgei ofi thei soil'si 

qualities.i Iti isi besti toi judgei ai soil'si suitabilityi fori ai certaini purposei oni thei basisi ofi itsi technicali 

qualitiesi ratheri thani ai visuali evaluationi ori ani apparenti similarityi toi otheri soils.i Sincei ai normali 

consolidationi testi cani bei completedi ini threei weeksi ati most,i determiningi thei compressioni indexi fromi 

thosei experimentsi isi expensive,i laborious,i andi time-consumingi (Jaini eti al.,i 2015).i Becausei ofi thei 

timei andi costi ofi thei Oedometeri test,i effortsi havei beeni madei toi derivei ai relationshipi betweeni 

compressioni indexi andi consistencyi limitsi throughi testing.i However,i thei currenti approachesi sufferi 

fromi thei followingi limitations: 

➢ Penetrationi stress-straini effectsi ini thei falli conei tests; 

➢ Reliabilityi associatedi withi threadi rollingi ini plastici limiti test;i and 

➢ Healthi andi safetyi issuesi ini handlingi contaminatedi soili materials. 
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Ini orderi toi addressi thei abovei issues,i thisi researchi focusedi oni developingi alternativei methodsi ofi 

consistencyi limitsi testingi usingi quasii statici conei penetrationi testsi andi relatingi thesei toi compressioni 

indexi values. 

1.2i PROBLEMi STATEMENTi  

Structurei settlementi isi assessedi usingi thei compressioni index.i Thei Oedometeri testi isi mostlyi utilizedi 

toi evaluatei thei compressioni index.i However,i sincei ai normali consolidationi testi cani bei completedi ini 

upi toi 3i weeks,i determiningi thei compressioni indexi fromi ani Oedometeri testi isi costly,i laborious,i andi 

time-consumingi (Jaini eti al.,i 2015).i Despitei researchi suggestingi ai roughi relationshipi betweeni ai  

normallyi consolidatedi clay'si liquidi limiti andi itsi compressioni index,i falli conei testi approachesi werei 

limitedi byi theiri inherenti inabilityi toi controli thei cone'si penetrationi ratei duringi testing,i whichi resultedi 

ini thei falli cone'si straini effectsi oni thei samplei (Koumotoi andi Houlsby,i 2001).i Furthermore,i thei threadi 

rollingi ini plastici limiti testi isi noti consistentlyi reliablei sincei iti dependsi oni humani factorsi andi wherei thei 

soili isi contaminatedi iti possessi Healthyi andi safetyi risks.i Therefore,i therei wasi needi toi comei upi withi 

Quasi-statici conei testi approachi toi relatei thei penetrationi forcei toi thei compressioni indexi whichi 

addressedi thei limitationsi ofi stress-straini effects,i thei healthi hazardi andi timei takeni fori thei test.i  

1.3i OBJECTIVESi OFi THEi STUDYi  

1.3.1i Generali Objectivei  

Thei generali objectivei ofi thisi studyi wasi toi developi ai simple,i fasti andi accuratei methodi ofi determiningi 

thei compressioni indexi ofi cohesivei soilsi usingi thei quasi-statici conei test. 

1.3.2i Specifici Objectives 

Thei specifici objectivesi were:i i  

1. Toi determinei conventionallyi derivedi consistencyi limitsi whichi includei plastici limiti andi 

liquidi limiti ofi cohesivei soilsi ofi lowi plasticityi toi highi plasticity.i  
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2. Toi determinei Quasi-statici consistencyi limitsi ofi cohesivei soilsi ofi lowi plasticityi toi highi 

plasticityi i  

3. Toi determinei Compressioni indexi usingi Oedometeri testi andi moisturei contenti i i  

4. Toi developi empiricali relationshipi betweeni quasii statici conei consistencyi limitsi andi 

compressioni index.i  

1.4i RESEARCHi QUESTIONS 

a) Whati arei thei valuesi ofi conventionallyi derivedi consistencyi limitsi whichi includei plastici limiti 

andi liquidi limiti ofi cohesivei soilsi ofi lowi plasticityi toi highi plasticity?i  

b) Whati arei thei valuesi ofi Quasi-statici consistencyi limitsi ofi cohesivei soilsi ofi lowi plasticityi toi 

highi plasticity? 

c) Whati arei thei valuesi ofi compressioni indexi determinedi usingi Oedometeri testi andi moisturei 

content? 

d) Whati arei thei empiricali relationshipsi betweeni quasii statici conei consistencyi limitsi andi 

compressioni index?i i  

1.5i JUSTIFICATIONi i  

Thei researchi wasi ani opportunityi toi gaini veryi importanti knowledgei ini thei civili engineeringi practice.i 

Severali methodsi hadi beeni developedi ini determiningi compressioni index.i Thei mosti commoni methodi 

wasi thei One-dimensionali consolidationi test.i Thei testi wasi timei consumingi sincei iti requiredi upi toi 3i 

weeksi toi completei onei testi peri sample.i Thei Casagrandei cupi methodi wasi adoptedi andi usedi toi 

determinei liquidi limiti andi correlatedi withi compressioni indexi buti hadi ai limitationi ofi beingi 

essentiallyi ai dynamici sheari testi (Casagrande,i 1958).i i Iti wasi attemptedi toi utilizei thei falli conei methodi 

toi establishi thei liquidi limiti andi correlatei iti withi thei compressioni index,i buti thisi hadi thei inherenti 

drawbacki ofi beingi unablei toi controli thei cone'si penetrationi ratei duringi testing,i whichi resultedi ini 

straini effects.i Thei threadi rollingi methodi fori determiningi plastici limiti suffersi thei limitationi thati thei 



5 
 

resultsi arei affectedi byi humani performancei factorsi andi healthi risksi fori contaminatedi soils.i i Thei 

limitationsi ofi olderi techniquesi arei removedi byi thei quasi-statici conei penetrationi approach,i whichi 

alsoi establishesi thei liquidi andi plastici limits. 

1.6i SIGNIFICANCEi  

Thei importancei ofi thei researchi wasi toi developi ai small-scalei laboratoryi methodi whichi gavei resultsi ini 

ai singlei dayi hencei addressingi thei challengei ofi timei involvedi andi costi incurredi ini determinationi ofi 

compressioni indexi fori cohesivei soilsi usingi Oedometeri test,i stress-straini effectsi limitationsi 

associatedi withi thei falli conei fori measuringi liquidi limit,i reliabilityi associatedi threadi rolling,i healthi 

andi safetyi issuesi ini handlingi contaminatedi soilsi materiali ini plastici limiti tests. 

1.7i SCOPEi  

Thei researchi involvedi carryingi outi experimentali testsi oni consistencyi limitsi whichi includedi 

determinationi ofi plastici limiti usingi threadi rollingi andi falli conei approach.i One-Dimensionali 

Consolidationi Testi andi Moisturei Contenti Experimentsi werei conductedi ini thei Districtsi ofi Masaka,i 

Mpigi,i andi Luweroi oni soili samples.i Quasi-statici consistencyi limiti testsi werei carriedi outi oni 51i 

samplesi asi seeni ini (Jaini eti al.,i 2015)i andi involvedi controlledi penetrationi conei ati ai ratei ofi 1mm/si asi 

seeni ini (Kyambadde,i 2010).i Thei approachi wasi usedi toi geti plastici andi liquidi limiti andi theni developi 

empiricali relationshipsi withi thei compressioni indexi fromi onei dimensionali consolidationi test.i i i  

1.8i CONCEPTUALi FRAMEWORKi  

Thei experimenti wasi carriedi outi oni 51i samplesi soi asi toi coveri alli thei plastici ranges.i Herei wei lookedi ati 

dependent,i interveningi andi independenti variables.i Thei dependenti variablesi werei compressioni 

indices,i thei independenti variablesi werei quasi-statici consistencyi limitsi andi thei conventionallyi 

derivedi consistencyi limitsi andi thei interveningi variablesi werei moisturei content.i So,i ai relationshipi 
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whichi includesi intervening,i dependenti variablei andi independenti variablei asi seeni ini Figurei 1.1i wasi 

established.i  

Independenti Variablei i i i i i i i i i i i i i Intermediatei Variablei i i i i i i i i i i i i Dependenti Variablei  

 

Figurei 1.1:i Showsi thei conceptuali frameworki fori Quasii Statici Consistencyi Limitsi asi 

independenti variablesi andi CIi asi dependenti variable 

Note;i CIi =i Compressioni index,i CDCLi =i conventionallyi derivedi consistencyi limits,i QSTTi =i Quasi-

statici testsi andi OT=i Oedometeri testi  
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CHAPTERi TWO 

LITERATUREi REVIEW 

i Thisi chapteri mainlyi involvesi thei reviewsi ofi relatedi literaturei ini linei withi thei study.i Thisi includesi thei 

consistencyi limits,i Atterbergi limits,i onei dimensionali consolidationi andi thei newi approachi knowni asi 

thei quasi-statici conei testsi fori determiningi thei consistencyi limits. 

2.1i CONSISTENCYi LIMITSi  

Accordingi toi thei wateri content,i fine-grainedi soilsi likei claysi andi siltsi exhibiti substantiali changesi ini 

behaviori andi strength.i Alberti Atterbergi (1911)i ai Swedishi soili scientist,i createdi ai seti ofi restrictionsi 

relatingi toi thei wateri contenti ofi certaini kindsi ofi soilsi toi quantifyi thesei behaviorali changes.i Later,i ini 

1958,i Arthuri Casagrandei improvedi them.i Basedi oni thei amounti ofi wateri present,i thei Atterbergi limitsi 

systemi determinesi fouri statesi ofi consistencyi fori thesei fine-grainedi soils:i solid,i semisolid,i plastic,i 

andi liquid.i Thei weighti ofi thei wateri ini thei soili samplei (Ww)i isi dividedi byi thei weighti ofi thei soili samplei 

withouti anyi wateri (ws),i andi thei resulti isi multipliedi byi 100i toi givei thei wateri contenti (w),i whichi isi theni 

expressedi asi ai percentagei (Brownjor,i 2016). 

2.1.1i Liquidi limitsi (LL)i  

i Accordingi toi ASTMi Di 4318,i thei liquidi limiti (LL)i wasi arbitrarilyi definedi asi thei wateri content,i ini 

percent,i ati whichi ai portioni ofi soili ini ai standardi cupi withi ai groovei ofi standardi dimensionsi overflowedi 

togetheri ati thei basei ofi thei groovei fori ai distancei ofi 13i mmi afteri beingi subjectedi toi 25i shocksi fromi thei 

cupi thati wasi droppedi 10i mm.i Accordingi toi (Jeffersoni andi Rogersi 1998)i statedi thati thei liquidi limiti 

wasi foundi usefuli ini thei investigationi ofi thei effectsi ofi temperaturei oni soili behavior.i i Iti ideallyi 

determinesi thei upperi limiti ofi ai soil’si plasticity,i andi wasi hereini denotedi asi LLi ini thei casei ofi 

conventionali determinationi fromi thei BSi 1377-2:i 1990i fall-conei test.i Accordingi toi Taylori (1948),i 
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liquidi limiti madei ai veryi goodi correlationi withi thei compressioni indexi andi alsoi accordingi toi (Jain,i eti 

al,i 2015),i plasticityi indexi madei ai veryi goodi correlationi toi compressioni index.i  

2.1.2i Determinationi ofi Liquidi Limiti  

One-pointi conei penetrometer,i Casagrandei device,i andi conei penetrometeri methodi (definitivei 

method)i werei thei threei methodsi describedi ini BSi 1377:i Parti 2i fori determiningi thei liquidi limiti ofi soil; 

2.1.3i Conei Penetrometeri Methodi  

Cones,i usingi bothi displacementsi controlledi andi load-controlledi penetrationi devices,i werei widelyi 

investigatedi fori measuringi thei liquidi limiti accordingi toi (Koumoto,i 1990).i i Conei penetrometeri 

testing,i accordingi toi Houlsbyi (1982),i wasi quickeri andi simpleri thani cupi testingi andi eliminatedi thei 

subjectivityi involvedi withi thei Casagrandei cupi test.i However,i thei methodologyi testi presupposedi ai 

constanti undrainedi sheari strengthi ofi 1.7i kPa,i whichi correspondsi toi thei liquidi limiti fori alli typesi ofi 

soilsi (Hrubesova,i 2016).i  

Accordingi toi Hansboi theoryi thei undrainedi sheari strengthi cui wasi inverselyi proportionali toi thei squarei 

ofi thei conei penetrationi di andi cani bei expressedi ini thei formi (Hrubesova,i 2016).i Ini orderi toi establishi 

thei conei mass,i apexi angle,i surfacei roughness,i andi penetrationi depthi ati thei LL,i ai fall-conei LLi setupi 

thati isi internationallyi standardizedi wasi adopted.i Koumotoi andi Houlsbyi (2001)i statedi thati 

“Althoughi thei 60o
i conei wasi lessi sensitivei toi variationsi ini conei roughnessi and,i asi ai result,i cani 

arguablyi producei greateri repeatabilityi betweeni geotechnicali laboratories,i thei 30o
i conei isi ini muchi 

wideri usei andi fromi thisi considerationi willi bei thei morei obviousi choicei fori internationali 

standardization”.i i Additionally,i Koumotoi (1990)i proposedi thati thei liquidi limiti bei definedi globallyi 

asi thei wateri contenti ati whichi ai 600,i 60gi falli conei couldi penetratei 10i mm. 
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Thei undrainedi sheari strengthi cani bei calculatedi quicklyi andi easilyi usingi thei falli conei test,i whichi cani 

bei understoodi ini termsi ofi basici mechanics.i Thei anglei ofi thei conei tip,i thei roughnessi ofi thei cone'si 

surface,i andi thei ratei ofi sheari straini duringi penetrationi arei alli factorsi thati affecti falli conei penetration.i 

Whilei thei Ki factori fori thei 300i conei isi slightlyi higheri thani thei valuei acquiredi fromi experimentali data,i 

thei theoreticali falli conei factori K.i 0'31i estimatedi herei fori thei 600i conei matchesi welli withi publishedi 

experimentali findings.i Becausei iti isi lessi susceptiblei toi conei roughnessi thani thei 300i cone,i thei 600i 

conei isi suggestedi asi beingi morei appropriatei toi determinei strength.i Theoreticali undrainedi sheari 

strengthsi arei compatiblei withi experimentallyi measuredi valuesi ati thei liquidi limit.i Thei falli conei 

approachi isi restrictedi byi thei effectsi ofi straini rates,i whichi arei roughlyi 2.5i ×i 106%/hr.i Kunomotoi 

(2001).i  

2.1.4i One-Pointi Conei Penetrometeri Methodi  

Thei procedurei isi thei samei asi thati statedi ini thei falli conei test,i withi thei exceptioni thati onlyi onei pointi isi 

necessary.i Thisi testi offersi ani alternativei wayi toi thei falli conei methodi fori findingi thei liquidi limit.i Thisi 

resultsi ini ai fairlyi quicki test.i Thei soil'si wateri contenti isi ascertainedi afteri thei averagei penetrationi fori 

thei pointi hasi beeni established.i Thei liquidi limiti isi theni calculatedi byi multiplyingi thei wateri contenti byi 

ai certaini amount.i Bothi thei conei penetrationi andi thei rangei ofi wateri contenti thati thei measuredi wateri 

contenti fallsi withini affecti thei factor'si value.i Byi performingi experiments,i thei factorsi werei identifiedi 

(Claytoni andi Jukes,i 1978).i  

2.1.5i Casagrandei Apparatusi  

Thei equipmenti usedi toi establishi thei liquidi limiti consistsi ofi ai semi-sphericali brassi cupi thati isi 

repeatedlyi droppedi fromi ai heighti ofi 10i mmi ontoi ai hardi rubberi base.i Thisi equipmenti wasi createdi byi 

Arthuri Casagrandei ini 1932,i andi thei test'si protocoli isi knowni asi thei Casagrandei cupi methodi providedi 

underi ASTMi Di 4318.i Thei Casagrandei apparatusi methodi mayi alsoi bei usedi toi determinei thei liquidi 
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limiti fromi ai singlei pointi measurement,i asi showni ini clausei 4.6i ofi BSi 1377-2:i 1990,i wherei limitedi soili 

samplesi arei available.i  

Thei limitationsi ofi thei percussioni cupi devicei ledi Casagrandei (1958)i toi recommendi thei usei ofi ai 

simplei sheari testi suchi asi statici penetrationi toi offeri ai betteri approachi toi thei determinationi ofi thei liquidi 

limiti (Kyambadde,i 2010).i Thei Britishi Standardsi Institutioni onlyi acceptedi thisi approachi asi ai meansi 

ofi determiningi liquidi upi toi 1975.i Althoughi iti isi stilli widelyi used,i conei penetrationi techniquesi havei 

mostlyi replacedi thei testi (Smith,i 2014).i Thei cupi method,i whichi determinesi thei liquidi limit,i hasi ai 

numberi ofi drawbacks,i includingi thei propensityi ofi lowi plasticityi soilsi toi slidei andi liquefyi withi shocki 

ini thei cupi ratheri thani flowi plastically,i andi sensitivityi toi operatori techniquei andi toi minori variationsi ini 

gear. 

2.2i PLASTICi LIMITSi  

Thei pointi ati whichi ai soili transitionsi fromi ai semisolidi toi ai plastici formi isi knowni asi thei wateri contenti 

(Budhu,i 2000).i Ini addition,i iti isi describedi asi thei percentagei ofi moisturei ati whichi thei soili crumblesi 

wheni rolledi intoi threadsi thati arei 4.2i mmi ini diameteri (Das,i 2014).i Plastici limitsi arei establishedi usingi 

arbitraryi testi methods,i whichi arei fullyi describedi ini BSi 1377.i (Parti 2)i Clausei 2i andi Craigi (2004)i 

proposei combiningi thei testi soili withi distilledi wateri untili iti becomesi sufficientlyi plastici toi bei shapedi 

intoi ai balli ini orderi toi ascertaini thei plastici limit.i Terzaghii (1948)i correlatedi compressioni withi thei 

plastici limit.i i  

2.2.1i Determinationi ofi thei Plastici Limiti  

Fori cohesivei soilsi containingi coarsei fractionsi smalleri thani 0.425i mm,i iti isi noti possiblei toi obtaini thei 

threadi rollingi plastici limiti accordingi toi BSi 1377-2:i 1990i sincei thei presencei ofi thei coarsei particlesi 

interferesi withi thei rollingi process.i Thus,i alternativei methods,i ini particulari conei penetration,i mayi 

havei thei advantagei thati theyi cani ati leasti bei employedi directlyi fori mixedi soils.i (Kyambadde,i 2003).i 
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Thei plastici limiti testi isi straightforwardi andi isi carriedi outi byi repeatedlyi rollingi ai soili massi thei sizei ofi 

ani ellipsoidi byi handi oni ai glassi platei thati hasi beeni crushed.i ASTMi providesi instructionsi fori thei 

plastici limiti testi ini Testi Designationi D-4318. 

Approximatelyi 20gi ofi soili shouldi bei mixedi withi water,i andi theni thei soili balli shouldi bei rolledi byi handi 

oni thei rollingi surfacei withi justi enoughi pressurei toi generatei ani elongatedi thread,i asi peri thei standardi 

Testi procedurei manuali 2000,i toi determinei thei plastici limit.i Ai samplei ofi soili isi takeni toi testi thei 

moisturei content,i whichi isi thei plastici limit,i ifi iti cani bei rolledi toi ai threadi 3mmi thicki withouti 

disintegrating. 

2.2.2i Threadi Rollingi Plastici Limiti Devicesi  

Byi rollingi ai littlei amounti ofi clayi intoi threadsi andi measuringi thei wateri contenti ati whichi thei thread,i 

whichi isi abouti 3mmi ini diameter,i beginsi toi crumble,i thei plastici limitsi cani bei foundi (Budhu,i 2000).i 

Thei soili becomesi lessi flexiblei andi transitionsi toi ai semisolidi formi ati thisi wateri concentration.i Thei 

drawbacki ofi thisi methodi isi thati iti isi relianti oni thei experimenteri ori samplei roller. 

Bobrowskii andi Grievspoori (1992)i devisedi ai simplei Plexiglasi basedi device;i ini whichi soili specimensi 

arei rolledi intoi threadsi toi obtaini thei plastici limit,i asi ani improvementi overi thei handi threadi rollingi 

procedure.i Variationsi ofi thisi devicei havei beeni fabricatedi elsewherei (seei fori examplei Rashidi eti ali 

(2008),i andi includei mechanizedi versionsi suchi asi citedi ini Temyingyong,i et,i ali (2002).i  

i  

Figurei 2.1:i Showsi threadi rolledi soili samplei fromi (Das,i 2014) 
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i 2.3.1i Falli Conei Methodi toi Determinei Plastici Limitsi  

Ai falli conei test,i populari ini Europei andi Asia,i appearsi toi offeri ai morei accuratei (lessi pronei toi operator’si 

errors)i methodi ofi determiningi bothi thei liquidi andi plastici limits.i Ini thei falli conei testi ai conei withi ani 

apexi anglei ofi 300
i andi totali massi ofi 80i gramsi isi suspendedi above,i buti justi ini contacti with,i thei soili 

sample.i Thei conei isi permittedi toi falli freelyi fori ai periodi ofi 5i seconds.i Thei challengei ofi obtainingi thei 

plastici limiti fromi ai singlei testi necessitatesi fouri ori morei testsi ati variousi wateri volumes.i Wateri contenti 

(ordinate,i logarithmici scale)i vsi penetrationi (abscissa,i logarithmici scale)i arei showni asi thei results,i 

andi thei plastici limiti isi calculatedi byi projectingi thei besti fit-straighti linei backwardi toi crossi thei wateri 

contenti axisi ati ai penetrationi depthi ofi 1i mm.i Ati thisi depthi ofi penetrationi (1i mm),i thei wateri contenti isi 

Ci (Budhu,i 2000).i  

Thei formulai fori thei plastici limiti is;i  

PLi =i C(2)m
i ………………………………………………..............................Equationi 1 

wherei mi isi thei slopei (takeni asi positive),i thei straighti linei withi thei besti fit.i Usingi ai spreadsheeti tool,i 

youi cani findi Ci andi mi usingi thei best-fiti equation'si poweri trendi linei function.i Thei fall-conei approachi  

isi alsoi limitedi byi thei rangei ofi 80i gfi penetrationi depthsi achievablei ati moisturei contentsi closei toi thei 

plastici limit.i Onlyi ai fewi millimetersi mayi bei obtained,i renderingi ai relativelyi smalli proportioni ofi thei 

specimeni involvedi ini thei test.i  

Thei fall-conei approachesi ofi determiningi thei plastici limiti havei limitationsi thati impedei theiri 

applicationi asi alternativesi toi thei threadi rollingi procedurei likei mayi bei difficulti toi interpreti oni thei 

statisticali approachi (Campbell,i 1976).i (Kyambaddei andi Stones,i 2007)i alsoi suggestedi thati therei arei 

alsoi difficultiesi ini controllingi thei ratei ofi penetrationi duringi fall-conei testsi whichi complicatesi theiri 

usei overi thei entirei plastici range,i particularlyi closei toi thei plastici limit,i wherei slighti variationsi ini 

moisturei contenti mayi significantlyi affecti thei soili strength.i  
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i 2.3i PLASTICITYi INDEXi  

Ai measurementi ofi ai soil'si plasticityi isi thei plasticityi indexi (PI).i Thei rangei ofi wateri contentsi wherei thei 

soili displaysi plastici qualitiesi isi measuredi byi thei plasticityi index.i Thei PIi (PIi =i LL-PL)i isi thei 

differencei betweeni thei liquidi andi plastici limitsi (Das,i 2006).i i Clayi predominatesi ini soilsi withi ai highi 

PI,i silti predominatesi ini soilsi withi ai lowi PI,i andi littlei toi noi clayi predominatesi ini soilsi withi ai PIi ofi 0i 

(non-plastic).i i  

2.4i CONSOLIDATIONi i  

Consolidationi happensi wheni saturatedi clayi soilsi withi ai lowi coefficienti ofi permeabilityi arei loaded.i 

Becausei ofi thei soil'si lowi permeability,i thei porei wateri pressurei willi immediatelyi increase,i buti therei 

willi bei ai delayi betweeni thei applicationi ofi thei loadi andi thei porei wateri extrusioni thati causesi thei 

settlementi (Das,i 2014).i Thei mechanicali processi throughi whichi soili progressivelyi changesi volumei 

ini responsei toi ai changei ini pressurei isi knowni asi soili consolidation.i  

Thisi occursi asi ai resulti ofi soili beingi ai two-phasei substancei madei upi ofi soili grainsi andi porei fluid,i 

typicallyi groundwater.i Duei toi thei highi volumetrici stiffnessi ofi wateri relativei toi thei soili matrix,i wheni 

pressurei isi increasedi oni soili thati isi saturatedi withi water,i thei wateri initiallyi absorbsi thei entirei risei ini 

pressurei withouti changingi volume,i leadingi toi excessivei porei wateri pressure.i Thei soili matrixi 

graduallyi absorbsi thei pressurei changei andi contractsi ini volumei asi wateri diffusesi awayi fromi areasi ofi 

highi pressurei asi ai resulti ofi seepage.i Thus,i thei diffusioni equation,i thei ideai ofi effectivei stress,i andi 

hydraulici conductivityi arei alli tightlyi tiedi toi thei theoreticali frameworki ofi consolidation.i 

Consolidation,i wheni usedi narrowly,i refersi solelyi toi thisi delayedi volumetrici reactioni toi pressurei 

changei broughti oni byi water'si slowi flowi awayi fromi thei loadedi area.i  
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Additionally,i Consolidationi isi sometimesi usedi ini publicationsi toi referi toi anyi processi wherei soili 

changesi volumei asi ai resulti ofi ai changei ini appliedi pressure.i Somei soili types,i especiallyi thosei highi ini 

organici matter,i exhibiti significanti creep,i whichi ai sloweri volumei changei isi causedi byi ai constanti 

effectivei stressi overi ai longeri periodi ofi timei thani consolidationi throughi wateri diffusion.i "Primaryi 

consolidation"i denotesi consolidationi broughti oni byi thei dissipationi ofi excessi wateri pressure,i 

whereasi secondaryi consolidationi denotesi thei creepi process. 

Thei consequencesi ofi consolidationi arei particularlyi noticeablei wheni ai structurei isi builti overi ai layeri 

ofi low-stiffness,i low-permeabilityi soil,i likei marinei clay,i whichi causesi significanti settlementi overi 

ani extendedi periodi ofi time.i Landi reclamation,i buildingi embankments,i andi clay-basedi tunneli andi 

basementi excavationi suchi exhibitsi overi consolidation.i Oedometersi arei usedi byi geotechnicali 

engineersi toi measurei thei effectsi ofi consolidation.i Ini ani oedometeri test,i ai thini disci ofi soili samplei isi 

subjectedi toi ai seriesi ofi knowni pressures,i andi thei changei ini samplei thicknessi overi timei isi recorded. 

2.4.1i Oedometeri Testi (Onei Dimensionali Consolidationi Test)i  

Clausei 4i ofi BSi 1377i (Parti 5)i describesi thei testi techniquei andi requiresi thati thei Oedometeri bei ofi thei 

fixedi ringi variety.i Thei kindi ofi soili willi determinei thei startingi pressure,i whichi willi bei followedi byi ai 

seriesi ofi doubled-upi pressuresi oni thei specimen. 

Thei soili samplei isi enclosedi ini ai steeli cuttingi ringi andi isi typicallyi 75i mmi ini diameteri andi 20i mmi thick.i 

Thei samplei isi placedi ini thei oedometeri andi coveredi withi porousi discsi thati havei beeni saturatedi withi 

airlessi water.i Afteri that,i ai verticali forcei isi applied,i andi thei compressioni thati resultsi isi measuredi 

usingi ai transduceri ati regulari intervals,i withi valuesi beingi loggedi untili thei samplei hasi fullyi 

consolidatedi (usuallyi fori ai periodi ofi 24i hours).i  
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Thei processi isi theni repeatedi withi furtheri loadi incrementsi untili thei testi hasi coveredi thei wholei stressi 

rangei anticipatedi ini situ.i Toi avoidi porei suction,i thei testi samplei isi typicallyi floodedi withi wateri 

shortlyi afteri thei applicationi ofi thei firsti loadi increment.i Thei pressurei isi graduallyi reducedi overi ai 

periodi ofi 24i hoursi oncei thei samplei hasi condensedi underi itsi lasti loadi increment.i Thei samplei isi theni 

allowedi toi expand. 

i Ani expansioni toi timei curvei cani likewisei bei obtainedi ini thisi manner.i Thei finali thicknessi ofi thei 

sample,i fromi whichi iti isi feasiblei toi determinei thei voidi ratioi ofi thei soili fori eachi stagei ofi consolidationi 

underi thei loadi increments,i cani bei acquiredi afteri thei loadingi hasi beeni entirelyi removed.i Thei graphi 

depictingi thei relationshipi betweeni thei voidi ratioi andi thei consolidationi pressurei cani theni bei created.i 

Becausei thei extrai porei pressuresi arei zeroi afteri consolidationi andi thei appliedi stressi incrementi isi 

equali toi thei effectivei stressi increment,i iti shouldi bei emphasizedi thati thei valuesi ofi preferi toi effectivei 

stressi (Smith,i 2014).i  

2.4.2i Compressioni Indexi  

Thei slopei ofi thei lineari portioni oni thei e-logi ploti fori anyi twoi pointsi isi thei compressioni indexi (Cc)i andi 

isi dimensionlessi (Craig,i 2004).i i i Ini ai ploti ofi thei logarithmi ofi verticali effectivei stressi versusi voidi 

ratio,i iti cani bei describedi asi thei slopei ofi thei normali consolidationi linei (Budhu,i 2000)i Compressioni 

indexi cani bei usedi toi assessi ai structure'si settling,i asi demonstratedi ini thei (Das,i 2014). 

2.4.3i Determinationi ofi Compressioni Indexi  

Iti hasi beeni demonstratedi byi Terzaghii andi Pecki (1948)i thati thei liquidi limiti ofi ai regularlyi consolidatedi 

clayi andi itsi compressioni indexi roughlyi correlate.i Thisi connectioni wasi discoveredi throughi 

experimentationi andi isi  

Cci =i 0.009(WL-10%)i  
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Skemptoni (1944)i alsoi proposedi thei empiricali expressioni showni belowi fori thei compressioni indexi 

fori claysi thati havei noti beeni disturbed: 

Cci =i 0.009(LL-10)i  

2.5i QUASI-STATICi CONEi SYSTEMSi  

Thei limitationsi ofi usingi thei falli conei apparatusi mayi bei ideallyi overcomei ifi thei penetrationi ratei cani 

bei controlledi suchi thati ratei effectsi arei morei effectivelyi accountedi fori (Kyambadde,i 2010).i 

Kyambaddei (2010)i suggestsi thati Quasi-statici conei systemsi (ini whichi displacementi controli occursi 

ati slowi rates,i ideallyi ati 1i mm/s)i mayi providei ai betteri alternativei ini overcomingi limitationsi ofi fall-

conei penetrationi approaches,i suchi asi Straini ratei effects.i i  

Koumotoi andi Houlsby'si (2001)i analysisi ofi thei quasi-statici conei penetrationi eventi suggestsi thati thei 

expressioni ini equationi mayi bei usedi toi relatei thei undrainedi sheari strengthi (Su)i andi penetrationi depthi 

(h); 

i  
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CHAPTERi THREE 

METHODOLOGY 

3.0i INTRODUCTIONi  

Thei materialsi (soils),i techniques/procedures,i andi toolsi employedi ini thisi investigationi arei describedi 

ini thisi chapter.i Thei innovativei equipmenti andi recordingi mechanismsi usedi arei presented,i Figuresi arei 

alsoi presentedi wherei appropriate.i  

3.1i EXPERIMENTALi MATERIALSi  

3.1.1i Finei Soilsi  

Experimentali materialsi comprisedi 51i samplesi ofi soili rangingi fromi lowi plasticityi toi highi plasticity.i 

Thei goali ofi thei experimentali programmei wasi toi comparei thei Oedometeri testi andi thei Quasi-statici 

conei penetrometeri ini termsi ofi howi simple,i quick,i andi inexpensivei iti wasi toi determinei thei 

compressioni index.i Ani essentiali soili metrici usedi toi estimatei thei structure'si settlementi isi thei 

compressioni index.i  

Thei soili wasi testedi ini remouldedi statei withi anyi particlesi largeri thani 0.425i mmi diameteri removedi byi 

sievingi asi appropriate.i Particulari carei wasi takeni toi breakdowni aggregatedi particlesi byi usingi mortari 

andi pestle.i Remouldingi wasi donei byi kneadingi withi palettei knivesi asi recommendedi ini BSi 1377-2:i 

1990.i Classificationi propertiesi ofi thei finei cohesivei soilsi wasi obtainedi fromi ai unifiedi soili 

classificationi systemi whichi wasi ini accordancei withi BSi 1377-2:i 1990. 

i 3.2i FALL-CONEi TESTSi  

Becausei iti isi simpleri toi operate,i thei Fall-conei methodi wasi usedi toi establishi thei liquidi limiti insteadi ofi 

thei Casagrandei apparatusi approach.i Thei fall-conei apparatusi hasi ai solenoidi releasei mechanismi thati 
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releasesi thei conei soi thati thei 80i gi 300
i conei cani bei penetratedi byi self-weighti overi ai predeterminedi timei 

ofi 5i seconds.i Thei fall-conei testi proceduresi werei employedi ini thei experimentali programmei ini 

accordancei withi clausei 4.3i ofi BSi ENi ISOi 17892-12:i 2018.i  

 

Figurei 3.1:i Falli conei penetrometeri i i i i i i i  

3.3i FALLi CONEi TESTSi PROCEDURESi  

Falli conei penetrationi testsi ini accordancei withi BSi ENi ISOi 17892-12:i 2018i werei usedi toi ascertaini thei 

compressioni andi consistencyi limiti ofi finei cohesivei soilsi andi combinationsi ofi clayi soilsi andi finei 

gravel.i 300
i smoothi conei wasi usedi fori bothi falli conei andi quasi-statici conei testsi ini thei experimentali 

programme,i Adhesioni effectsi werei minimizedi throughouti thei testingi programme,i byi lightlyi oilingi 

thei conesi asi recommendedi byi Houlsbyi (1982).i i  

Ai samplei ofi abouti 100i gi fromi thei soili pastei wasi taken,i preparedi andi placedi oni thei glassi plate.i Thei 

pastei wasi thoroughlyi mixedi withi distilledi wateri usingi thei twoi palettei knives.i Thei moisturei contenti 

wasi adjustedi soi thati iti correspondsi toi ai conei penetrationi ofi betweeni 15i mmi andi 25i mm,i andi asi closei 

asi possiblei toi 20i mmi andi thisi wasi checkedi withi thei conei penetrometeri device.i Thei samplei wasi 

mixedi fori ati leasti 10i min. 
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Ai portioni ofi thei mixedi soili wasi Pushedi intoi thei cupi withi ai palettei knife,i takingi carei noti toi trapi air.i 

Excessi soili wasi removedi offi withi thei straightedgei toi givei ai smoothi surface.i Theni thei conei wasi 

lockedi ini thei raisedi positioni loweringi thei supportingi assemblyi soi thati thei tipi ofi thei conei justi touchesi 

thei surfacei ofi thei soil.i Afteri thei conei hadi beeni puti ini thei correcti position,i ai slighti move 

lmenti ofi thei cupi adjustedi thei marki ofi thei soili surface.i  

Thei diali gaugei readingi wasi recordedi toi thei nearesti 0.1i mm.i Thei conei wasi releasedi fori ai periodi ofi 5s.i 

Afteri lockingi thei conei ini positioni then,i thei diali gaugei wasi loweredi toi thei newi positioni ofi thei conei 

shafti andi thei readingi wasi notedi toi thei nearesti 0.1i mm.i Thei differencei betweeni thei beginningi andi endi 

ofi thei dropi recordedi asi thei conei penetration.i Thei conei wasi theni liftedi outi andi cleanedi toi avoidi 

scratching.i Againi morei littlei weti soili wasi toi thei cup,i takingi carei noti toi trapi air,i thei surfacei wasi madei 

smoothi asi specifiedi andi thei processi wasi repeatedi untili fouri consecutivei testsi givei conei penetrationi 

readingsi withini 14i toi 28i mm.i Thei bulki ofi thei soili wasi removed,i includingi thei zonei penetratedi byi thei 

cone,i fromi thei cup,i placedi ini ai suitablei containeri andi itsi moisturei contenti wasi determined. 

3.4i PLASTICi LIMITi TESTSi PROCEDURESi  i  

Ai plastici limiti testi wasi undertakeni ini accordancei withi thei procedurei seti outi ini clausei 5i ofi BSi ENi ISOi 

17892-12:i 2018i fori threadi rolling.i Thei plastici limiti testi wasi carriedi outi byi repeatedlyi rollingi ai soili 

massi thei sizei ofi ani ellipsoidi byi handi oni ai glassi platei thati hadi beeni groundi untili cracksi developedi ini 

thei sample.i  

Ai samplei ofi abouti 20i gi wasi takeni fromi thei soili paste,i preparedi andi placedi oni thei glassi mixingi plate.i 

Thei soili wasi allowedi toi dryi partiallyi oni thei platei untili iti becamei plastici enoughi toi bei shapedi intoi ai 

ball.i Thei soili wasi mouldedi intoi balli betweeni thei fingersi andi rolledi betweeni thei palmsi ofi thei handsi 
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untili thei heati ofi thei handsi hadi driedi thei soili sufficientlyi fori slighti cracksi toi appeari oni itsi surface.i Thei 

samplei wasi dividedi intoi twoi subsamplesi ofi abouti 10i gi eachi andi ai separatei determinationi wasi carriedi 

outi oni eachi portioni byi dividingi eachi subsamplei intoi fouri morei ori lessi equali partsi andi wasi treatedi 

eachi parti asi specified.i  

Thei soili wasi mouldedi ini thei fingersi toi equalizei thei distributioni ofi moisturei andi theni formi thei soili intoi 

ai threadi ofi abouti 6i mmi diameteri betweeni thei firsti fingeri andi thumbi ofi eachi hand.i Thei threadi wasi theni 

rolledi betweeni thei fingers,i fromi thei finger-tipi toi thei secondi joint,i ofi onei handi andi thei surfacei ofi thei 

glassi rollingi plate.i Enoughi pressurei wasi usedi toi reducei thei diameteri ofi thei threadi toi abouti 3i mmi ini 

fivei toi 10i complete,i forwardi andi back,i movementsi ofi thei hand.i Thei pressurei wasi maintainedi 

uniformlyi asi thei threadi diameteri approachesi 3i mm.i  

Thei soili wasi Pickedi up,i mouldedi betweeni thei fingersi toi dryi iti further,i formedi iti intoi ai threadi andi rolli 

iti outi again.i Thei processi wasi repeatedi untili thei threadi shearedi bothi longitudinallyi andi transverselyi 

wheni iti hasi beeni rolledi toi abouti 3i mmi diameter,i asi gaugedi byi thei rod.i Thei crumbledi soili threadsi werei 

gathered,i transferredi toi ai suitablei containeri andi replacedi thei lidi immediately.i Thei processi wasi 

repeatedi oni thei otheri threei portionsi ofi soil,i placingi themi alli ini thei samei container.i Theni moisturei 

contenti ofi thei soili ini thei containeri wasi determined. 

3.5i QUASI-STATICi CONEi TESTSi  

Thei quasi-statici conei penetrationi consistedi ofi thei 20mmi bari connectedi toi ai conei shapedi rodi similari 

toi thati falli conei penetrometer.i Thei bari wasi attachedi toi thei framei similari toi trii axiali framei asi showni ini 

Figurei 3.2.i Thei framei wasi madei ini suchi ai wayi thati iti movedi thei soili samplei ini ai cupi toi bei penetratedi 

byi ai conei ati constanti penetrationi ofi 1.3mmi peri second.i Thei forcei appliedi wasi determinedi usingi ai 
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loadi celli placedi ati thei bottomi ofi thei cylindricali cupi containingi thei specimen.i Thei penetrationi wasi 

determinedi usingi Ultrai soundi sensori attachedi ati thei bottomi ofi thei frame.i  

Thei loadi celli andi ultrai soundi sensori werei bothi connectedi toi Urduinoi motheri boardi whichi actsi asi datai 

logger.i i Thei resultsi werei readi directlyi fromi thei computeri usingi urduinoi motheri boardi soi asi toi 

improvei oni thei accuracyi ofi readingi thei penetrationi andi forcei ati thei samei time.i i Thei approachi wasi 

similari toi thati usedi byi (Kyambadde,i 2010)i thei onlyi differencei wasi thati hei usedi ai datai loggeri andi 

Lineari Voltagei displacementi traducersi (LVDT)i toi readi thei resultsi oni thei computer.i  

Quasii penetrationi testsi werei carriedi outi oni eachi samplei ati plastici limiti andi liquidi limiti determinedi 

conventionallyi byi usingi threadi rollingi andi falli conei methodi respectively.i Ai Tablei ofi resultsi isi showni 

ini chapteri 4,i andi plottedi graphsi arei showni ini Figurei 4.2.i Valuesi werei recordedi fori ai depthi ofi 

penetrationi ofi 10mm,i 20mmi andi 30mm,i thesei werei plottedi andi 20mmi depthi wasi foundi toi bei 

consistent.i Therefore,i ai depthi ofi penetrationi ofi 20mmi wasi used.i Ai graphi ofi forcei versusi depthi ofi 

penetrationi andi forcei versusi penetrationi squaredi werei plottedi toi geti curvesi ati differenti moisturei 

content.i Thei plastici andi liquidi limit,i ai forcei correspondingi toi ai 20i mmi depthi ofi penetration,i andi thei 

quasi-consistencyi limitsi werei establishedi fori thei identicali soili samples.i  
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Figurei 3.2i Quasii statici penetrometeri  

Ai isi ai computeri fori displayingi ofi results.i  

Bi isi thei verticali bari ofi 20mmi diameteri withi ai 30o
i conicali shapedi endi usedi toi penetratei thei soili 

sample.i  

Ci isi usedi toi measurei forcei appliedi oni thei soili samplei byi ai loadi celli thati isi mountedi oni topi ofi thei 

piston.i  

Di isi ani aurdinoi sensori whichi measuresi distancei ati ai giveni intervali  

Ei isi thei aurdinoi motheri boardi encasedi ini thei metali casei usedi toi transferi thei datai toi computer. 

Fi isi thei switchi boardi wherei therei isi thei operatingi switchesi usedi toi switchi oni andi offi thei machinei andi 

usedi toi operatei thei machinei toi movei upi andi down.i  

Gi isi ai cupi ofi 50mmi diameteri 40mmi heighti toi bei filledi withi thei soili sample.i  
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Figurei 3.i 3:i Detaili ofi switchi boardi fori quasii statici conei penetrometeri  
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Figurei 3.4:i Detaili ofi quasii statici conei penetrometeri machine 

 

 

 

 

 



25 
 

3.6i ONEi DIMENSIONALi CONSOLIDATIONi TESTi (OEDOMETERi TEST)i  

Thei Oedometeri musti bei ofi thei fixedi ringi type,i accordingi toi thei testi procedurei ofi BSi ENi ISOi 17892-

12:i 2018.i Thei kindi ofi soili determinedi thei startingi pressure,i whichi wasi followedi byi ai seriesi ofi 

doubled-upi pressuresi oni thei specimen.i Eachi pressurei wasi heldi steadyi fori ai wholei day.i Eachi samplei 

wasi testedi fori ani averagei ofi 3i daysi andi fori 51i samplesi iti tooki 155days.i Throughouti thisi time,i 

compressioni valuesi werei takeni ati regulari intervals.i Thei appliedi pressurei isi equali toi thei effectivei 

verticali tensioni ini thei specimeni ati thei conclusioni ofi thei incrementi period,i wheni thei extrai porei wateri 

pressurei hasi fullyi dissipated.i i  

Thei plastici limit,i liquidi limit,i optimumi moisturei contenti wherei tabulatedi andi fori eachi samplei 

determinedi duringi thei laboratoryi testing.i  

Ai regressioni analysisi wasi performedi usingi thei findings,i andi iti wasi theni possiblei toi establishi ani 

empiricali relationshipi betweeni consistencyi limitsi andi CI.i Toi developi thei empiricali relationshipi 

betweeni quasii statici conei penetrationsi andi compressioni index.i Basingi oni thei resultsi goti fromi thei 

quasii statici conei penetrationsi andi thei Compressioni Indexi correspondingi toi consistencyi limits,i thei 

empiricali relationshipi wasi determinedi usingi ai regressioni analysis. 

 



26 
 

i i i  
Figurei 3.5:i Oedometeri apparatusi i  

3.7i ONEi DIMENSIONALi CONSOLIDATIONi TESTi PROCEDUREi  

Twoi porousi stonesi werei saturatedi byi keepingi themi submergedi ini thei distilledi wateri fori 4i toi 8i hours,i 

excessi wateri wasi wipedi awayi andi thei fittingsi ofi thei Oedometeri hadi beeni moist.i Thei Oedometeri wasi 

assembled,i withi thei soili specimeni andi porousi stonesi ati topi andi bottomi ofi specimen,i providingi ai filteri 

paperi betweeni thei soili specimeni andi porousi stone.i Thei pressurei padi wasi positionedi centrallyi oni thei 

topi porousi stone.i Thei mouldi assemblyi wasi mountedi oni thei loadingi frame,i centeredi andi loadi appliedi 

wasi axial.i  

Thei diali gaugei wasi positionedi andi measuredi thei verticali compressioni ofi thei specimen.i Thei diali 

gaugei holderi wasi seti suchi thati thei diali gaugei wasi ini thei beggingi ofi itsi releasesi runi andi allowingi 

sufficienti margini fori thei swellingi ofi thei soil.i Thei mouldi assemblyi wasi connectedi toi thei wateri 

reservoiri andi thei samplei wasi allowedi toi saturate.i Thei leveli ofi thei wateri ini thei reservoiri wasi ati abouti 

thei samei leveli asi thei soili specimen.i Ani initiali loadi wasi appliedi toi thei assembly.i Thei magnitudei ofi thisi 

loadi wasi choseni byi trial,i suchi thati therei isi noi swelling.i Iti wasi noti lessi thani 50i g/cm3.i Thei loadi wasi 



27 
 

allowedi toi standi untili therei isi noi changei ini diali gaugei readingsi fori twoi consecutivei hoursi ori fori ai 

maximumi ofi 24i hours.i Thei finali diali readingi wasi notedi underi thei initiali load.i  

Thei firsti loadi ofi intensityi 0.1i kg/cm2
i wasi appliedi andi startedi thei stopi watchi simultaneously.i Thei diali 

gaugei readingsi werei recordedi ati variousi timei intervals.i Thei readingsi recordedi untili morei thani 90%i 

consolidationi wasi reached.i Ati thei endi ofi thei period,i specifiedi diali readingsi andi timei readingsi werei 

taken,i thei loadi intensityi wasi doubledi andi thei diali readingsi ati variousi timei intervalsi wasi taken.i Thisi 

procedurei wasi repeatedi fori successivei loadi increments.i Afteri thei lasti loadingi wasi completed,i thei 

loadi wasi reducedi andi thei valuei ofi thei lasti loadi wasi allowedi toi standi fori 24i hrs.i  

Thei loadi wasi furtheri reducedi toi thei previousi intensityi tilli ani intensityi ofi 0.1i kg/cm2
i wasi reached.i Thei 

finali readingi ofi thei diali gaugei wasi recorded.i Thei loadi wasi reducedi toi thei initiali load,i kepti fori 24i hoursi 

andi thei finali readingsi ofi thei diali gaugei werei noted.i Thei specimeni assemblyi wasi dismantledi andi thei 

excessi wateri oni thei soili specimeni ini oveni wasi removedi andi thei dryi weighti ofi thei samplei wasi noted. 

i i  

 

 

 

i i i  
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CHAPTERi FOUR 

i 4.0i ANALYSIS,i DISCUSSIONi ANDi PRESENTATIONi OFi RESULTSi  

Thisi chapteri presentsi results,i conventionali BSi fall-conei liquidi limit,i threadi rollingi plastici limiti 

consistencyi limit,i andi quasi-statici conei penetrationi testsi arei analyzedi andi discussed.i Also,i thei  

analysisi isi concernedi withi thei derivationi ofi empiricali relationshipsi betweeni Atterbergi limitsi andi 

quasi-statici conei penetrationi testsi andi theiri subsequenti usei fori laboratoryi compressioni indexi 

determination.i Thei developmenti ofi alternativei plasticityi indexi parametersi basedi oni quasi-statici 

conei penetrationi testsi willi providei upperi andi loweri strengthi indicesi similari toi thei conventionali BSi 

1377i liquidi limiti (LL)i andi plastici limiti (PL).i  

4.1i FALL-CONEi TESTSi  

Fall-conei testsi werei conductedi fori 51i testi soilsi samplesi fromi districtsi ofi Masaka,i Mpigii andi Luwero.i 

Fall-conei testsi werei conductedi ini accordancei withi thei BSi 1377-2:i 1990i procedure,i generallyi overi 

entirei liquidi limiti rangesi ofi thei soilsi ini 95i cm3
i specimeni cupsi withi thei conei lightlyi oiledi toi minimizei 

effectsi ofi adhesion.i Thei liquidi limiti (LL)i wasi recordedi fori eachi ofi thei 51i soili samplesi andi resultsi 

enteredi ini Tablei 4.6.i  

Fromi Tablei 4.1i andi Figurei 4.1,i 11i ofi alli thei 51i samplesi (22%)i testedi soilsi layi withini thei lowi plasticityi 

i.ei liquidi limitsi lessi thani 35i %,i 40i ofi thei 51i samplesi (78%)i ofi thei testedi soili samplei layi withi ini 

intermediatei i.ei liquidi limitsi betweeni 35i -i 50i %i andi nonei ofi thei 51i testedi soili samplei layi withini highi 

plasticityi (ofi liquidi limitsi greateri thani 50i %)i soilsi classificationi accordingi toi BSi 14688-i 2:i 2004. 

i  
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Tablei 4.1:i showingi alli thei samplesi soilsi werei classifiedi withi Unifiedi Soili Classificationi System 

Samplei Name Soili Classificationi  

Unifiedi Soili Classificationi 

System 

C4 CL-MLi (Silti clayi withi sand) 

C6 CL-MLi (siltyi clay) 

C5 CLi (Leani Clayi withi sand) 

K2 CLi (Leani clay) 

K12 CL-MLi (Sandyi siltyi Clay) 

R5 CLi (Sandyi Leani Clay) 

A5 CLi (Sandyi Leani Clay) 

K1 CLi (Leani Clayi withi Sand) 

S6 CLi (Leani Clayi withi sand) 

A4 CLi (Gravelyi leani clay) 

R7 CLi (Leani Clayi withi Sand) 

R1 CLi (Leani Clay) 

K10 CLi (Leani Clayi withi Sand) 

K11 CLi (Sandyi Leani Clay) 

A3 CLi (Leani Clayi withi Sand) 

C1 CLi (Sandi Leani Clayi withi Gravel) 

C2 CLi (Sandyi Leani Clay) 

C3 CL-MLi (Sandyi siltyi Clay) 

K16 CLi (Gravelyi leani clay) 

R2 CLi (Leani Clayi withi Sand) 

k22 CLi (Leani Clayi withi sand) 

k23 CLi (Gravelyi leani clay) 

A6 CLi (Leani Clayi withi Sand) 

B4 CLi (Leani Clay) 

B5 CLi (Leani Clayi withi Sand) 

B6 CLi (Sandyi Leani Clay) 

B3 CLi (Leani Clayi withi Sand) 

R2 CLi (Sandi Leani Clayi withi Gravel) 

R3 CLi (Sandyi Leani Clay) 

A1 CLi (Leani Clayi withi Sand) 

Samplei Name Soili Classification 

Unifiedi Soili Classificationi 

System 
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A2 CLi (Leani Clayi withi sand) 

K5 CLi (Gravelyi leani clay) 

K6 CLi (Leani Clayi withi Sand) 

C7 CLi (Leani Clay) 

C8 CLi (Leani Clayi withi Sand) 

K9 CLi (Sandyi Leani Clay) 

K7 CLi (Leani Clayi withi Sand) 

N1 CLi (Sandi Leani Clayi withi Gravel) 

N2 CLi (Sandyi Leani Clay) 

N3 CLi (Sandyi Leani Clay) 

R6 CLi (Leani Clayi withi Sand) 

K4 CLi (Sandi Leani Clayi withi Gravel) 

K3 CLi (Sandyi Leani Clay) 

K8 CLi (Leani Clayi withi Sand) 

MK1 CLi (Leani Clayi withi sand) 

MK2 CLi (Gravelyi leani clay) 

MK3 CLi (Leani Clayi withi Sand) 

MK4 CLi (Leani Clay) 

B1 CLi (Leani Clayi withi Sand) 

R10 CLi (Leani Clayi withi Sand) 

B2 CLi (Sandi Leani Clayi withi Gravel) 

 

 

Figurei 4.1:Plasticityi charti showingi alli soilsi beingi classified  
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4.2i THREADi ROLLINGi  

Oni 51i soili samples,i threadi rollingi testsi fori plastici limitsi werei conductedi usingi thei testi methodi 

outlinedi ini parti 2i ofi BSi 1377,i 1990.i Fori eachi ofi thei testi soils,i ati leasti fouri testsi werei undertakeni andi 

thei averagei takeni asi thei conventionali plastici limit,i PL.i Fori alli thei testi soilsi thei PLi rangedi betweeni 11i 

andi 40,i andi arei presentedi ini Tablei 4.6.i  

4.3i PLASTICITYi INDEXi (PI)i i  

Resultsi ofi thei plasticityi index,i whichi representsi thei distinctioni betweeni thei liquidi andi plastici limits,i 

arei presentedi ini Tablei 4.6. 

4.4i QUASI-STATICi CONEi TESTSi i  

Thei resultsi ofi quasi-statici conei experiments,i fromi whichi quasi-statici liquidi andi plastici limits,i arei 

presentedi ini thisi section.i Alsoi presentedi arei resultsi ofi preliminaryi investigationsi oni quasi-statici 

conei penetrationi loadi versusi depthi relationshipsi asi showni ini Tablei 4.4.i  

4.5i COMPRESSIONi INDEXi FORi SOILSi  

Alli 51i samplesi underwenti thei Oedometeri test,i thei detailsi ofi whichi arei describedi ini Chapteri 3.i Thei 

compressioni indexi wasi determinedi fromi thei Oedometeri testi andi thei resultsi arei tabulatedi ini thei Tablei 

4.6 

4.6i PRELIMINARYi TESTSi i  

4.6.1i Accuracyi ofi Quasi-Statici Equipmenti  

Thei quasi-statici equipmenti wasi testedi fori itsi accuracyi (Standardization).i Thisi wasi donei byi 

comparingi thei LLi valuesi ofi thei falli conei apparatusi andi thati ofi thei quasi-statici equipment.i Thesei 

werei foundi toi bei ini agreementi fori thei samei samplei ofi soili asi showni ini Tablei 4.2.i  
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Tablei 4.2:i Testingi accuracyi ofi quasii statici equipmenti fori Liquidi Limiti LLi  

Samplei Testi Noi  
 Falli conei testi  

(LL)i valuesi  

Quasii statici 

equipmenti  

 
Percentagei accuracyi  

 1 36.2  36.4 99% 

 2 40.8  40.1 98% 

3 42.3 42.7 99% 

4 38.7 38.1 98% 

5 44.6 44.3 99% 

 

Tablei 4.3:i Testingi accuracyi ofi quasii statici equipmenti fori Plastici Limiti PLi  

Samplei Testi Noi  

  Falli conei testi  

(PL)i valuesi  

Quasii statici 

equipmenti  

 Percentagei 

accuracyi  

 1  15.8  16.2 98% 

 2  14.5  13.7 94% 

 3  17.4  16.3 94% 

 4  12.8  13.5 95% 

 5  16.5  15.6 95% 

i  

4.6.2i Quasi-statici Conei Testsi fori Finei Soilsi i  

Thei 51i soilsi werei testedi usingi quasi-statici conesi ini variousi plastici ranges.i Thei resultsi fori ai typicali 

soili samplei R3i arei tabulatedi ini Tablei 4.4i andi ai samplei graphi isi plottedi ini Figurei 4.2i andi Figurei 4.3i fori 

soili samplei R3i ati moisturei contenti 41%i whichi isi ani examplei ofi thei samplei thati wasi tested.i Otheri 

samplesi resultsi arei attachedi ini thei appendixi A.i  
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4.6.3i Determinationi ofi Appliedi Forcei vsi Depthi andi Depth2
i  

Fori alli samplei tested,i ai ploti ofi forcei vsi depthi ofi penetrationi andi forcei vsi depth2
i ofi penetrationi wasi 

producedi fori alli thei 51i samplesi andi samplei graphsi arei plottedi asi ini Figurei 4.2i andi Figurei 4.3.i Thei 

graphi ofi appliedi forcei vsi depthi ofi penetrationi squaredi werei foundi toi bei morei accuratei andi thereforei 

werei adoptedi andi thei resti ofi thei graphsi arei giveni ini appendixi A.i Thisi isi ini linei withi thei findingsi ofi 

Koumotoi andi Houlsby'si studyi fromi 2001,i whichi claimsi thati thei usei ofi expressionsi fori determiningi 

indexi strengthi isi basedi oni thei linearityi assumptioni ofi thei relationshipsi betweeni penetrationi loadi andi 

depthi squared.i  

Fori somei ofi thei soilsi iti isi observedi thati somei ofi thei loadsi versusi depthi squaredi relationshipsi arei noti 

entirelyi linear.i Thisi mayi be,i amongi otheri factors,i attributedi toi thei loadi recordingi mechanismi (load-

cell)i ofi thei quasi-statici conei devices.i However,i eveni withi thei curvaturei ini thei loadi versusi depthi 

squaredi relationships,i lineari regressioni curvesi indicatedi correlationi factorsi (R)i generallyi abovei 

0.92.i  

Tablei 4.4:i Appliedi forcei againsti penetrationi depthi di andi d2
i  

Depthi ofi penetration(d)i mm i Depthi d2 Appliedi force 

0 0.0 0 

2.5 6.3 18.4 

6.4 41.0 34.29 

12.3 151.3 46.32 

19.1 364.8 57.96 

22.6 510.8 85.18 

30.3 918.1 110.1 

33.7 1135.7 145.73 
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Figurei 4.2:i Ai graphi ofi Appliedi forcei (N)i vsi Penetrationi depth2
i (mm)i  
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Figurei 4.3:i Ai graphi ofi Appliedi forcei (N)i vsi Penetrationi depthi (mm)i i  

4.6.4i Determinationi ofi Appropriatei Depthi  

Ai ploti ofi forcei peri samplei fori alli thei 51i samplesi wasi madei asi showni ini figurei 4.4i andi figurei 4.5i ati 

10mm,i 20mmi andi 30mmi depthi ofi penetrationi oni thei samei graph.i Thei aimi wasi toi determinei whichi ofi 

thesei penetrationi depthsi isi consistenti andi thereforei appropriate. 

Fromi figuresi 4.4i andi 4.5,i iti isi seeni thati thei valuesi fori 20mmi penetrationi isi thei mosti approximatei fori 

thei straighti horizontali line. 
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Asi ai result,i thei determinationi ofi thei liquidi limiti andi plastici limiti isi besti donei ati ai penetrationi depthi ofi 

20i mm. 

Thei usei ofi statici penetrationi loadi eliminatesi thei needi fori extrapolationi toi largeri loads,i suchi asi 80i gfi 

requiredi ini earlieri approachesi (Stonei andi Kyambaddei 2005i andi 2007).i Thei penetrationi loadi 

associatedi withi ai depthi ofi 20mmi isi establishedi byi ai linei drawni verticallyi oni horizontali axisi towardsi 

thei slopei linei andi isi correspondenti toi thei linei drawni horizontallyi towardsi thei verticali axisi 

interpolationi fromi Appliedi forcei versusi depthi squaredi (d2)i relationshipi fori ai quasi-statici conei testi 

conductedi ati plastici andi liquidi limiti ofi ai cohesivei soil.i i i i  

4.6.5i Quasi-statici Conei Penetrationi Loadi fori Depthi 20mmi i i  

Appropriatei penetrationi depthsi associatedi withi thei quasi-statici conei penetrationi loadsi werei 

employedi ini orderi toi evaluatei alternativei atterbergi limiti parametersi fromi quasi-statici conei testsi thati 

arei directlyi similari toi thei traditionali fall-conei liquidi limiti (LL)i andi threadi rollingi plastici limiti (PL).i 

Thei penetrationi depthi associatedi withi thei quasi-statici loadi wasi obtainedi byi interpolationi fromi 

quasi-statici conei loadi versusi depthi squaredi relationshipsi illustratedi ini thei graphi ofi Figurei 4.2i andi 

Appendixi A.i  

Fori thei entirei 51i testi soils,i thei quasi-statici conei loadi versusi depthi ati plastici relationshipsi arei 

presentedi ini thei graphi ofi Figurei 4.3;i fromi whichi thei loadi associatedi withi depthi ati 20mm,i werei 

determinedi andi ai summaryi ofi forcesi ati ai giveni depthi peri samplei isi presentedi ini thei Tablei 4.5i  
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Tablei 4.5:i Quasi-Statici Forcei ati giveni Depthi  

Noi ofi 

Sample 

Samplei 

Name 

Penetrationi depthi @i d2
i fori Pl Penetrationi depthi @i d2

i fori LL 

100mm 400mm 900mm 100mm 400mm 900mm 

1 k23 256 1021 2296 23 62 116 

2 k22 533 1012 1810 31 62 113 

3 R2 362 1021 2120 37 61 101 

4 MK4 465 1035 1986 41 66 108 

5 MK3 551 1030 1828 39 64 106 

6 MK2 501 1030 1912 37 65 111 

7 MK1 427 1031 2037 41 64 103 

8 K12 262 953 2105 30 55 97 

9 K11 471 1013 1915 37 60 99 

10 N3 288 1027 2258 35 64 112 

11 N2 340 1008 2121 27 63 123 

12 N1 444 1030 2007 38 64 107 

13 K9 331 1025 2182 32 61 109 

14 C8 557 1042 1850 42 62 96 

15 C7 536 1045 1894 33 63 113 

16 K6 557 1048 1866 38 65 111 

17 K5 572 1034 1804 35 60 103 

18 K2 561 990 1706 31 58 104 

19 C5 329 989 2089 33 55 92 

20 C6 355 940 1915 22 53 104 
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Noi ofi 

Sample 

Samplei 

Name 

Penetrationi depthi @i d2
i fori Pl Penetrationi depthi @i d2

i fori LL 

100mm 400mm 900mm 100mm 400mm 900mm 

21 C4 471 985 1842 23 54 105 

22 K1 457 995 1891 23 51 97 

23 C3 474 996 1867 35 58 96 

24 C2 564 1011 1757 35 60 101 

25 C1 496 1010 1869 30 57 103 

26 R10 525 1061 1955 35 64 112 

27 K16 546 1025 1824 25 61 120 

28 K10 473 1011 1907 33 57 97 

29 S6 460 1002 1905 32 58 102 

30 R11 469 1013 1920 32 59 104 

31 R1 472 1019 1931 29 61 114 

32 B4 477 1034 1962 20 65 140 

33 B6 494 1049 1973 38 65 111 

34 B5 475 1039 1979 36 63 109 

35 R7 613 1023 1706 32 64 117 

36 B3 575 1044 1825 32 60 106 

37 B2 370 1064 2221 19 63 137 

38 B1 623 1082 1847 33 63 113 

39 K7 661 1012 1596 36 63 107 

40 K8 617 1028 1713 32 64 118 



39 
 

Noi ofi 

Sample 

Samplei 

Name 

Penetrationi depthi @i d2
i fori Pl Penetrationi depthi @i d2

i fori LL 

100mm 400mm 900mm 100mm 400mm 900mm 

41 K3 507 1036 1917 24 65 134 

42 K4 708 1026 1802 24 63 129 

43 R6 555 1058 1897 30 61 113 

44 A6 552 1035 1839 25 63 127 

45 A5 507 988 1790 28 55 101 

46 A4 614 1020 1697 32 60 106 

47 R5 417 980 1919 34 55 90 

48 A3 599 1010 1695 26 57 109 

49 A2 587 1024 1752 30 64 121 

50 A1 607 1030 1735 26 66 133 

51 R3 644 1034 1684 30 63 118 
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Figurei 4.4:i Ai graphi ofi forcei peri samplei penetratedi ati ai giveni depthi ofi plastici limit.i  
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Figurei 4.5:i Ai graphi ofi forcei peri samplei penetratedi ati ai giveni depthi ofi liquidi limit.i  

Thei reasoni fori ai referencei penetrationi depthi ofi 20mmi isi basedi oni Figurei 4.4i andi Figurei 4.5,i whichi  

showsi forcesi penetratedi ati ai giveni depth.i Thei resultsi indicatei thati therei isi ai largei variationi ini thei 

forcesi ati penetrationi depthi ofi 30mmi andi 10mmi buti ati 20mmi therei isi ani observablei consistencyi ini thei 

forcesi fori alli thei soili samplesi thati werei testedi andi alsoi thei depthi ofi thei BSi 1377i fall-cone,i enablingi 

estimationi ofi alternativei quasi-statici cone-basedi indexi parametersi thati mayi bei directlyi comparablei 

toi thei fall-conei liquidi limiti (LL).i i i  
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4.7i ANALYSISi i i i  

Analysesi ofi thei resultsi arei presentedi ini thisi sectioni andi thei experimentali testingi programmei reportedi 

fromi Figurei 4.1i toi Figurei 4.8.i Thei analysisi isi concernedi with:i  

I. Thei developmenti ofi alternativei methodi fori determiningi Atterbergi limitsi basedi oni quasi-

statici conei penetrationi testsi whichi providei upperi andi loweri strengthi indicesi similari toi thei 

conventionali BSi 1377i liquidi limiti (LL)i andi plastici limiti (PL)i  

II. Toi developi thei empiricali relationshipi betweeni conventionallyi derivedi consistencyi limitsi 

andi Compressioni Index.i i i  

III. Toi developi thei empiricali relationshipi betweeni Quasii statici conei Penetrationsi andi 

Compressioni Index.i i  

Tablei 4.6:i Atterbergi limits,i Compressioni Indexi andi Quasi-statici forcei  

Samplei 

Name 

Liquidi 

Limit(LL) 

Plastici 

Limiti 

(PL) 

Plasticityi 

Indexi i i i i i i i i i i i i i i 

(i PI) 

CI Quasi-statici conei tests Predictedi 

PL 

Predictedi 

LL 

Predictedi 

PI 

Predictedi 

CI (plastici 

limit)Forcei 

ati 20mm 

(liquidi 

limit)Forcei 

ati 20mm 

C4 24.9 19.4 5.6 0.296 985 54 20.1 27.7 7.6 0.314 

C6 24.8 17.9 7 0.2879 940 54 19.4 27.6 8.1 0.312 

C5 31.6 22.3 9.3 0.345 989 55 23.0 34.5 11.5 0.364 

K2 32.2 22.3 9.9 0.3456 990 58 23.0 33.3 10.3 0.357 

K12 26.8 20.2 6.6 0.3098 953 55 21.6 29.2 7.6 0.328 

R5 28.9 21.5 7.4 0.3324 980 55 22.4 31.5 9.1 0.344 

A5 29.7 22.3 7.4 0.3456 988 55 23.0 32.4 9.4 0.351 

K1 32.9 23 9.9 0.3545 995 51 23.6 38.7 15.1 0.391 

S6 34.8 23.7 11.1 0.3678 1002 58 24.1 36.0 11.9 0.376 

CI Quasi-statici conei tests  
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Samplei 

Name 

Liquidi 

Limit(LL) 

Plastici 

Limiti 

(PL) 

Plasticityi 

Indexi i i i i i i i i i i i i i i 

(i PI) 

(plastici 

limit)Forcei 

ati 20mm 

(liquidi 

limit)Forcei 

ati 20mm 

Predictedi 

PL 

Predictedi 

LL 

Predictedi 

PI 

Predictedi 

CI 

A4 38.1 24.9 13.1 0.389 1020 60 24.9 38.1 13.2 0.391 

R7 39 23.5 15.5 0.3987 1023 64 23.4 36.6 13.1 0.378 

R1 38.5 25.3 13.2 0.3956 1019 61 25.3 37.9 12.5 0.391 

K10 34.4 24.4 10 0.3797 1011 57 24.6 36.2 11.6 0.379 

K11 37.3 25 12.3 0.3867 1013 60 25.2 37.3 12.1 0.387 

A3 37.1 24.7 12.4 0.3852 1014 57 24.8 39.1 14.2 0.397 

C1 36.3 25 11.3 0.3789 1010 57 25.2 38.2 13.0 0.393 

C2 35.6 23.6 12 0.3665 1011 60 23.8 35.6 11.8 0.373 

C3 31.3 25 6.3 0.3568 996 58 25.6 32.4 6.8 0.359 

K16 37.1 22 15.1 0.3921 1025 61 21.9 36.5 14.6 0.373 

R2 35.9 24.2 11.7 0.3762 1021 62 24.2 34.7 10.6 0.369 

k22 38.3 25.1 13.2 0.3915 1011.8 62 25.3 37.1 11.8 0.386 

k23 37.4 25.2 12.2 0.3945 1021 62 25.2 36.2 11.0 0.381 

A6 39.3 25.8 13.5 0.4012 1035 63 25.4 37.4 12.0 0.389 

B4 40.3 26.5 13.8 0.4156 1034 65 26.1 37.2 11.1 0.390 

B5 42.8 27.2 15.6 0.4267 1039 63 26.7 40.8 14.1 0.413 

B6 44.2 27.8 16.4 0.4368 1049 65 27.0 40.8 13.8 0.414 

B3 43.5 26 17.5 0.4321 1044 60 25.4 43.5 18.1 0.425 

R11 40.2 26 14.2 0.4079 1021 61 26.0 39.5 13.6 0.403 

R3 38.5 27.7 10.8 0.4029 1034 63 27.3 36.7 9.3 0.390 

A1 41.4 26.6 14.9 0.4167 1030 66 26.3 37.6 11.3 0.393 

CI Quasi-statici conei tests  
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Samplei 

Name 

Liquidi 

Limit(LL) 

Plastici 

Limiti 

(PL) 

Plasticityi 

Indexi i i i i i i i i i i i i i i 

(i PI) 

(plastici 

limit)Forcei 

ati 20mm 

(liquidi 

limit)Forcei 

ati 20mm 

Predictedi 

PL 

Predictedi 

LL 

Predictedi 

PI 

Predictedi 

CI 

A2 42 25.9 16.1 0.4056 1024 64 25.8 39.4 13.6 0.402 

K5 41.8 26.7 15.1 0.4198 1034 60 26.3 41.8 15.5 0.418 

K6 43.4 27.9 15.6 0.4387 1048 65 27.2 40.1 12.9 0.410 

C7 42.4 27 15.4 0.4237 1045 63 26.4 40.4 14.0 0.409 

C8 42.4 27.9 14.5 0.4384 1042 62 27.3 41.0 13.7 0.416 

K9 39.4 26 13.4 0.4021 1025 61 25.9 38.8 12.9 0.398 

K7 43.2 27.3 15.9 0.4297 1012 63 27.5 41.1 13.6 0.417 

N1 40.3 26.1 14.2 0.4086 1030 64 25.8 37.8 11.9 0.392 

N2 40.2 26 14.2 0.4076 1008 63 26.3 38.3 12.0 0.397 

N3 40.2 26 14.2 0.4079 1027 64 25.8 37.7 11.9 0.392 

R6 46.1 29 17 0.4579 1058 61 28.0 45.3 17.4 0.444 

K4 39.9 25.9 14 0.4057 1026 63 25.7 38.0 12.3 0.393 

K3 41.3 26.5 14.8 0.4156 1035.5 65 26.1 38.1 12.0 0.395 

K8 40.1 26 14.1 0.4067 1028 64 25.8 37.6 11.8 0.391 

MK1 40.9 26.3 14.5 0.4125 1031 64 26.0 38.3 12.3 0.396 

MK2 41.7 26.2 15.4 0.4112 1030 65 25.9 38.5 12.5 0.397 

MK3 40.7 26.2 14.4 0.4111 1030 64 25.9 38.2 12.2 0.395 

MK4 41.7 27 14.7 0.4187 1035 62 26.6 40.4 13.7 0.410 

B1 47 29 18 0.4578 1082 62 27.3 45.5 18.1 0.443 

R10 47.2 29.1 18.1 0.4589 1061 64 28.0 44.3 16.3 0.437 

B2 46.9 29.5 17.4 0.4567 1064 63 28.3 44.7 16.4 0.441 
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4.7.1i 20mmi Depthi Quasi-Statici Conei Penetrationi Loadi ati LLi (LLqc)i  

Denotedi LLqc,i thei quasi-statici conei loadi associatedi withi LLi isi obtainedi fromi thei loadi versusi 

penetrationi depthi squaredi ati liquidi limiti ini figurei 4.2.i Fori 51i testi soils,i LLqci rangedi fromi 51i gfi toi 66i 

gf:i overalli averagingi abouti 60.88i gf.i Valuesi ofi LLqci arei summarizedi ini Tablei 4.6.i Thei abovei quasi-

statici forcei ofi 60.88i gfi isi approximatelyi similari toi Swedishi falli conei ofi 60gf.i Fromi thei experimentali 

resultsi wei statei thati thei LLqci isi thei quasi-Statici loadi associatedi LLi ati 60gfi andi cani bei denotedi byi 

QL60.i  

Therefore,i wei definei QL60i (Quasii statici liquidi limit)i asi thei moisturei contenti ini thei soili samplei ati 

whichi thei quasi-statici forcei ofi 60gfi cani penetratei ai soili samplei upi toi ai depthi ofi 20mm.i i  

4.7.2i 20mmi depthi Quasi-statici Conei Penetrationi loadi ati PLi (PLqc)i i  

Denotedi PLqc,i thei quasi-statici conei loadi associatedi withi PLi isi obtainedi fromi thei loadi versusi 

penetrationi depthi squaredi ati Plastici limiti ini Tablei 4.4.i Fori 51i testi soils,i PLqci rangedi fromi 940i gfi toi 

1082i gf:i overalli averagingi abouti 1020.93i gf.i Valuesi ofi PLqci arei summarizedi ini Tablei 4.6.i Wei cani 

statei thati thei PLqci isi 1020i gfi andi cani bei denotedi byi QP1020.i  

Therefore,i wei cani definei QP1020i (Quasii statici Plastici limit)i asi thei moisturei contenti ini thei soili samplei 

ati whichi thei quasi-statici forcei ofi 1020gfi cani penetratei ai soili samplei upi toi ai depthi ofi 20mm.i i  

4.7.3i Modeli 1;i Correlationi betweeni Compressioni indexi andi Liquidi limiti (LL).i  

Thei followingi singlei lineari equationi andi itsi relatedi coefficientsi representi thei regressioni studyi 

associatingi Compressioni Indexi withi LL.i  

CI=i 0.0072LL+0.118………………………………………….……………….i ….i Equationi 2i i  

Withi Ri =i 0.990,i R2
i =i 0.979.i  
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Thei statisticali output'si specificsi showi thati thei associationi betweeni liquidi limiti andi CIi hasi beeni 

developedi andi isi statisticallyi significanti (αi >i 0.05).i Thisi suggestsi thati LLi andi CIi havei ai significanti 

associationi fori alli soili samples.i Accordingi toi thei calculatedi Pearson'si correlationi coefficienti (R),i 

liquidi limiti isi ai reliablei indicatori ofi CI.i Accordingi toi thei findings,i asi showni ini Figurei 4.6,i thei liquidi 

limiti risesi asi thei compressioni indexi rises.i Thisi isi seeni ini thei Ofosui (2013)i andi Koki Shieni Ngi (2018)i  

andi ai greati numberi ofi studiesi havei showni thati therei isi ai relationshipi betweeni LLi andi CIi withi lessi 

uncertainties. 
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Figurei 4.6:i Showsi compressioni indexi againsti liquidi limiti  

4.7.4i Modeli 2:i Correlationi betweeni Compressioni Indexi andi Plastici Limiti (PL)i  

Thei followingi singlei lineari equationi andi itsi accompanyingi coefficienti describei thei regressioni 

analysisi afteri connectingi CIi withi PL. 
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R² = 0.9794
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CI=i 0.0153PLi +0.010……………………………………………..………….…...Equation3i i  

withi Ri =i 0.956,i R2
i =i 0.913.i i  

Therefore,i 95.6%i ofi thei variancei ini CIi cani bei accountedi fori byi PL.i Thei detailsi ofi thei statisticali out-

puti indicatei thati thei relationshipi developedi betweeni plastici limiti andi CIi isi statisticallyi significanti (αi 

>i 0.05).i Thisi impliesi therei isi ai relationshipi betweeni plastici limiti andi CI.i Thei Pearson’si correlationi 

coefficienti (R)i obtainedi indicatesi thati plastici limiti isi ai goodi predictori fori CI.i  

Thei graphsi indicatei therei isi ai significanti leveli ofi correlation.i Thisi meansi thati therei isi highi correlationi 

betweeni compressioni indexi andi plastici index.i Fromi thei graphi presentedi ini Figurei 4.7,i iti isi cleari thati 

plastici limiti increasesi withi ani increasei ini compressioni indexi asi seeni ini Ofosui (2013)i andi Koki Shieni 

Ngi (2018)i clayi soili exhibitsi thisi propertyi toi ai highi degreei withi highi Plastici limit.i Thisi mayi explaini 

whyi soili containingi highi plastici limit,i possessi highi compressioni index.i  
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Figurei 4.7:i showsi Graphi ofi Compressioni Indexi vsi Plastici Limit 
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i 4.7.5i Modeli 3:i Correlationi betweeni Compressioni Indexi andi Plasticityi indexi (PI)i  

Followingi CIi andi plasticityi indexi correlation,i thei regressioni analysisi isi giveni byi thei singlei lineari 

equationi andi itsi associatedi coefficienti asi followsi  

CI=i 0.0115PIi +i 0.245……………………………...………………………..……..Equationi 4i withi 

Ri =0.934,i R2
i =i 0.873.i i  

Therefore,i thei PIi cani predicti CIi variable.i Thei detailsi ofi thei statisticali out-puti indicatesi thati thei 

relationshipi developedi betweeni plasticityi indexi andi CIi isi significanti (αi >i 0.05).i Thisi suggestsi thati PIi 

andi CIi havei ai positivei association.i Thei Pearson’si correlationi coefficienti (R)i obtainedi indicatesi thati 

plasticityi indexi isi ai goodi predictori fori CI. 

Thei graphsi indicatei therei isi ai significanti leveli ofi correlation.i Thisi meansi thati therei isi highi correlationi 

betweeni compressioni indexi andi plasticityi index.i Fromi thei graphi presentedi ini Figurei 4.8,i iti isi cleari 

thati plasticityi indexi increasesi withi ani increasei ini compressioni index.i i i   
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Figurei 4.8:i showsi ai graphi ofi Compressioni indexi vsi Plasticityi indexi  
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4.7.6i Multiplei Lineari Regressioni Analysisi  

51i samplesi (ni =i 51)i werei subjectedi toi ai multiplei lineari regressioni analysis,i andi thei followingi resultsi 

werei attainedi afteri ai varietyi ofi potentiali predictori combinationsi werei tested.i Modeli 4:i Iti wasi donei toi 

correlatei thei CIi withi thei Plastici Indexi andi Plastici Limit.i Ai singlei lineari expressioni withi itsi matchingi 

coefficientsi makesi upi thei regressioni modeli thati wasi obtained. 

CI=i 0.006PIi +i 0.009PLi +0.088……………………….……………………………...Equationi 5i i  

withi R=0.993,i R2=i 0.985.i  

Thus,i predictingi 98.5%i ofi thei variancei ini CIi cani bei accountedi fori byi thei PIi andi PL.i Thei detailsi ofi thei 

statisticali out-puti indicatesi thati thei relationshipi developedi betweeni plasticityi index,i Plastici limiti 

andi CIi isi statisticallyi significanti (αi >i 0.05).i i  

4.7.7i Modeli 5:i  

Thei correlationi betweeni thei Plasticityi Index,i thei CI,i andi thei liquidi limiti wasi done.i Thei finali 

regressioni modeli isi ai singlei lineari expression,i andi thei relatedi coefficientsi arei asi follows.i i  

CI=i 0.0092LLi -i 0.0035PIi +i 0.0876…………………………………………………Equationi 6i i  

Withi Ri =i 0.0.993,i R2
i =i 0.985i i  

Thus,i predictingi 98.5%i ofi thei variancei ini CIi cani bei accountedi fori byi thei PIi andi LL.i Thei detailsi ofi thei 

statisticali out-puti indicatei thati thei relationshipi developedi betweeni plasticityi index,i liquidi limiti andi 

CIi isi statisticallyi significanti (αi >i 0.05).i i  

4.7.8i Modeli 6:i  

Correlationi betweeni CIi andi plastici limiti andi liquidi limiti wasi carriedi out.i  

Thei regressioni modeli thati wasi producedi isi ai singlei lineari expression,i andi itsi correspondingi 

coefficientsi arei giveni by 
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CIi =i 0.006LLi +i 0.004PLi +0.088……………………………………………………Equationi 7i i  

withi Ri =i 0.993,i R2
i =i 0.985.i  

Thusi predictingi 98.5%i ofi thei variancei ini CIi cani bei accountedi fori byi thei LLi andi PL.i Thei detailsi ofi thei 

statisticali out-puti indicatei thati thei relationshipi developedi betweeni plasticityi limit,i liquidi limiti andi cii 

isi statisticallyi significanti (αi <i 0.05).i i  

4.7.9i Modeli 7:i  

Correlationi betweeni CIi andi plastici limit,i Plasticityi Indexi andi liquidi limiti wasi carriedi out.i Thei 

resultingi regressioni modeli isi ai singlei lineari expression,i andi itsi correspondingi coefficientsi arei asi 

follows: 

CIi =i 0.0099PLi +i 0.0064PIi –i 0.0007LLi +i 0.0871…………………………………..…Equationi 8i  

i withi Ri =i 0.993,i R2
i =i 0.985.i  

Thusi predictingi 98.5%i ofi thei variancei ini CIi cani bei accountedi fori byi thei PI,i LLi andi PL.i Thei detailsi ofi 

thei statisticali out-puti indicatei thati thei relationshipi developedi betweeni plasticityi limit,i liquidi limiti 

andi cii isi statisticallyi significanti (αi <i 0.05). 

4.8i EMPIRICALi RELATIONSHIPi BETWEENi COMPRESSIONi INDEXi ANDi QUASIi 

STATICi CONSISTENCYi LIMITS.i  

Thei correlationi betweeni CIi consistencyi indicatei ai statisticallyi significanti relationship.i Empiricali 

relationshipsi werei developedi basingi oni replacingi quasii statici consistencyi limitsi withi 

conventionallyi derivedi consistencyi limitsi developedi ini equationsi 1i toi 6i asi follows;i  
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4.8.1i Modeli 8:i Empiricali Relationshipi betweeni Compressioni Indexi andi Quasii Statici Liquidi 

limits.i  

Fromi thei equationi 1,i CI=i 0.0072LLi +i 0.1186i thei empiricali relationshipi betweeni thei CIi andi quasii 

statici liquidi limiti wasi developedi asi showni ini equationi 9 

CIi =i 0.0072QL60+i 0.1186…………………………………………………...……...i Equationi 9 

wherei i  

CIi =i Compressioni Index.i  

QL60i =Quasii statici Liquidi limiti (Moisturei contenti ini thei soili samplei ati whichi thei quasi-statici forcei ofi 

60gfi penetratei thei soili samplei upi toi 20mm).i i i i  

However,i thisi wasi ai weaki relationshipi andi thereforei noti goodi toi predicti thei Compressioni Index.i  

4.8.2i Modeli 9:i Empiricali Relationshipi betweeni Compressioni Indexi andi Quasii statici Plastici 

Limits.i  

Fromi thei equationi 2;i CI=i 0.0153PLi +i 0.010i thei empiricali relationshipi betweeni thei CIi andi quasii 

statici plastici limiti wasi developedi asi showni ini Equationi 10 

i CIi =i 0.0153QP1020i +i 0.010i ………………………………………………………….i Equationi 10i  

Wherei i  

CI=i Compressioni Indexi  

QP1020=i Quasii statici plastici limiti (Moisturei contenti ini soili samplei ati whichi thei quasi-statici forcei ofi 

1020gfi penetratei thei soili samplei upi toi 20mmi i  

4.8.3i Modeli 10:i Empiricali Relationshipi betweeni CIi andi Quasii statici Plasticityi Index.i  

Fromi thei equationi 3;i CI=i 0.0115PIi +i 0.245i thei empiricali relationshipi betweeni thei CIi andi quasii statici 

plasticityi indexi wasi developedi asi showni ini Equationi 11 
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CI=i 0.0115QPIi +i 0.245i ………………………………………………………..…..Equation11i i  

Wherei i  

CIi =i Compressioni Index.i  

QPIi =i Quasii statici plasticityi indexi (QPI=QL60-QP1020)i  

4.8.4i Modeli 11:i Empiricali Relationshipi betweeni CI,i Quasii statici plastici limiti andi Quasii statici 

Plastici Index.i  

Fromi thei equationi 4;i CI=i 0.006PIi +i 0.009PLi +0.088i thei empiricali relationshipi betweeni thei CI,i  

QP1020i andi QPIi wasi developedi asi showni ini Equationi 12 

CIi =i 0.006QPIi +i 0.009QP1020i +i 0.088……………………………………….……Equation12i  

4.8.5i Modeli 12:i Empiricali Relationshipi betweeni CI,i Quasii statici Liquidi Limiti andi Quasii statici 

Plastici Index.i  

Fromi thei equationi 5;i CI=i 0.0092LLi -i 0.0035PIi +i 0.0876i thei empiricali relationshipi betweeni thei  

CI,i QP1020i andi QPIi wasi developedi asi showni Equationi 13 

CIi =i 0.0092QL60i -i 0.0035QPIi +i 0.0876……………………………………………..Equation13i  

4.8.6i Modeli 13:i Empiricali Relationshipi betweeni CI,i Quasii statici Liquidi Limiti andi Quasii statici 

Plastici Limit.i  

Fromi thei equationi 6;i CIi =i 0.006LLi +i 0.004PLi +i 0.088i i i thei empiricali relationshipi betweeni thei  

CI,i QP1020i andi QL60i wasi developedi asi showni Equationi 14i  

CI=i 0.005QP1020i +i 0.006QL60i +0.088……………………………………………….i Equation14i  
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4.8.7i Modeli 14:i Empiricali Relationshipi betweeni CI,i Quasii statici Liquidi Limit,i Quasii statici 

Plasticityi Indexi andi Quasii statici Plastici Limit.i  

Fromi thei equationi 6;i CIi =i 0.0099PLi +i 0.0064PIi –i 0.0007LLi +i 0.0871thei empiricali relationshipi 

betweeni thei CI,i QP1020,i QPIi andi QL60i wasi developedi asi showni Equationi 15i i  

CI=i 0.0099QP1020i +i 0.0064QPIi -i 0.007QL60i +0.088………………………………...Equation15i  

Tablei 4.7:i Showsi thei Correlationi betweeni Compressioni indexi andi thei Atterbergi limits 

i  CI 

Liquidi Limiti 

(LL) 

Plastici Limiti 

(PL) 

Plasticityi Indexi i 

i i i i i i i i i i i i i (i PI) 

CI 1 i 0.98975 i 0.95578 i 0.93442 

Liquidi Limiti (LL) 0.98975 1 i 0.9396104 i 0.9641915 

Plastici Limiti (PL) 0.95578 0.9396104 1 i 0.815303985 

Plasticityi Indexi (i PI) 0.93442 0.9641915 0.815303985 1 

 

Eachi celli ini thei Tablei 4.7i clearlyi showsi ai Correlationi Coefficienti betweeni twoi specifici variables,i 

whichi arei strongi andi positive.i Thei tablei alsoi showsi youi thati thei strongesti correlationi isi betweeni 

Compressioni indexi andi Liquidi limit,i whichi isi 0.98975i andi indicatei ai positivei correlation.i Oni thei 

diagonali ofi thei tablei 4.7,i therei existsi ai correlationi coefficienti 1,i whichi simplyi meansi thati alli thei 

parameteri stronglyi correlatei toi eachi otheri positively. 
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Figurei 4.9:i Showi ai Comparisoni ofi resultsi ofi Oedometeri testi andi Quasi-Statici Tests 
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Figurei 4.10:i showsi comparisoni betweeni predictedi CIi andi Determinedi CI 

Figurei 4.9i showsi thei performancei ofi eachi samplei betweeni predictedi CIi andi Determinedi CI.i Thei besti 

performancei wasi observedi toi bei samplei K5i andi thei worsti performancei wasi alsoi observedi toi bei fromi 

samplei K6.i Therefore,i samplei K5i cani bei consideredi asi optimumi valuei fori Quasi-statici conei test.i 

Andi Figurei 4.10i showsi thei relationshipi betweeni determinedi CIi andi predictedi CIi valuesi obtainedi 

fromi Oedometeri testi andi Quasi-Statici Approachi respectively.i Thei modeli showsi ai veryi goodi 

correlationi betweeni Predictedi CIi andi Determinedi CIi andi clearlyi showsi thati Predictedi CIi cani bei usedi 

toi determinei Laboratoryi resultsi withi ai goodi prediction. 
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Tablei 4.8:i Showsi thei resultsi fromi RSVi Consultants 

 

Tablei 4.8i belowi showsi resultsi fromi RSVi consultantsi ini comparisoni withi thei Quasii statici resultsi ofi 

compressioni index.i Threei ofi thei samplesi whichi includei A,i Ei andi Ii indicatedi thati therei wasi ai bigi 

differencei fromi thei quasi-statici resulti ini relationi withi resultsi fromi RSVi howeveri 7i samplesi showedi 

ai slighti similarityi ofi results.i Basedi oni thei resultsi ini Tablei 4.8,i thisi showsi thati ofi thei threei samplesi thei 

differencei ini resultsi couldi havei beeni duei toi humani errorsi associatedi withi thei threadi rollingi hencei 

quasii statici gavei morei accuratei results.i Figurei 4.12i showsi thei performancei ofi eachi samplei betweeni 

predictedi CIi andi Determinedi CIi fromi RSVi laboratory.i Thei besti performancei wasi observedi bei 

samplei Bi andi Di andi thei worsti performancei wasi alsoi observedi toi bei ofi samplei E.i Andi Figurei 4.11i 

Samplei Testi 

No 

LL PL PI CI 

QUASIi 

STATICi CIi 

(Usingi 

Equationi 12) DIFF 

i Percentagei 

Variation 

A 44.7 35.1 9.6 0.434 0.4615 0.0275 6% 

B 37.2 24.8 12.4 0.386 0.3856 0.0004 0% 

C 33.5 24.4 9.1 0.360 0.3622 0.002 1% 

D 33.5 23.4 10.1 0.358 0.3592 0.0012 0% 

E 43.5 30.3 13.2 0.390 0.4399 0.050 13% 

F 30.4 20.4 10 0.3422 0.3316 0.0106 3% 

G 27.4 21.7 5.7 0.3244 0.3175 0.0069 2% 

H 38.2 25.5 12.7 0.3982 0.3937 0.0045 1% 

I 45.5 31.8 13.7 0.413 0.4564 0.043 11% 

J 42.9 27.4 15.5 0.4355 0.4276 0.0079 2% 
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showsi thei relationshipi betweeni determinedi CIi andi predictedi CIi valuesi obtainedi fromi Oedometeri 

testi andi Quasi-Statici Approachi respectively.i Thei modeli showsi ai veryi goodi correlationi betweeni 

Predictedi CIi andi Determinedi CIi andi clearlyi showsi thati Predictedi CIi cani bei usedi toi determinei 

Laboratoryi resultsi withi ai goodi prediction. 

 

Figurei 4.11:i showsi comparisoni betweeni Determinedi CIi andi Predictedi CIi fromi quasi-static 

CI = 0.6747CIq + 0.1186

R² = 0.8446
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Figurei 4.12:i Showi ai simulationi resulti fori CIi fromi Quasii statici andi RSVi consultants 
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Tablei 4.9:i Comparisoni betweeni Quasi-statici approachi andi Oedometeri test.i  

Comparisons Oedometeri Test Quasi-statici Approach 

Time Thei experimenti tooki 5i daysi toi testi ai 

sample 

Alli thei 51i samplesi werei testedi oni 

thei samei day 

Cost Eachi samplei requiredi 

Ushs160,000/=i toi bei tested 

Thei machinei onlyi costedi 

Ushs1,500,000/=i toi fabricatei andi 

use. 

Accuracy Thei Oedometeri testi wasi veryi  

accurate 

Quasi-statici wasi veryi accuratei asi 

well 

Stress-straini 

effectsi  

Therei werei morei chancesi thati 

Stress-straini effectsi affectedi thei 

samplei duringi bothi ati preparationi 

andi ati testingi stagesi ofi thei sample. 

Quasi-statici approachi isi noti 

affectedi byi Stress-straini effects. 

 

Fromi thei tablei 4.9i showsi thei comparisoni betweeni thei Quasi-statici approachi andi Oedometeri test.i 

Thei Oedometeri testi hasi shortcomingsi ini termsi ofi beingi expensive,i timei consumingi andi alsoi iti hasi 

chancesi thati stress-straini effectsi willi bei experiencedi ini thei samplei duringi testingi andi samplei 

preparationi fori thei experiment.i Somei studiesi havei correlatedi Atterbergi limitsi withi compressioni 

indexi howeveri thei Atterbergi limitsi havei alsoi shorti comingi whichi includei stress-straini effectsi affectsi 

thei liquidi limits,i inaccuraciesi duringi threadi rollingi fori plastici limit.i Thisi affectsi thei generali outcomei 

ofi thei compressioni index.i Quasi-statici Approachi addressesi alli thei abovei limitations.i i  
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4.8.8i Comparisoni ofi thei developedi empiricali equationi withi previousi equationsi  

Thei followingi empiricali equationsi werei developedi asi ai resulti ofi studyi byi Ofusoi (2013)i andi Koki 

Shieni Ngi et,i ali (2018).i Ofusoi 2013i establishedi ani estimationi ofi compressioni indexi fromi physicali 

propertiesi ofi weatheredi Birimiani phyllites;i CIi =i 0.004i -0.03i equationi 16;i withi R2
i =0.784i andi Koki 

shieni Ngi et,i ali (2018)i establishedi ai predictioni ofi consolidationi characteristicsi fromi indexi properties;i 

CIi =i 0.0062LLi +i 0.0165i equationi 17,i R2
i =i 0.9241.i Thei abovei equationsi werei comparedi withi thei 

developedi equationi (12)i asi showni ini Tablei 4.9i andi Figurei 4.13i byi usingi testedi resultsi goti fromi RSVi 

engineeringi Laboratory.i Basedi oni thei analysisi ofi thei resultsi ini Tablei 4.9,i thei followingi observationsi 

werei made;i Iti wasi observedi thati thei currenti empiricali equationi developedi (12)i wasi morei accuratei 

withi ani 3.34%i averagei variationi ini resultsi underi considerationi comparedi toi otheri equationsi iei 

equationi (16)i hadi ani averagei variationi ofi 69%,i equationi (17)i withi ani averagei variationi ofi 35%.i  
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Tablei 4.10:i showsi thei comparisoni betweeni thei Quasi-Statici Approachi andi thei recenti Approachesi  

Samplei 

Name 

Liquidi 

Limiti 

(LL) 

Plastici 

Limiti 

(PL) 

Plasticityi 

Indexi i i i i i i i i i i i 

i i i (i PI) 

CI 

Predictedi 

CIi fromi 

Quasi-statici 

approach 

Percentagei 

Variation 

Ofusoi (2013)i 

Approachi 

CI=0.004(LL-

7.5) 

Percentagei 

Variation 

Koki Shieni 

Ng(2018)i 

(CI=0.0062LLi 

+0.0165) 

Percentagei 

Variation 

A 44.7 35.1 17.6 0.434 0.5095 17.40% 0.1488 66% 0.29364 32% 

B 37.2 24.8 12.4 0.386 0.3856 -0.10% 0.1188 69% 0.24714 36% 

C 33.5 24.4 9.1 0.360 0.3622 0.61% 0.104 71% 0.2242 38% 

D 33.5 23.4 10.1 0.358 0.3592 0.34% 0.104 71% 0.2242 37% 

E 43.5 30.3 13.2 0.390 0.4399 12.79% 0.144 63% 0.2862 27% 

F 30.4 20.4 10 0.3422 0.3316 -3.10% 0.0916 73% 0.20498 40% 

G 27.4 21.7 5.7 0.3244 0.3175 -2.13% 0.0796 75% 0.18638 43% 

H 38.2 25.5 12.7 0.3982 0.3937 -1.13% 0.1228 69% 0.25334 36% 

I 45.5 31.8 13.7 0.413 0.4564 10.51% 0.152 63% 0.2986 28% 

J 42.9 27.4 15.5 0.4355 0.4276 -1.81% 0.1416 67% 0.28248 35% 

Averagei 

Variationi  
i  i  i  i  i  3.34% 

i  69% 
i  35% 
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Figurei 4.13:i showsi ai graphi ofi predictedi CIi ofi differenti approachesi againsti CIi fromi Oedometeri 

Test 
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CHAPTERi FIVE 

CONCLUSIONi ANDi RECOMMENDATION 

5.1i INTRODUCTIONi i i  

Thisi chapteri containsi twoi sectionsi namelyi conclusioni andi recommendation.i Conclusioni providesi majori 

findingsi ofi thei researchi ini ai concisei manneri basedi oni objectivesi andi givesi succincti answeri toi eachi 

specifici objective.i Thei i i conclusioni isi giveni ini logic,i contextualizedi andi workablei suggestioni fori eachi 

specifici objective.i i  

5.2i RESEARCHi SUMMARYi i i  

Thisi researchi seti outi toi addressi limitationsi ofi thei currenti approachesi usedi toi determinei thei Compressioni 

indexi andi consistencyi limitsi throughi testing.i Thesei limitationsi arei summarizedi asi followsi i i  

➢ Penetrationi ratei effectsi ini fall-conei tests,i i i  

➢ Reliabilityi associatedi withi thei threadi rollingi plastici limiti test,i i i  

➢ Healthi andi safetyi issuesi ini handlingi contaminatedi material,i  

➢ Timei takeni ini carryingi outi compressioni indexi test.i i  

Fromi thei experimentali programmei andi analyses,i significanti conclusionsi concerningi thei applicationi ofi 

quasi-statici conei penetrationi testsi fori thei strengthi andi indexi testingi ofi cohesivei soilsi cani bei made.i i  

5.3i CONCLUSIONSi i i  

Thei findingsi ledi toi thei followingi conclusions,i whichi werei restrictedi toi thei samplei sizesi andi soilsi 

examinedi ini thisi study.i i Thei databasei ofi soili samplesi comprisedi 51i soilsi ini total.i Alli 51i soilsi samplesi 

werei usedi ini determiningi Compressioni Index,i plastici limiti andi liquidi limitsi basedi oni bothi 

conventionallyi derivedi methodsi andi plastici andi liquidi limitsi usingi quasi-statici conei tests.i  

Thei researchi program'si findingsi cani bei summedi upi asi follows: 

Ani alternativei quasi-statici conei plastici limiti (PLqc)i wasi suggested;i iti isi definedi asi thei amounti ofi moisturei 

correspondingi toi ai 20i mmi quasi-statici conei penetrationi depthi fori ai 1020i gfi penetrationi force,i andi 
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roughlyi relatesi toi thei traditionali threadi rollingi plastici limiti fori thei 51i soilsi used.i Upi toi 97.9%i accuracyi 

thusi confirmingi reliabilityi ofi thei quasi-statici method.i i  

Ani alternativei quasi-statici conei liquidi limiti (LLqc)i wasi proposedi andi isi definedi asi thei moisturei contenti 

correspondingi toi ai 20i mmi quasi-statici conei penetrationi depthi fori ai penetrationi loadi ofi 60i gfi andi 

correlatesi closelyi withi conventionali falli conei liquidi limiti fori thei 51i soilsi used.i Upi toi 91.3%i accuracy,i 

thusi thei quasi-statici approachi isi reliable.i i i  

Semi-empiricali expressionsi werei proposedi fori derivationi ofi Compressioni Indexi andi consistencyi limits.i  

Semi-empiricali expressionsi werei proposedi fori derivationi ofi Compressioni Indexi andi Quasii statici 

consistencyi limits.i Thesei semi-empiricali relationshipsi arei basedi oni correlationsi ofi quasi-statici liquidi 

limit,i plastici limiti andi plasticityi index. 

Quasi-statici conei testsi providei ai simplei ai simple,i fasti andi accuratei methodi ofi determiningi Compressioni 

Indexi relationships,i oni applyingi appropriatei consistencyi limits. 

Thei plasticityi mayi bei entirelyi directlyi determinedi withi quasi-statici conei tests,i throughi thei PIqci 

parameteri (=LLqc-PLqc)i byi usei ofi interpolationi ofi quasi-statici conei tastesi carriedi outi oni thei soili samplei ati 

differenti moisturei contents.i i i i i i  

Thei Compressioni Indexi ofi soili mixturesi mayi bei estimatedi directlyi fromi quasi-statici conei testsi usingi 

quasi-statici consistencyi limits.i Thisi approachi isi satisfactoryi withi 6i %i variance.i  

5.4i FURTHERi RESEARCHi i i  

Thei followingi recommendationsi arei providedi basedi oni thei research'si findingsi fori furtheri developingi 

quasi-statici conei methodsi andi equipmenti fori testingi cohesivei finei andi mixedi soils'i consistencyi limitsi 

andi compressioni indices.i  

Undertakingi extensivei experimentali programsi fori soilsi ofi variedi geologyi andi plasticity,i whichi mayi 

providei improvementsi ofi thei alternativei quasi-statici conei approachesi developedi ini thisi research.i i i  
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Furtheri developmenti shouldi bei undertakeni toi otheri penetrometer,i accountingi fori morei sensitivei andi 

simpleri on-boardi loadi andi traveli monitoringi overi ai widei rangei ofi soili geologiesi andi plasticities.i Thisi isi 

gearedi towardsi inferringi itsi potentiali fori rapidi applicationi ofi quasi-statici conei approachesi ini thei fieldi 

withouti needi fori electrici power.i i i  
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APPENDICESi A:i Resultsi ofi Appliedi forcei withi penetrationi depthi di andi d2 

Resultsi fori Samplei R3 

Tablei ofi resultsi fori soili samplei R3i ati moisturei contenti 41%i Lliquidi Limit 

Readingi 

lengthi (mm) Readingi Forcei (g) 

Depthi ofi penetration(d)i 

mm d2 Appliedi force 

45.5 240.05 0 0.0 0 

48 258.45 2.5 6.3 18.4 

51.9 274.34 6.4 41.0 34.29 

57.8 286.37 12.3 151.3 46.32 

64.6 298.01 19.1 364.8 57.96 

68.1 325.23 22.6 510.8 85.18 

75.8 350.15 30.3 918.1 110.1 

79.2 385.78 33.7 1135.7 145.73 
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Tablei ofi resultsi fori soili samplei R3i ati moisturei contenti 23.1%i fori Plastici Limit 

 

Readingi 

lengthi (mm) 

Readingi Forcei 

(g) 

Depthi ofi 

penetration(d)i mm d2 Appliedi force 

45.6 124.45 0 0.0 0 

52 533.69 6.4 41.0 409.24 

54.6 938.54 9 81.0 814.09 

58.6 1065.49 13 169.0 941.04 

64.2 1327.87 18.6 346.0 1203.42 

69.7 1515.45 24.1 580.8 1391 

76 1985.29 30.4 924.2 1860.84 

83.2 2240.84 37.6 1413.8 2116.39 
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Resultsi fori Samplei A1 

Tablei ofi resultsi fori soili samplei A1i ati moisturei contenti 24.1%i fori plastici limit 

Readingi 

lengthi (mm) Readingi Forcei (g) 

Depthi ofi 

penetration(d)i mm d2 Appliedi force 

44 224.45 0 0.0 0 

50 533.69 6 36.0 309.24 

52.6 831.54 8.6 74.0 607.09 

56.6 999.49 12.6 158.8 775.04 

62.2 1447.87 18.2 331.2 1223.42 

67.7 1915.45 23.7 561.7 1691 

74 2190.29 30 900.0 1965.84 

81.2 2240.84 37.2 1383.8 2016.39 
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Tablei ofi resultsi fori soili samplei A1i ati moisturei contenti 42.5%i liquidi Limit 

Readingi lengthi 

(mm) 

Readingi Forcei 

(g) 

Depthi ofi 

penetration(d)i mm d2 Appliedi force 

45.5 240.05 0 0.0 0 

48 248.45 2.5 6.3 8.4 

51.9 260.34 6.4 41.0 20.29 

57.8 276.37 12.3 151.3 36.32 

64.6 299.01 19.1 364.8 58.96 

68.1 347.23 22.6 510.8 107.18 

75.8 372.15 30.3 918.1 132.1 

79.2 395.78 33.7 1135.7 155.73 
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Resultsi fori Samplei A2 

Tablei ofi resultsi fori soili samplei A2i ati moisturei contenti 22.5%i fori plastici limit 

Readingi lengthi (mm) 

Readingi 

Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 240.96 0 0.0 0 

48.5 527.38 6.5 42.3 286.42 

52 842.17 10 100.0 601.21 

54.6 1027.04 12.6 158.8 786.08 

60.2 1685.72 18.2 331.2 1444.76 

65.7 1703.47 23.7 561.7 1462.51 

72 2087.28 30 900.0 1846.32 

78.5 2335.92 36.5 1332.3 2094.96 
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Tablei ofi resultsi fori soili samplei A2i ati moisturei contenti 39.5%i liquidi limit 

Readingi 

lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.5 210.05 0 0.0 0 

48 228.45 2.5 6.3 18.4 

51.9 234.34 6.4 41.0 24.29 

57.8 246.37 12.3 151.3 36.32 

64.6 270.01 19.1 364.8 59.96 

68.1 319.23 22.6 510.8 109.18 

75.8 330.15 30.3 918.1 120.1 

79.2 345.78 33.7 1135.7 135.73 
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Resultsi fori Samplei A3 

Tablei ofi resultsi fori soili samplei A3i ati moisturei contenti 24.5% 

Readingi lengthi 

(mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 240.96 0 0.0 0 

48.5 527.38 6.5 42.3 286.42 

52 842.17 10 100.0 601.21 

54.6 1227.04 12.6 158.8 986.08 

60.2 1485.72 18.2 331.2 1244.76 

65.7 1760.47 23.7 561.7 1519.51 

72 1940.28 30 900.0 1699.32 

78.5 2293.92 36.5 1332.3 2052.96 
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Tablei ofi resultsi fori soili samplei A3i ati moisturei contenti 42.8% 

Readingi lengthi (mm) Readingi Forcei (g) 

Depthi ofi penetration(d)i 

mm d2 Appliedi force 

43.4 215.25 0 0.0 0 

49.5 236.6 6.1 37.2 21.35 

55.5 255.31 12.1 146.4 40.06 

62.5 260.04 19.1 364.8 44.79 

67.1 310.04 23.7 561.7 94.79 

77.3 348.13 33.9 1149.2 132.88 

83.1 387.87 39.7 1576.1 172.62 
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Tablei ofi resultsi fori soili samplei R5i ati moisturei contenti 20.5% 

Readingi lengthi (mm) 

Readingi Forcei 

(g) 

Depthi ofi penetration(d)i 

mm d2 

Appliedi 

force 

41.9 212.35 0 0.0 0 

48.2 526 6.3 39.7 313.65 

52.7 799.42 10.8 116.6 587.07 

61 1186.22 19.1 364.8 973.87 

65 1553.68 23.1 533.6 1341.33 

71 2020 29.1 846.8 1807.65 

75.3 2456.5 33.4 1115.6 2244.15 
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Tablei ofi resultsi fori soili samplei R5i ati moisturei contenti 34.2% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.5 220.05 0 0.0 0 

48 248.45 2.5 6.3 28.4 

51.9 254.34 6.4 41.0 34.29 

57.8 266.37 12.3 151.3 46.32 

64.6 276.5 19.1 364.8 56.45 

68.1 309.23 22.6 510.8 89.18 

75.8 310.15 30.3 918.1 90.1 

79.2 327.78 31.2 973.4 79.33 
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Tablei ofi resultsi fori soili samplei A4i ati moisturei contenti 19.5%i Plastici Limit 

Readingi lengthi (cm) Readingi Forcei (g) 

Depthi ofi 

penetration(d)i mm d2 Appliedi force 

43 240.96 0 0.0 0 

48.5 527.38 5.5 30.3 286.42 

52 908.17 9 81.0 667.21 

54.6 1227.04 11.6 134.6 986.08 

60.2 1385.72 17.2 295.8 1144.76 

65.7 1660.47 22.7 515.3 1419.51 

72 1840.28 29 841.0 1599.32 

78.5 2241.92 35.5 1260.3 2000.96 
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Tablei ofi resultsi fori soili samplei A4i ati moisturei contenti 33.8%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) 

Depthi ofi 

penetration(d)i mm d2 Appliedi force 

45.5 226.05 0 0.0 0 

48 248.45 2.5 6.3 22.4 

51.9 254.34 6.4 41.0 28.29 

57.8 276.37 12.3 151.3 50.32 

64.6 298.01 19.1 364.8 71.96 

68.1 303.23 22.6 510.8 77.18 

75.8 320.15 30.3 918.1 94.1 

79.2 355.78 33.7 1135.7 129.73 
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Tablei ofi resultsi fori soili samplei A5i ati moisturei contenti 21.3%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) 

Depthi ofi 

penetration(d)i mm d2 Appliedi force 

41.9 212.35 0 0.0 0 

48.2 526 6.3 39.7 313.65 

52.7 999.42 10.8 116.6 787.07 

61 1186.22 19.1 364.8 973.87 

65 1753.68 23.1 533.6 1541.33 

71 1945 29.1 846.8 1732.65 

75.3 2128.5 33.4 1115.6 1916.15 
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Tablei ofi resultsi fori soili samplei A5i ati moisturei contenti 36.2%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) 

Depthi ofi 

penetration(d)i mm d2 Appliedi force 

45.5 234.55 0 0.0 0 

48 248.45 2.5 6.3 13.9 

51.9 254.34 6.4 41.0 19.79 

57.8 278.37 12.3 151.3 43.82 

64.6 298.01 19.1 364.8 63.46 

68.1 319.23 22.6 510.8 84.68 

75.8 330.15 30.3 918.1 95.6 

79.2 347.78 31.2 973.4 99.33 
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Tablei ofi resultsi fori soili samplei A6i ati moisturei contenti 19.0%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) 

Depthi ofi 

penetration(d)i mm d2 Appliedi force 

42 240.96 0 0.0 0 

48.5 527.38 6.5 42.3 286.42 

52 842.17 10 100.0 601.21 

54.6 1027.04 12.6 158.8 786.08 

60.2 1285.72 18.2 331.2 1044.76 

65.7 1960.47 23.7 561.7 1719.51 

72 2252.28 30 900.0 2011.32 

78.5 2435.92 36.5 1332.3 2194.96 
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Tablei ofi resultsi fori soili samplei A6i ati moisturei contenti 33.1%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) 

Depthi ofi 

penetration(d)i cm d2 Appliedi force 

45.5 242.05 0 0.0 0 

48 258.45 2.5 6.3 16.4 

51.9 264.34 6.4 41.0 22.29 

57.8 278.37 12.3 151.3 36.32 

64.6 298.01 19.1 364.8 55.96 

68.1 329.23 22.6 510.8 87.18 

75.8 355.15 30.3 918.1 113.1 

79.2 407.78 33.7 1135.7 165.73 
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Tablei ofi resultsi fori soili samplei R6i ati moisturei contenti 11%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) 

Depthi ofi 

penetration(d)i mm d2 Appliedi force 

44 380.96 0 0.0 0 

48.5 527.38 4.5 20.3 146.42 

52 842.17 8 64.0 461.21 

54.6 1127.04 10.6 112.4 746.08 

60.2 1585.72 16.2 262.4 1204.76 

65.7 1880.47 21.7 470.9 1499.51 

72 2217.28 28 784.0 1836.32 

78.5 2455.4 34.5 1190.3 2074.44 
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Tablei ofi resultsi fori soili samplei R6i ati moisturei contenti 33.2%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) 

Depthi ofi penetration(d)i 

cm d2 Appliedi force 

45.5 225.05 0 0.0 0 

48 238.45 2.5 6.3 13.4 

51.9 254.34 6.4 41.0 29.29 

57.8 276.37 12.3 151.3 51.32 

64.6 280.01 19.1 364.8 54.96 

68.1 316.23 22.6 510.8 91.18 

75.8 335.15 30.3 918.1 110.1 

79.2 355.78 33.7 1135.7 130.73 
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Tablei ofi resultsi fori soili samplei K4i ati moisturei contenti 22%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 296.46 0 0.0 0 

48.5 527.38 6.5 42.3 230.92 

52 842.17 10 100.0 545.71 

54.6 1127.04 12.6 158.8 830.58 

60.2 1585.72 18.2 331.2 1289.26 

65.7 1880.47 23.7 561.7 1584.01 

72 2217.28 30 900.0 1920.82 

78.5 2455.4 36.5 1332.3 2158.94 
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Tablei ofi resultsi fori soili samplei K4i ati moisturei contenti 33.2%i liquidi limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.5 230.05 0 0.0 0 

48 248.45 2.5 6.3 18.4 

51.9 254.34 6.4 41.0 24.29 

57.8 270.37 12.3 151.3 40.32 

64.6 280.01 19.1 364.8 49.96 

68.1 293.23 22.6 510.8 63.18 

75.8 363.15 30.3 918.1 133.1 

79.2 395.78 33.7 1135.7 165.73 
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Tablei ofi resultsi fori soili samplei K3i ati moisturei contenti 20%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 340.96 0 0.0 0 

48.5 527.38 6.5 42.3 186.42 

52 895.17 10 100.0 554.21 

54.6 1027.04 12.6 158.8 686.08 

60.2 1685.72 18.2 331.2 1344.76 

65.7 1860.47 23.7 561.7 1519.51 

72 2236.28 30 900.0 1895.32 

78.5 2837.7 36.5 1332.3 2496.74 
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Tablei ofi resultsi fori soili samplei K3i ati moisturei contenti 43.2%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.5 230.05 0 0.0 0 

48 248.45 2.5 6.3 18.4 

51.9 254.34 6.4 41.0 24.29 

57.8 270.37 12.3 151.3 40.32 

64.6 280.01 19.1 364.8 49.96 

68.1 293.23 22.6 510.8 63.18 

75.8 380.15 30.3 918.1 150.1 

79.2 395.78 33.7 1135.7 165.73 
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Tablei ofi resultsi fori soili samplei K8i ati moisturei contenti 24%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 240.96 0 0.0 0 

48.5 527.38 6.5 42.3 286.42 

52 842.17 10 100.0 601.21 

54.6 1227.04 12.6 158.8 986.08 

60.2 1485.72 18.2 331.2 1244.76 

65.7 1860.47 23.7 561.7 1619.51 

72 2069.28 30 900.0 1828.32 

78.5 2208.92 36.5 1332.3 1967.96 
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Tablei ofi resultsi fori soili samplei K8i ati moisturei contenti 50%i liquidi limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.5 267.05 0 0.0 0 

48 276.45 2.5 6.3 9.4 

51.9 299.34 6.4 41.0 32.29 

57.8 314.37 12.3 151.3 47.32 

64.6 336.01 19.1 364.8 68.96 

68.1 369.23 22.6 510.8 102.18 

75.8 380.15 30.3 918.1 113.1 

79.2 400.78 33.7 1135.7 133.73 
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Tablei ofi resultsi fori soili samplei K7i ati moisturei contenti 19.8%i Plastici Limit 

Readingi lengthi 

(mm) 

Readingi Forcei 

(g) 

Depthi ofi penetration(d)i 

mm d2 

Appliedi 

force 

45.6 224.45 0 0.0 0 

52 510.69 6.4 41.0 286.24 

54.6 1038.54 9 81.0 814.09 

58.6 1265.49 13 169.0 1041.04 

64.2 1447.87 18.6 346.0 1223.42 

69.7 1715.45 24.1 580.8 1491 

76 1990.29 30.4 924.2 1765.84 

83.2 2114.84 37.6 1413.8 1890.39 
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Tablei ofi resultsi fori soili samplei K7i ati moisturei contenti 39.2%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.5 270.05 0 0.0 0 

48 280.45 2.5 6.3 10.4 

51.9 299.34 6.4 41.0 29.29 

57.8 332.37 12.3 151.3 62.32 

64.6 358.01 19.1 364.8 87.96 

68.1 363.23 22.6 510.8 93.18 

75.8 370.15 30.3 918.1 100.1 

79.2 384.5 33.7 1135.7 114.45 
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Tablei ofi resultsi fori soili samplei B1i ati moisturei contenti 11.5%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 240.96 0 0.0 0 

48.5 657.38 6.5 42.3 416.42 

52 1042.17 10 100.0 801.21 

54.6 1127.04 12.6 158.8 886.08 

60.2 1385.72 18.2 331.2 1144.76 

65.7 1760.47 23.7 561.7 1519.51 

72 2187.28 30 900.0 1946.32 

78.5 2528.92 36.5 1332.3 2287.96 
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Tablei ofi resultsi fori soili samplei B1i ati moisturei contenti 33.7%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

43.4 258.05 0 0.0 0 

49.5 280.45 6.1 37.2 22.4 

55.5 299.34 12.1 146.4 41.29 

62.5 326.37 19.1 364.8 68.32 

65.1 358.01 21.7 470.9 99.96 

72.3 365.23 28.9 835.2 107.18 

78.7 390.15 35.3 1246.1 132.1 
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Tablei ofi resultsi fori soili samplei B2i ati moisturei contenti 12%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

46.5 254 0 0.0 0 

53.2 330.38 6.7 44.9 76.38 

58 928.5 11.5 132.3 674.5 

65.5 1273.35 19 361.0 1019.35 

70.6 1910.07 24.1 580.8 1656.07 

74.5 2270 28 784.0 2016 

76.8 2310 30.3 918.1 2056 
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Tablei ofi resultsi fori soili samplei B2i ati moisturei contenti 35.5%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42.5 240.05 0 0.0 0 

45.5 248.45 3 9.0 8.4 

48.8 254.34 6.3 39.7 14.29 

54.8 266.37 12.3 151.3 26.32 

61.6 270.01 19.1 364.8 29.96 

65.1 349.23 22.6 510.8 109.18 

72.8 380.15 30.3 918.1 140.1 

76.2 406.78 33.7 1135.7 166.73 
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Tablei ofi resultsi fori soili samplei B3i ati moisturei contenti 13%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.6 224.45 0 0.0 0 

52 533.69 6.4 41.0 309.24 

54.6 831.54 9 81.0 607.09 

58.6 999.49 13 169.0 775.04 

64.2 1447.87 18.6 346.0 1223.42 

69.7 1915.45 24.1 580.8 1691 

76 2190.29 30.4 924.2 1965.84 

83.2 2560.84 37.6 1413.8 2336.39 

 

 

 

 

y = 1.5619x + 419.29
R² = 0.893

0

500

1000

1500

2000

2500

3000

0.0 200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0 1600.0

Fo
rc

e 
(g

ra
m

m
s)

Depth of penetration d2(mm2)

Applied force vs (Penetration Depth)2

Applied force

Linear (Applied force)

y = 64.86x - 14.248
R² = 0.9913

-500

0

500

1000

1500

2000

2500

3000

0 5 10 15 20 25 30 35 40

Fo
rc

e 
in

 g
ra

m
m

s

Penetration Depth d (mm)

Applied Force vs Penetration Depth

Applied Force

Linear (Applied Force)



103 
 

Tablei ofi resultsi fori soili samplei B3i ati moisturei contenti 37.2%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.5 228.95 0 0.0 0 

48 248.45 2.5 6.3 19.5 

51.9 254.34 6.4 41.0 25.39 

57.8 278.37 12.3 151.3 49.42 

64.6 298.01 19.1 364.8 69.06 

68.1 319.23 22.6 510.8 90.28 

75.8 330.15 30.3 918.1 101.2 

79.2 347.78 33.7 1135.7 118.83 
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Tablei ofi resultsi fori soili samplei R7i ati moisturei contenti 18.6%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 240.96 0 0.0 0 

48.5 527.38 6.5 42.3 286.42 

52 815.17 10 100.0 574.21 

54.6 1227.04 12.6 158.8 986.08 

60.2 1485.72 18.2 331.2 1244.76 

65.7 1860.47 23.7 561.7 1619.51 

72 2069.28 30 900.0 1828.32 

78.5 2195.92 36.5 1332.3 1954.96 
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Tablei ofi resultsi fori soili samplei R7i ati moisturei contenti 25%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.5 220.05 0 0.0 0 

48 248.45 2.5 6.3 28.4 

51.9 254.34 6.4 41.0 34.29 

57.8 266.37 12.3 151.3 46.32 

64.6 276.5 19.1 364.8 56.45 

68.1 309.23 22.6 510.8 89.18 

75.8 320.15 30.3 918.1 100.1 

79.2 371.78 33.7 1135.7 151.73 
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Tablei ofi resultsi fori soili samplei B5i ati moisturei contenti 16.5%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.1 284 0 0.0 0 

46.1 330.38 5 25.0 46.38 

48.8 928.5 7.7 59.3 644.5 

57.7 1273.35 16.6 275.6 989.35 

62.1 1710.07 21 441.0 1426.07 

69 2143 27.9 778.4 1859 

73 2210 31.9 1017.6 1926 

 

 

 

 

y = 1.8804x + 286.87
R² = 0.8839

0

500

1000

1500

2000

2500

0.0 200.0 400.0 600.0 800.0 1000.0 1200.0

Fo
rc

e 
(g

ra
m

m
s)

Depth of penetration d2(mm2)

Applied force vs (Penetration Depth)2

Applied force

Linear (Applied force)

y = 65.284x - 42.347
R² = 0.9675

-500

0

500

1000

1500

2000

2500

0 5 10 15 20 25 30 35

Fo
rc

e 
in

 g
ra

m
m

s

Penetration Depth d (mm)

Applied Force vs Penetration Depth

Applied Force

Linear (Applied Force)



107 
 

Tablei ofi resultsi fori soili samplei B5i ati moisturei contenti 33.2% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.4 248.78 0 0.0 0 

47.5 278.67 6.1 37.2 29.89 

53.5 290.36 12.1 146.4 41.58 

60.5 321.63 19.1 364.8 72.85 

63.1 343.4 21.7 470.9 94.62 

70.3 355.46 28.9 835.2 106.68 

76.7 372.67 35.3 1246.1 123.89 
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Tablei ofi resultsi fori soili samplei B6i ati moisturei contenti 14.3%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.4 200.29 0 0.0 0 

46.3 251.68 4.9 24.0 51.39 

49.1 894.39 7.7 59.3 694.1 

58 1180.71 16.6 275.6 980.42 

62.4 1750.19 21 441.0 1549.9 

72 2086.3 30.6 936.4 1886.01 

73.3 2296.56 31.9 1017.6 2096.27 
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Tablei ofi resultsi fori soili samplei B6i ati moisturei contenti 32.7%i Liquidi limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm D2 Appliedi force 

43.4 252.38 0 0.0 0 

49.5 284.67 6.1 37.2 32.29 

55.5 300.36 12.1 146.4 47.98 

62.5 330.63 19.1 364.8 78.25 

65.1 343.4 21.7 470.9 91.02 

72.3 355.46 28.9 835.2 103.08 

78.7 382.67 35.3 1246.1 130.29 
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Tablei ofi resultsi fori soili samplei B4i ati moisturei contenti 17.6%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 251.1 0 0.0 0 

47.1 307.68 5.1 26.0 56.58 

50.2 899.39 8.2 67.2 648.29 

59 1284.71 17 289.0 1033.61 

64.2 1830.19 22.2 492.8 1579.09 

70.8 2064.7 28.8 829.4 1813.6 

75 2346.56 33 1089.0 2095.46 
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Tablei ofi resultsi fori soili samplei B4i ati moisturei contenti 33.4%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 220.05 0 0.0 0 

48.5 248.45 6.5 42.3 28.4 

54.5 254.34 12.5 156.3 34.29 

61.5 270.37 19.5 380.3 50.32 

64.1 280.01 22.1 488.4 59.96 

71.3 363.23 29.3 858.5 143.18 

77.7 419.74 35.7 1274.5 199.69 
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Tablei ofi resultsi fori soili samplei R1i ati moisturei contenti 16.5%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.1 196.29 0 0.0 0 

46.1 247.68 5 25.0 51.39 

48.8 899.39 7.7 59.3 703.1 

57.7 1144.71 16.6 275.6 948.42 

62.1 1598.19 21 441.0 1401.9 

69 1864.7 27.9 778.4 1668.41 

73 2186.36 31.9 1017.6 1990.07 
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Tablei ofi resultsi fori soili samplei R1i ati moisturei contenti 33.2%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.4 247.58 0 0.0 0 

47.5 253.67 6.1 37.2 6.09 

53.5 280.36 12.1 146.4 32.78 

60.5 321.63 19.1 364.8 74.05 

63.1 351.32 21.7 470.9 103.74 

70.3 361.22 28.9 835.2 113.64 

76.7 376.14 35.3 1246.1 128.56 
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Tablei ofi resultsi fori soili samplei R11i ati moisturei contenti 20.5%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.1 196.29 0 0.0 0 

46.1 247.68 5 25.0 51.39 

48.8 899.39 7.7 59.3 703.1 

57.7 1184.71 16.6 275.6 988.42 

62.1 1517.85 21 441.0 1321.56 

69 1864.7 27.9 778.4 1668.41 

73 2186.56 31.9 1017.6 1990.27 
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Tablei ofi resultsi fori soili samplei R11i ati moisturei contenti 35.2%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.4 249.98 0 0.0 0 

47.5 278.67 6.1 37.2 28.69 

53.5 290.36 12.1 146.4 40.38 

60.5 311.63 19.1 364.8 61.65 

63.1 337.4 21.7 470.9 87.42 

70.3 350.46 28.9 835.2 100.48 

76.7 372.67 35.3 1246.1 122.69 
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Tablei ofi resultsi fori soili samplei S6i ati moisturei contenti 17.6%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 256.29 0 0.0 0 

47.1 447.68 5.1 26.0 191.39 

50.2 699.39 8.2 67.2 443.1 

59 1284.71 17 289.0 1028.42 

64.2 1798.19 22.2 492.8 1541.9 

70.8 2038.7 28.8 829.4 1782.41 

75 2271.56 33 1089.0 2015.27 
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Tablei ofi resultsi fori soili samplei S6i ati moisturei contenti 34.4% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 249.98 0 0.0 0 

48.5 278.67 6.5 42.3 28.69 

54.5 290.36 12.5 156.3 40.38 

61.5 311.63 19.5 380.3 61.65 

64.1 337.4 22.1 488.4 87.42 

71.3 350.46 29.3 858.5 100.48 

77.7 372.67 35.7 1274.5 122.69 
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Tablei ofi resultsi fori soili samplei K10i ati moisturei contenti 14.3%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.4 196.29 0 0.0 0 

46.3 247.68 4.9 24.0 51.39 

49.1 899.39 7.7 59.3 703.1 

58 1144.71 16.6 275.6 948.42 

62.4 1598.19 21 441.0 1401.9 

72 2064.7 30.6 936.4 1868.41 

73.3 2217.36 31.9 1017.6 2021.07 
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Tablei ofi resultsi fori soili samplei K10i ati moisturei contenti 32.7%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

43.4 248.78 0 0.0 0 

49.5 278.67 6.1 37.2 29.89 

55.5 290.36 12.1 146.4 41.58 

62.5 311.63 19.1 364.8 62.85 

65.1 333.4 21.7 470.9 84.62 

72.3 339.46 28.9 835.2 90.68 

78.7 362.67 35.3 1246.1 113.89 
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Tablei ofi resultsi fori soili samplei k16i ati moisturei contenti 13.9%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.5 224.45 0 0.0 0 

48 533.69 2.5 6.3 309.24 

51.9 831.54 6.4 41.0 607.09 

57.8 999.49 12.3 151.3 775.04 

64.6 1247.87 19.1 364.8 1023.42 

68.1 1715.45 22.6 510.8 1491 

75.8 2067.29 30.3 918.1 1842.84 

79.2 2260.84 33.7 1135.7 2036.39 
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Tablei ofi resultsi fori soili samplei k16i ati moisturei contenti 35%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

47.3 228.95 0 0.0 0 

51.3 248.45 4 16.0 19.5 

55.3 254.34 8 64.0 25.39 

61.9 278.37 14.6 213.2 49.42 

68.6 298.01 21.3 453.7 69.06 

75.2 319.23 27.9 778.4 90.28 

78.3 366.15 31 961.0 137.2 
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Tablei ofi resultsi fori soili samplei R10i ati moisturei contenti 10.9%i Plastici Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.6 200.29 0 0.0 0 

51.1 858.78 5.5 30.3 658.49 

60.7 1044.59 15.1 228.0 844.3 

66.2 1380.71 20.6 424.4 1180.42 

72.9 1795.19 27.3 745.3 1594.9 

74.6 2066.7 29 841.0 1866.41 

78.1 2422.56 32.5 1056.3 2222.27 
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Tablei ofi resultsi fori soili samplei R10i ati moisturei contenti 30%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

47.3 257.58 0 0.0 0 

51.3 288.67 4 16.0 31.09 

55.3 305.36 8 64.0 47.78 

61.9 319.63 14.6 213.2 62.05 

68.6 321.4 21.3 453.7 63.82 

75.2 341.46 27.9 778.4 83.88 

78.3 387.27 31 961.0 129.69 
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Tablei ofi resultsi fori soili samplei C1i ati moisturei contenti 27% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.4 271.71 0 0.0 0 

46.3 451.68 4.9 24.0 179.97 

49.1 744.39 7.7 59.3 472.68 

58 1373.71 16.6 275.6 1102 

62.4 1795.19 21 441.0 1523.48 

72 2066.7 30.6 936.4 1794.99 

73.3 2196.56 31.9 1017.6 1924.85 
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Tablei ofi resultsi fori soili samplei C1i ati moisturei contenti 45.2%i Liquidi Limit 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.3 257.58 0 0.0 0 

51 288.67 5.7 32.5 31.09 

54.3 295.36 9 81.0 37.78 

62.9 313.93 17.6 309.8 56.35 

69.6 330.4 24.3 590.5 72.82 

76.2 360.46 30.9 954.8 102.88 

79.3 385.67 34 1156.0 128.09 
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Tablei ofi resultsi fori soili samplei C2i ati moisturei contenti 28.4% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.6 250.29 0 0.0 0 

51.1 841.68 5.5 30.3 591.39 

60.7 1244.39 15.1 228.0 994.1 

66.7 1473.71 21.1 445.2 1223.42 

72.9 1717.19 27.3 745.3 1466.9 

74 1966.7 28.4 806.6 1716.41 

79.1 2196.56 33.5 1122.3 1946.27 
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Tablei ofi resultsi fori soili samplei C2i ati moisturei contenti 44.3% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42.3 247.58 0 0.0 0 

48.1 288.67 5.8 33.6 41.09 

51.3 295.36 9 81.0 47.78 

63.6 310.93 21.3 453.7 63.35 

66.6 333.4 24.3 590.5 85.82 

75.7 355.46 33.4 1115.6 107.88 

78.3 385.67 36 1296.0 138.09 
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Tablei ofi resultsi fori soili samplei C3i ati moisturei contenti 29.5% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42.6 200.29 0 0.0 0 

47.7 801.68 5.1 26.0 601.39 

60.1 1144.39 17.5 306.3 944.1 

66.2 1373.71 23.6 557.0 1173.42 

72.9 2047.19 30.3 918.1 1846.9 

74.1 2366.7 31.5 992.3 2166.41 

78.6 2696.56 36 1296.0 2496.27 
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Tablei ofi resultsi fori soili samplei C3i ati moisturei contenti 42.3% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42.3 247.58 0 0.0 0 

48.1 288.67 5.8 33.6 41.09 

51.3 295.36 9 81.0 47.78 

63.9 316.93 21.6 466.6 69.35 

66.6 323.4 24.3 590.5 75.82 

75.7 350.46 33.4 1115.6 102.88 

78.3 377.67 36 1296.0 130.09 
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Tablei ofi resultsi fori soili samplei k1i ati moisturei contenti 28.2% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.6 300.29 0 0.0 0 

51.1 858.78 5.5 30.3 558.49 

60.7 1044.59 15.1 228.0 744.3 

66.7 1380.71 21.1 445.2 1080.42 

72.9 1795.19 27.3 745.3 1494.9 

74 2200.7 28.4 806.6 1900.41 

79.1 2522.56 33.5 1122.3 2222.27 
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Tablei ofi resultsi fori soili samplei k1i ati moisturei contenti 42.2% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42 252.21 0 0.0 0 

47.1 267.37 5.1 26.0 15.16 

50.2 274.77 8.2 67.2 22.56 

59 298.36 17 289.0 46.15 

64.2 325.62 22.2 492.8 73.41 

69.8 345.08 27.8 772.8 92.87 

75 354.12 33 1089.0 101.91 

75.2 367.77 33.2 1102.2 115.56 
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Tablei ofi resultsi fori soili samplei C4i ati moisturei contenti 30.1% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.9 254.45 0 0.0 0 

43.9 533.69 2 4.0 279.24 

47.9 831.54 6 36.0 577.09 

51.9 1099.49 10 100.0 845.04 

65.9 1247.87 24 576.0 993.42 

69.9 1715.45 28 784.0 1461 

73.9 2335.29 32 1024.0 2080.84 

77.9 2960.84 36 1296.0 2706.39 
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Tablei ofi resultsi fori soili samplei C4i ati moisturei contenti 43.5% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.3 229.3 0 0.0 0 

51 240.53 5.7 32.5 11.23 

54.3 256.55 9 81.0 27.25 

62.9 278.64 17.6 309.8 49.34 

69.6 323.55 24.3 590.5 94.25 

76.2 335.23 30.9 954.8 105.93 

79.3 364.11 34 1156.0 123.58 
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Tablei ofi resultsi fori soili samplei C6i ati moisturei contenti 23.3% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.3 250.56 0 0.0 0 

45.8 417.27 4.5 20.3 166.71 

50.8 615.25 9.5 90.3 364.69 

55.9 1059.4 14.6 213.2 808.84 

62.4 1214.35 21.1 445.2 963.79 

66.2 1706.26 24.9 620.0 1455.7 

74.4 2139.71 33.1 1095.6 1889.15 

75.5 3007.7 34.2 1169.6 2757.14 
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Tablei ofi resultsi fori soili samplei C6i ati moisturei contenti 45.1% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.3 227.6 0 0.0 0 

51 240.53 5.7 32.5 12.93 

54.3 256.55 9 81.0 28.95 

62.9 278.64 17.6 309.8 51.04 

69.6 303.55 24.3 590.5 75.95 

76.2 335.23 30.9 954.8 107.63 

79.3 368.28 34 1156.0 127.75 
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Tablei ofi resultsi fori soili samplei C5i ati moisturei contenti 23.3% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.6 230.56 0 0.0 0 

51.1 453.27 5.5 30.3 222.71 

60.7 915.25 15.1 228.0 684.69 

66.2 1311.4 20.6 424.4 1080.84 

68.9 1614.35 23.3 542.9 1383.79 

74.6 1906.26 29 841.0 1675.7 

76.1 2439.71 30.5 930.3 2209.15 

78.9 2878.7 33.3 1108.9 2648.14 
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Tablei ofi resultsi fori soili samplei C5i ati moisturei contenti 46.8% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

33.5 226.01 0 0.0 0 

38.5 249.37 5 25.0 23.36 

42.8 261.77 9.3 86.5 35.76 

48.2 290.36 14.7 216.1 64.35 

63 323.62 29.5 870.3 97.61 

68.5 348.08 35 1225.0 122.07 

74 362.12 40.5 1640.3 136.11 

79.1 405.77 45.6 2079.4 179.76 
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Tablei ofi resultsi fori soili samplei K2i ati moisturei contenti 23.3% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.4 212.16 0 0.0 0 

46.3 653.27 4.9 24.0 441.11 

49.1 915.25 7.7 59.3 703.09 

58 1117.4 16.6 275.6 905.24 

62.4 1514.35 21 441.0 1302.19 

72 1806.26 30.6 936.4 1594.1 

73.3 2239.71 31.9 1017.6 2027.55 

78.7 2512.7 37.3 1391.3 2300.54 
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Tablei ofi resultsi fori soili samplei K2i ati moisturei contenti 46.8% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.6 247.58 0 0.0 0 

51.1 288.67 5.5 30.3 41.09 

60.7 295.36 15.1 228.0 47.78 

66.2 310.93 20.6 424.4 63.35 

72.9 333.4 27.3 745.3 85.82 

74.6 345.46 29 841.0 97.88 

78.1 365.67 32.5 1056.3 118.09 
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Tablei ofi resultsi fori soili samplei K5i ati moisturei contenti 19% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

38.6 316.85 0 0.0 0 

45.2 533.69 6.6 43.6 216.84 

47.7 831.54 9.1 82.8 514.69 

49.4 999.49 10.8 116.6 682.64 

56.6 1247.87 18 324.0 931.02 

56.8 1715.45 18.2 331.2 1398.6 

61.88 2067.29 23.28 542.0 1750.44 

73.5 2260.84 34.9 1218.0 1943.99 
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Tablei ofi resultsi fori soili samplei K5i ati moisturei contenti 38.5% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

38.5 269.58 0 0.0 0 

45.2 288.67 6.7 44.9 19.09 

47.7 295.36 9.2 84.6 25.78 

49.4 316.93 10.9 118.8 47.35 

56.6 323.4 18.1 327.6 53.82 

56.8 350.46 18.3 334.9 80.88 

61.8 367.67 23.3 542.9 98.09 

73.5 380.84 35 1225.0 111.26 
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Tablei ofi resultsi fori soili samplei K6i ati moisturei contenti 20.5% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

38.6 316.85 0 0.0 0 

45.2 533.69 6.6 43.6 216.84 

47.7 831.54 9.1 82.8 514.69 

49.4 999.49 10.8 116.6 682.64 

54.6 1247.87 16 256.0 931.02 

58.8 1715.45 20.2 408.0 1398.6 

63.8 2167.29 25.2 635.0 1850.44 

75.5 2621.84 36.9 1361.6 2304.99 
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Tablei ofi resultsi fori soili samplei K6i ati moisturei contenti 37.4% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

38.6 254.45 0 0.0 0 

45.2 263.69 6.6 43.6 9.24 

47.7 288.54 9.1 82.8 34.09 

49.4 305.49 10.8 116.6 51.04 

56.6 327.87 18 324.0 73.42 

58.6 341.45 20 400.0 87 

61.8 360.29 23.2 538.2 105.84 

73.5 370.84 34.9 1218.0 116.39 
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Tablei ofi resultsi fori soili samplei C7i ati moisturei contenti 19% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

38.6 316.85 0 0.0 0 

45.2 533.69 6.6 43.6 216.84 

47.7 831.54 9.1 82.8 514.69 

49.4 999.49 10.8 116.6 682.64 

56.6 1247.87 18 324.0 931.02 

59.2 1715.45 20.6 424.4 1398.6 

64.3 2267.29 25.7 660.5 1950.44 

75.5 2665.84 36.9 1361.6 2348.99 
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Tablei ofi resultsi fori soili samplei C7i ati moisturei contenti 38.3% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

38.6 246.01 0 0.0 0 

45.2 259.37 6.6 43.6 13.36 

47.7 271.77 9.1 82.8 25.76 

49.4 290.36 10.8 116.6 44.35 

56.6 313.62 18 324.0 67.61 

58.6 328.08 20 400.0 82.07 

61.8 342.12 23.2 538.2 96.11 

73.5 373.37 34.9 1218.0 127.36 
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Tablei ofi resultsi fori soili samplei C8i ati moisturei contenti 17.4% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

38.6 316.85 0 0.0 0 

45.2 533.69 6.6 43.6 216.84 

47.7 831.54 9.1 82.8 514.69 

49.4 999.49 10.8 116.6 682.64 

56.6 1247.87 18 324.0 931.02 

58.5 1715.45 19.9 396.0 1398.6 

61.8 2067.29 23.2 538.2 1750.44 

75.5 2613.84 36.9 1361.6 2296.99 
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Tablei ofi resultsi fori soili samplei c8i ati moisturei contenti 33% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

38.6 259.58 0 0.0 0 

45.2 288.67 6.6 43.6 29.09 

47.7 295.36 9.1 82.8 35.78 

49.4 316.93 10.8 116.6 57.35 

54.6 323.4 16 256.0 63.82 

58.8 340.46 20.2 408.0 80.88 

63.8 357.67 25.2 635.0 98.09 

76.5 375.84 37.9 1436.4 116.26 
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Tablei ofi resultsi fori soili samplei K9i ati moisturei contenti 23.3% 

Readingi lengthi (mm) 

Readingi Forcei 

(g) 

Depthi ofi penetration(d)i 

mm d2 

Appliedi 

force 

43 216.85 0 0.0 0 

50.9 733.69 7.9 62.4 516.84 

55.5 831.54 12.5 156.3 614.69 

60.8 1099.49 17.8 316.8 882.64 

67.4 1247.87 24.4 595.4 1031.02 

71.6 1715.45 28.6 818.0 1498.6 

72.3 2567.29 29.3 858.5 2350.44 

79 3613.84 36 1296.0 3396.99 
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Tablei ofi resultsi fori soili samplei K9i ati moisturei contenti 45.2% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

47.9 239.61 0 0.0 0 

53.4 259.37 5.5 30.3 19.76 

59.9 271.77 12 144.0 32.16 

62.8 290.36 14.9 222.0 50.75 

65.4 313.62 17.5 306.3 74.01 

72 328.08 24.1 580.8 88.47 

75 342.12 27.1 734.4 102.51 

84.2 373.37 36.3 1317.7 133.76 
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Tablei ofi resultsi fori soili samplei N1i ati moisturei contenti 20.3% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

43.5 226.51 0 0.0 0 

51.4 678.03 7.9 62.4 451.52 

56 880.5 12.5 156.3 653.99 

61.3 1174.33 17.8 316.8 947.82 

67.9 1685.26 24.4 595.4 1458.75 

72.1 2031.23 28.6 818.0 1804.72 

75.2 2496.74 31.7 1004.9 2270.23 

79.5 2929.9 36 1296.0 2703.39 
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Tablei ofi resultsi fori soili samplei N1i ati moisturei contenti 41.2% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

47.9 253.28 0 0.0 0 

53.9 288.67 6 36.0 35.39 

59.9 295.36 12 144.0 42.08 

63.8 316.93 15.9 252.8 63.65 

65.9 323.4 18 324.0 70.12 

72.5 340.46 24.6 605.2 87.18 

75.5 357.67 27.6 761.8 104.39 

84.6 385.84 36.7 1346.9 132.56 
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Tablei ofi resultsi fori soili samplei N2i ati moisturei contenti 21.5% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42.5 216.85 0 0.0 0 

52.4 733.69 9.9 98.0 516.84 

56.5 831.54 14 196.0 614.69 

61.5 1199.49 19 361.0 982.64 

68.9 1811.87 26.4 697.0 1595.02 

72.5 2115.45 30 900.0 1898.6 

73.6 2367.29 31.1 967.2 2150.44 

79.5 3613.84 37 1369.0 3396.99 
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Tablei ofi resultsi fori soili samplei N2i ati moisturei contenti 40.4% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

48.9 231.25 0 0.0 0 

54.9 248.45 6 36.0 17.2 

59.9 254.34 11 121.0 23.09 

64.8 278.37 15.9 252.8 47.12 

66.9 298.01 18 324.0 66.76 

73.5 319.23 24.6 605.2 87.98 

76.5 366.15 27.6 761.8 134.9 

85.6 387.9 36.7 1346.9 156.65 
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Tablei ofi resultsi fori soili samplei N3i ati moisturei contenti 20.8% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

43.5 216.85 0 0.0 0 

52.9 733.69 9.4 88.4 516.84 

56.9 831.54 13.4 179.6 614.69 

61.9 1099.49 18.4 338.6 882.64 

69.9 1547.87 26.4 697.0 1331.02 

73.5 1915.45 30 900.0 1698.6 

74.5 2703.29 31 961.0 2486.44 

78.4 3813.84 34.9 1218.0 3596.99 
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Tablei ofi resultsi fori soili samplei N3i ati moisturei contenti 38.5% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

47.9 259.58 0 0.0 0 

53.9 288.67 6 36.0 29.09 

58.9 295.36 11 121.0 35.78 

63.8 316.93 15.9 252.8 57.35 

65.9 328.4 18 324.0 68.82 

72.5 350.46 24.6 605.2 90.88 

75.5 377.67 27.6 761.8 118.09 

84.6 395.84 36.7 1346.9 136.26 
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Tablei ofi resultsi fori soili samplei k11i ati moisturei contenti 17.4% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

48.9 254.45 0 0.0 0 

56.1 533.69 7.2 51.8 279.24 

57.5 831.54 8.6 74.0 577.09 

62.3 1099.49 13.4 179.6 845.04 

66 1247.87 17.1 292.4 993.42 

71.7 1415.45 22.8 519.8 1161 

75.8 1735.29 26.9 723.6 1480.84 

78.5 2151.44 29.6 876.2 1896.99 
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Tablei ofi resultsi fori soili samplei k11i ati moisturei contenti 41.6% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

46.3 229.61 0 0.0 0 

51.1 259.37 4.8 23.0 29.76 

56.3 271.77 10 100.0 42.16 

61.4 290.36 15.1 228.0 60.75 

69.5 313.62 23.2 538.2 84.01 

74.3 328.08 28 784.0 98.47 

82.5 362.12 36.2 1310.4 132.51 

85.2 393.37 38.9 1513.2 134 
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Tablei ofi resultsi fori soili samplei k12i ati moisturei contenti 28%i  

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

43.5 216.85 0 0.0 0 

51.4 533.69 7.9 62.4 316.84 

56 831.54 12.5 156.3 614.69 

61.3 999.49 17.8 316.8 782.64 

67.9 1247.87 24.4 595.4 1031.02 

72.1 1915.45 28.6 818.0 1698.6 

75.2 2410.79 31.7 1004.9 2193.94 

79.5 3621.84 36 1296.0 3404.99 
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Tablei ofi resultsi fori soili samplei K12i ati moisturei contenti 44%i  

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

47.9 254.45 0 0.0 0 

53.4 263.69 5.5 30.3 9.24 

59.9 288.54 12 144.0 34.09 

62.8 305.49 14.9 222.0 51.04 

65.4 327.87 17.5 306.3 73.42 

72 331.15 24.1 580.8 76.7 

75 346.09 27.1 734.4 91.64 

84.2 370.24 36.3 1317.7 115.79 
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Tablei ofi resultsi fori soili samplei MKi 1i ati moisturei contenti 17.9 

Readingi lengthi 

(mm) 

Readingi Forcei 

(g) 

Depthi ofi penetration(d)i 

mm d2 

Appliedi 

force 

45.8 216.85 0 0.0 0 

52.5 533.69 6.7 44.9 316.84 

54.2 831.54 8.4 70.6 614.69 

57.1 999.49 11.3 127.7 782.64 

69.3 1247.87 23.5 552.3 1031.02 

73.6 1815.45 27.8 772.8 1598.6 

80.4 2667.29 34.6 1197.2 2450.44 

82.5 3506.84 36.7 1346.9 3289.99 
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Tablei ofi resultsi fori soili samplei MK1i ati moisturei contenti 30% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

44.1 263.28 0 0.0 0 

48.4 288.67 4.3 18.5 25.39 

49 295.36 4.9 24.0 32.08 

53.9 316.93 9.8 96.0 53.65 

56.8 323.4 12.7 161.3 60.12 

61.4 340.46 17.3 299.3 77.18 

69.8 357.67 25.7 660.5 94.39 

79.4 379.64 35.3 1246.1 116.36 
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Tablei ofi resultsi fori soili samplei MKi 2i ati moisturei contenti 16.9 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

44.8 230.56 0 0.0 0 

52.5 453.27 7.7 59.3 222.71 

55.2 915.25 10.4 108.2 684.69 

57.1 1311.4 12.3 151.3 1080.84 

69.3 1614.35 24.5 600.3 1383.79 

74.6 1951.26 29.8 888.0 1720.7 

80.6 2739.71 35.8 1281.6 2509.15 

82.5 3178.7 37.7 1421.3 2948.14 
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Tablei ofi resultsi fori soili samplei MK2i ati moisturei contenti 28.5 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

44.2 247.81 0 0.0 0 

48.5 259.37 4.3 18.5 11.56 

49 271.77 4.8 23.0 23.96 

53.9 290.36 9.7 94.1 42.55 

56.8 313.62 12.6 158.8 65.81 

61.4 328.08 17.2 295.8 80.27 

69.8 352.12 25.6 655.4 104.31 

79.4 373.37 35.2 1239.0 125.56 
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Tablei ofi resultsi fori soili samplei MKi 3i ati moisturei contenti 15.5 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.8 216.85 0 0.0 0 

53.5 733.69 7.7 59.3 516.84 

55.2 831.54 9.4 88.4 614.69 

57.1 1099.49 11.3 127.7 882.64 

69.3 1547.87 23.5 552.3 1331.02 

74.6 1915.45 28.8 829.4 1698.6 

80.4 2503.29 34.6 1197.2 2286.44 

82.5 2724.84 36.7 1346.9 2507.99 
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Tablei ofi resultsi fori soili samplei MK3i ati moisturei contenti 25.5% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

44.2 244.81 0 0.0 0 

48.5 259.37 4.3 18.5 14.56 

49.5 271.77 5.3 28.1 26.96 

53.9 290.36 9.7 94.1 45.55 

56.8 313.62 12.6 158.8 68.81 

62.4 328.08 18.2 331.2 83.27 

69.8 342.12 25.6 655.4 97.31 

79.4 363.37 35.2 1239.0 118.56 
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Tablei ofi resultsi fori soili samplei MKi 4i ati moisturei contenti 14.5% 

Readingi lengthi (mm) 

Readingi Forcei 

(g) 

Depthi ofi penetration(d)i 

mm d2 

Appliedi 

force 

45.8 224.45 0 0.0 0 

53.5 533.69 7.7 59.3 309.24 

55.2 831.54 9.4 88.4 607.09 

57.1 1099.49 11.3 127.7 875.04 

69.3 1247.87 23.5 552.3 1023.42 

74.6 2215.45 28.8 829.4 1991 

80.4 2735.29 34.6 1197.2 2510.84 

82.5 3092.14 36.7 1346.9 2867.69 
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Tablei ofi resultsi fori soili samplei MK4i ati moisturei contenti 26.5% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

44.6 263.28 0 0.0 0 

48.5 288.67 3.9 15.2 25.39 

49.5 295.36 4.9 24.0 32.08 

53.9 316.93 9.3 86.5 53.65 

56.8 323.4 12.2 148.8 60.12 

62.4 340.46 17.8 316.8 77.18 

69.8 357.67 25.2 635.0 94.39 

79.4 364.34 34.8 1211.0 101.06 
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Tablei ofi resultsi fori soili samplei R2i ati moisturei contenti 23.3% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

45.8 216.85 0 0.0 0 

52.8 733.69 7 49.0 516.84 

58.8 831.54 13 169.0 614.69 

64.4 1099.49 18.6 346.0 882.64 

71.1 1547.87 25.3 640.1 1331.02 

76.8 2115.45 31 961.0 1898.6 

79.8 3087.52 34 1156.0 2870.67 

82.5 4013.84 36.7 1346.9 3280.15 
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Tablei ofi resultsi fori soili samplei R2i ati moisturei contenti 39% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

43.1 251.11 0 0.0 0 

52.5 288.67 9.4 88.4 37.56 

54.2 295.36 11.1 123.2 44.25 

57.5 316.93 14.4 207.4 65.82 

69.6 328.4 26.5 702.3 77.29 

70.1 350.46 27 729.0 99.35 

76.3 377.67 33.2 1102.2 126.56 

82.8 395.84 39.7 1576.1 144.73 
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Tablei ofi resultsi fori soili samplei k22i ati moisturei contenti 24.6% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

43.1 226.51 0 0.0 0 

52.5 678.03 9.4 88.4 451.52 

54.2 880.5 11.1 123.2 653.99 

57.5 1174.33 14.4 207.4 947.82 

69.6 1685.26 26.5 702.3 1458.75 

70.1 2031.23 27 729.0 1804.72 

76.3 2396.74 33.2 1102.2 2170.23 

83.8 3082.49 40.7 1656.5 2855.98 
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Tablei ofi resultsi fori soili samplei k22i ati moisturei contenti 36% 

Readingi lengthi (mm) 

Readingi Forcei 

(g) 

Depthi ofi penetration(d)i 

mm d2 

Appliedi 

force 

43.1 228.31 0 0.0 0 

52.5 259.37 9.4 88.4 31.06 

54.5 271.77 11.4 130.0 43.46 

58.5 290.36 15.4 237.2 62.05 

69.6 313.62 26.5 702.3 85.31 

70.1 328.08 27 729.0 99.77 

76.3 362.12 33.2 1102.2 133.81 

80.8 393.37 37.7 1421.3 165.06 
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Tablei ofi resultsi fori soili samplei k23i ati moisturei contenti 21.6% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

42.8 274 0 0.0 0 

53.8 438.38 11 121.0 164.38 

58.8 928.5 16 256.0 654.5 

61 1273.35 18.2 331.2 999.35 

67.7 1910.07 24.9 620.0 1636.07 

72.7 2543 29.9 894.0 2269 

76.4 3104 33.6 1129.0 2830 
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Tablei ofi resultsi fori soili samplei k23i ati moisturei contenti 41.3% 

Readingi lengthi (mm) Readingi Forcei (g) Depthi ofi penetration(d)i mm d2 Appliedi force 

41.2 225.61 0 0.0 0 

52.5 259.37 11.3 127.7 33.76 

54.2 271.77 13 169.0 46.16 

58.5 290.36 17.3 299.3 64.75 

69.6 313.62 28.4 806.6 88.01 

70.1 328.08 28.9 835.2 102.47 

74.3 362.12 33.1 1095.6 136.51 

78.5 447.37 37.3 1391.3 221.76 
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APPENDICESi B:i Resultsi fori Consolidationi Testi fori alli thei samples 

i   i  i  i  WORKINGi SHEETi NO:i Samplei A1 

 
i  CONSOLIDATIONi TESTi ANALYSIS 

Project:  i  i  i  i  

Client:  i  i  i  i  

Samplingi 

Date: 

 
i  i  i  Samplei No. i  

Testingi Date:  i  i  i  Checkedi By: i  

i   i  i  i  i  i  i  i  

 
Insidei diameteri ofi thei ring 7.2 cm 

Moisturei Content,i 

(final)i  
16.40% i  

 
Heighti ofi specimen 2.00 cm 

Specifici Gravityi i i i i i i i 

Gsi i = 
2.392 0.000 

i         i  

Incrementi No. 

 

Pressure 
Logi ofi 

Pressure 

Timei fori 50%i 

consolidationi 

t50i (mins) 

Height,H(mm) 
Changei Ini 

Height(dH) 

Changei ini voidi 

ratio(de) 
Voidi ratio 

0  0 0 0 20 0.236 0.016625175 0 

1  5.81 0.7642 10.00 19.78000 0.016 0.001127131 0.39342 

2  11.63 1.0656 7.50 19.63130 -0.133 -0.009348139 0.38294 

3  19.28 1.2851 4.90 19.15000 -0.614 -0.043253634 0.34903 

UNLOADING  0 0.0000 0.00 19.76400 0 0 0.39229 
i   Mv i  i  Cc 

i  i  

1  0.048595315 i  i  i  
i  i  

2  0.00156293 i  i  0.416768253 
i  i  

3  0.005097083 i  i  i  
i  i  
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi A2 

i  
CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  

i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.412 0.000 

i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 

Voidi 

ratio 

0 0 0 0 20 0.238 0.016807266 0 

1 4.86 0.6866 6.00 19.55000 -0.212 -0.014971178 0.38060 

2 9.73 0.9881 8.00 19.33750 -0.425 -0.029977665 0.36559 

3 19.28 1.2851 4.00 18.68200 -1.080 -0.076268264 0.31930 

UNLOADING 0 0.0000 0.00 19.76200 0 0 0.39557 

i  Mv i  i  Cc 
i  

i  

1 0.056723369 i  i  i  
i  

i  

2 0.002259785 i  i  0.405585573 
i  

i  

3 0.007047374 i  i  i  
i  i  
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi A3 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi 

Date: 
i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm 
Specifici Gravityi i i i i i i i 

Gsi i = 
2.392 0.000 

i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) 
Changei Ini 

Height(dH) 

Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.91 0.6911 8.00 19.85000 0.100 0.007049559 0.39934 

2 9.73 0.9881 9.00 19.73780 -0.012 -0.000860046 0.39143 

3 19.38 1.2874 5.40 19.11000 -0.640 -0.045117181 0.34717 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.058121415 i  i  i  
i  

i  

2 0.001175134 i  i  0.385208528 0.3852 i  

3 0.00661268 i  i  i  
i  

i  
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WORKINGi SHEETi NO:i SAMPLEi A4 

 
CONSOLIDATIONi TESTi ANALYSIS 

Project: 
    

Client: 
    

Samplingi Date: 
   

Samplei No. 
 

Testingi Date: 
   

Checkedi By: 
 

        

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final) 16.40% 
 

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
        

Incrementi No. Pressure Logi ofi 

Pressure 

Timei fori 50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) Changei ini voidi ratio(de) Voidi 

ratio 

0 0 0 0 20 0.310 0.021920228 0 

1 4.81 0.6821 2.70 19.64000 -0.050 -0.003535521 0.38875 

2 9.63 0.9836 6.00 19.05000 -0.640 -0.045254663 0.34703 

3 19.28 1.2851 2.80 18.41120 -1.279 -0.090424474 0.30186 

UNLOADING 0 0.0000 0.00 19.69000 0 0 0.39229 
 

Mv 
  

Cc 
  

1 0.058197355 
     

2 0.006245475 
  

0.3890 0.389 
 

3 0.006971478 
     

0.20

0.30
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0.60
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Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi A5 

i  
CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  

i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.310 0.021920228 0 

1 4.81 0.6821 2.70 19.64000 -0.050 -0.003535521 0.38875 

2 9.63 0.9836 6.00 19.15000 -0.540 -0.038183622 0.35410 

3 19.28 1.2851 2.80 18.58250 -1.108 -0.078311781 0.31398 

UNLOADING 0 0.0000 0.00 19.69000 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.058197355 i  i  i  
i  

i  

2 0.00518692 i  i  0.3456 
i  

i  

3 0.006161011 i  i  i  
i  

i  
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi A6 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 

      
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.310 0.021920228 0 

1 4.81 0.6821 5.50 19.43000 -0.260 -0.018384707 0.37390 

2 9.63 0.9836 7.00 19.32000 -0.370 -0.026162852 0.36613 

3 19.28 1.2851 5.00 18.66119 -1.029 -0.072747578 0.31954 

UNLOADING 0 0.0000 0.00 19.69000 0 0 0.39229 

i  Mv i  i  Cc 
i  

i  

1 0.056579362 i  i  i  
i  

i  

2 0.001176996 i  i  0.4012 
i  

i  

3 0.007089376 i  i  i  
i  

i  



180 
 

 

 

 

 

 

i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi B1 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi 

Date: 
i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.50 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 4.30 19.07850 -0.501 -0.035591202 0.35670 

3 19.28 1.2851 4.00 18.33100 -1.248 -0.088746893 0.30354 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.058699432 i  i  i  
i  

i  

2 0.005479993 i  i  0.4578 
i  

i  

3 0.008145578 i  i  i  
i  

i  
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi B2 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi 

Date: 
i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.50 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 4.30 19.07601 -0.503 -0.035768482 0.35652 

3 19.28 1.2851 4.00 18.33030 -1.249 -0.088796671 0.30349 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005506443 i  i  0.4567 
i  i  

3 0.008127101 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi B3 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi 

Date: 
i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm 
Specifici Gravityi i i i i i i i 

Gsi i = 
2.392 0.000 

i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) 
Changei Ini 

Height(dH) 

Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.136 0.009532379 0 

1 4.81 0.6821 10.00 19.95000 0.086 0.006027828 0.39832 

2 9.63 0.9836 7.50 19.86580 0.002 0.000126164 0.39241 

3 19.28 1.2851 4.90 19.15000 -0.714 -0.050044988 0.34224 

UNLOADING 0 0.0000 0.00 19.86400 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.059221201 i  i  i  
i  

i  

2 0.000877454 i  i  0.43210 
i  0.43210 

3 0.007491013 i  i  i  
i  

i  

0.34

0.36

0.38

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi B4 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.310 0.021920228 0 

1 4.81 0.6821 5.50 19.43000 -0.260 -0.018384707 0.37390 

2 9.63 0.9836 7.00 19.21000 -0.480 -0.033940997 0.35835 

3 19.28 1.2851 5.00 18.52750 -1.163 -0.082200853 0.31009 

UNLOADING 0 0.0000 0.00 19.69000 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.056579362 i  i  i  
i  

i  

2 0.002353991 i  i  0.4156 0.4156 i  

3 0.007386356 i  i  i  
i  

i  

        

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi B5 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm 
Specifici Gravityi i i i i i i i Gsi i 

= 
2.392 0.000 

i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) 
Changei Ini 

Height(dH) 

Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.136 0.009532379 0 

1 4.81 0.6821 10.00 19.90000 0.036 0.002523277 0.39481 

2 9.63 0.9836 7.50 19.86000 -0.004 -0.000280364 0.39201 

3 19.28 1.2851 4.90 19.15320 -0.711 -0.049820696 0.34247 

UNLOADING 0 0.0000 0.00 19.86400 0 0 0.39229 

i  Mv i  i  Cc 
i  

i  

1 0.058847636 i  i  i  
i  

i  

2 0.00041789 i  i  0.4267 0.4267 i  

3 0.007398986 i  i  i  
i  

i  

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi B6 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.136 0.009532379 0 

1 4.81 0.6821 10.00 19.90000 0.036 0.002523277 0.39481 

2 9.63 0.9836 7.50 19.86000 -0.004 -0.000280364 0.39201 

3 19.28 1.2851 4.90 19.13650 -0.727 -0.050991216 0.34130 

UNLOADING 0 0.0000 0.00 19.86400 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058847636 i  i  i  
i  i  

2 0.00041789 i  i  0.4368 
i  i  

3 0.007573807 i  i  i  
i  i  

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi C1 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi 

Date: 
i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) 
Changei Ini 

Height(dH) 

Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 8.00 19.75000 0.000 0 0.39229 

2 9.63 0.9836 9.00 19.72400 -0.026 -0.001832885 0.39046 

3 19.28 1.2851 5.40 19.10000 -0.650 -0.045822137 0.34647 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058577505 i  i  i  
i  i  

2 0.000273691 i  i  0.3789 0.3789 i  

3 0.006577253 i  i  i  
i  i  

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i i SAMPLEi C2 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 8.00 19.75000 0.000 0 0.39229 

2 9.63 0.9836 9.00 19.70370 -0.046 -0.003263946 0.38902 

3 19.28 1.2851 5.40 19.10000 -0.650 -0.045822137 0.34647 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058577505 i  i  i  
i  i  

2 0.000487381 i  i  0.3665 0.3665 i  

3 0.006369837 i  i  i  
i  i  

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi C3 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi 

Date: 
i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 8.00 19.75000 0.000 0 0.39229 

2 9.63 0.9836 9.00 19.69760 -0.052 -0.003693969 0.38859 

3 19.28 1.2851 5.40 19.11000 -0.640 -0.045117181 0.34717 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058577505 i  i  i  
i  i  

2 0.000551593 i  i  0.3568 
i  i  

3 0.006201881 i  i  i  
i  i  

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi C4 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.260 0.01833814 0 

1 4.81 0.6821 4.00 19.42000 -0.320 -0.022570018 0.36972 

2 9.63 0.9836 6.00 19.36000 -0.380 -0.026801897 0.36549 

3 19.28 1.2851 4.50 18.87250 -0.868 -0.061185909 0.33110 

UNLOADING 0 0.0000 0.00 19.74000 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.056116986 i  i  i  
i  i  

2 0.000642328 i  i  0.296 0.296 i  

3 0.00523509 i  i  i  
i  i  

0.20

0.30

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi C5 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.260 0.01833814 0 

1 4.81 0.6821 4.00 19.72000 -0.020 -0.001410626 0.39088 

2 9.63 0.9836 6.00 19.59000 -0.150 -0.010579696 0.38171 

3 19.28 1.2851 4.50 19.02200 -0.718 -0.050641478 0.34165 

UNLOADING 0 0.0000 0.00 19.74000 0 0 0.39229 

i  Mv i  i  Cc 
i  

i  

1 0.058426062 i  i  i  
i  

i  

2 0.001370539 i  i  0.3450 0.345 i  

3 0.006027939 i  i  i  
i  

i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi C6 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi 

Date: 
i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.260 0.01833814 0 

1 4.81 0.6821 4.00 19.52000 -0.220 -0.015516888 0.37677 

2 9.63 0.9836 6.00 19.49600 -0.244 -0.017209639 0.37508 

3 19.28 1.2851 4.50 19.02200 -0.718 -0.050641478 0.34165 

UNLOADING 0 0.0000 0.00 19.74000 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.056894564 i  i  i  
i  

i  

2 0.000255615 i  i  0.2879 0.2879 i  

3 0.005054611 i  i  i  
i  

i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi C8 

i  
WORKINGi SHEETi NO:i SAMPLEi C7 

    
CONSOLIDATIONi TESTi ANALYSIS 

Project: 
i  i  i  i  

Client: 
i  i  i  i  

Samplingi Date: 
i  i  i  

Samplei No. 
i  

Testingi Date: 
i  i  i  

Checkedi By: 
i  

i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i 

(final)i  

16.40% 
i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i 

Gsi i = 

2.392 0.000 

i        
i  

Incrementi No. Pressure Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini 

Height(dH) 

Changei ini voidi 

ratio(de) 

Voidi ratio 

0 0 0 0 20 0.238 0.016767764 0 

1 4.81 0.6821 6.00 19.65000 -0.112 -0.007890712 0.38440 

2 9.63 0.9836 8.00 19.53000 -0.232 -0.016345047 0.37594 

3 19.28 1.2851 4.00 18.83170 -0.930 -0.065542229 0.32675 

UNLOADING 0 0.0000 0.00 19.76200 0 0 0.39229 
i  

Mv 
i  i  

Cc 
i  i  

1 0.057726403 
i  i  i  i  i  

2 0.00126962 
i  i  

0.4237 0.4237 
i  

3 0.007433524 
i  i  i  i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.238 0.016767764 0 

1 4.81 0.6821 6.00 19.65000 -0.112 -0.007890712 0.38440 

2 9.63 0.9836 8.00 19.53000 -0.232 -0.016345047 0.37594 

3 19.28 1.2851 4.00 18.80758 -0.954 -0.06724155 0.32505 

UNLOADING 0 0.0000 0.00 19.76200 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.057726403 i  i  i  
i  i  

2 0.00126962 i  i  0.4384 0.4384 i  

3 0.007690285 i  i  i  
i  i  

 

 

 

 

 

 
0.20

0.25

0.30

0.35

0.40

0.60

V
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io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K1 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.310 0.021920228 0 

1 4.81 0.6821 2.70 19.64000 -0.050 -0.003535521 0.38875 

2 9.63 0.9836 6.00 19.15000 -0.540 -0.038183622 0.35410 

3 19.28 1.2851 2.80 18.56790 -1.122 -0.079344153 0.31294 

UNLOADING 0 0.0000 0.00 19.69000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058197355 i  i  i  
i  i  

2 0.00518692 i  i  0.3545 0.3545 i  

3 0.006319515 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K2 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 4.00 19.75000 0.000 0 0.39229 

2 9.63 0.9836 6.00 19.69760 -0.052 -0.003693969 0.38859 

3 19.28 1.2851 4.50 19.12840 -0.622 -0.043820062 0.34847 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058577505 i  i  i  
i  i  

2 0.000551593 i  i  0.3456 0.3456 i  

3 0.006007676 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K3 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.50 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 4.30 19.07500 -0.504 -0.035840092 0.35645 

3 19.28 1.2851 4.00 18.39640 -1.183 -0.084096215 0.30819 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005517127 i  i  0.4156 0.4156 i  

3 0.007396125 i  i  i  
i  i  

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

0.36

0.38

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K4 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.50 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 4.30 19.07500 -0.504 -0.035840092 0.35645 

3 19.28 1.2851 4.00 18.41260 -1.166 -0.082944212 0.30934 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005517127 i  i  0.4057 0.4057 i  

3 0.00721956 i  i  i  
i  i  

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

0.36

0.38

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K5 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 6.00 19.75000 0.000 0 0.39229 

2 9.63 0.9836 8.00 19.69760 -0.052 -0.003693969 0.38859 

3 19.28 1.2851 4.00 19.00610 -0.744 -0.052441673 0.33985 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058577505 i  i  i  
i  i  

2 0.000551593 i  i  0.4198 0.4198 i  

3 0.007298503 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K6 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.136 0.009532379 0 

1 4.81 0.6821 6.00 19.95000 0.086 0.006027828 0.39832 

2 9.63 0.9836 8.00 19.86580 0.002 0.000126164 0.39241 

3 19.28 1.2851 4.00 19.13900 -0.725 -0.050815989 0.34147 

UNLOADING 0 0.0000 0.00 19.86400 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.059221201 i  i  i  
i  

i  

2 0.000877454 i  i  0.4387 0.4387 i  

3 0.007606131 i  i  i  
i  

i  

        

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

0.36

0.38

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K7 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.00 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 8.00 19.07850 -0.501 -0.035591202 0.35670 

3 19.28 1.2851 4.00 18.37688 -1.202 -0.085484307 0.30680 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005479993 i  i  0.4297 0.4297 i  

3 0.007645619 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K8 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.136 0.009532379 0 

1 4.81 0.6821 6.00 19.95000 0.086 0.006027828 0.39832 

2 9.63 0.9836 8.00 19.77378 -0.090 -0.006323612 0.38596 

3 19.28 1.2851 4.00 19.10000 -0.764 -0.053549538 0.33874 

UNLOADING 0 0.0000 0.00 19.86400 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.059221201 i  i  i  
i  

i  

2 0.0018364 i  i  0.4067 0.4067 i  

3 0.007084078 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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0.20

0.25

0.30
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0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)

i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K9 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.136 0.009532379 0 

1 4.81 0.6821 6.00 19.95000 0.086 0.006027828 0.39832 

2 9.63 0.9836 8.00 19.76615 -0.098 -0.006858406 0.38543 

3 19.28 1.2851 4.00 19.10000 -0.764 -0.053549538 0.33874 

UNLOADING 0 0.0000 0.00 19.86400 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.059221201 i  i  i  
i  i  

2 0.001915912 i  i  0.4021 0.4021 i  

3 0.00700656 i  i  i  
i  i  
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K10 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 8.00 19.75000 0.000 0 0.39229 

2 9.63 0.9836 9.00 19.72540 -0.025 -0.001734192 0.39055 

3 19.28 1.2851 5.40 19.10000 -0.650 -0.045822137 0.34647 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058577505 i  i  i  
i  i  

2 0.000258954 i  i  0.3797 0.3797 i  

3 0.006591541 i  i  i  
i  i  

 

i  
    

 
i  

 

i  

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K11 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.310 0.021920228 0 

1 4.81 0.6821 8.00 19.74000 0.050 0.003535521 0.39582 

2 9.63 0.9836 9.00 19.61750 -0.073 -0.005126505 0.38716 

3 19.28 1.2851 5.40 18.98250 -0.708 -0.050027616 0.34226 

UNLOADING 0 0.0000 0.00 19.69000 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.058955728 i  i  i  
i  

i  

2 0.001290161 i  i  0.3867 0.3867 i  

3 0.006729534 i  i  i  
i  

i  

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K12 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.310 0.021920228 0 

1 4.81 0.6821 4.00 19.74000 0.050 0.003535521 0.39582 

2 9.63 0.9836 6.00 19.49120 -0.199 -0.01405723 0.37823 

3 19.28 1.2851 4.50 18.98250 -0.708 -0.050027616 0.34226 

UNLOADING 0 0.0000 0.00 19.69000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058955728 i  i  i  
i  i  

2 0.002620343 i  i  0.3098 0.3098 i  

3 0.005425979 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K16 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 5.50 19.75000 0.000 0 0.39229 

2 9.63 0.9836 7.00 19.69760 -0.052 -0.003693969 0.38859 

3 19.28 1.2851 5.00 19.05180 -0.698 -0.049220024 0.34307 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.058577505 i  i  i  
i  

i  

2 0.000551593 i  i  0.3921 0.3921 i  

3 0.006816158 i  i  i  
i  

i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)

i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K22 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 5.50 19.75000 0.000 0 0.39229 

2 9.63 0.9836 7.00 19.74483 -0.005 -0.000364462 0.39192 

3 19.28 1.2851 5.00 19.10000 -0.650 -0.045822137 0.34647 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058577505 i  i  i  
i  i  

2 5.44225E-05 i  i  0.3915 0.3915 i  

3 0.00678964 i  i  i  
i  i  
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi K23 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 5.50 19.75000 0.000 0 0.39229 

2 9.63 0.9836 7.00 19.74983 0.000 -1.19843E-05 0.39228 

3 19.28 1.2851 5.00 19.10000 -0.650 -0.045822137 0.34647 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058577505 i  i  i  
i  i  

2 1.78952E-06 i  i  0.3945 0.3945 i  

3 0.006840555 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi MK1 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.50 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 4.30 19.07500 -0.504 -0.035840092 0.35645 

3 19.28 1.2851 4.00 18.40148 -1.178 -0.083734969 0.30855 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005517127 i  i  0.4125 0.4125 i  

3 0.007340757 i  i  i  
i  i  

i        i  

i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi MK2 

i  CONSOLIDATIONi TESTi ANALYSIS 

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.50 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 4.30 19.07500 -0.504 -0.035840092 0.35645 

3 19.28 1.2851 4.00 18.40361 -1.175 -0.083583502 0.30870 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005517127 i  i  0.4112 
i  i  

3 0.007317542 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi MK3 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. 
Pressur

e 

Logi ofi 

Pressur

e 

Timei fori 

50%i 

consolidatio

ni t50i (mins) 

Height,H(mm

) 
Changei Ini Height(dH) 

Changei ini voidi 

ratio(de) 

Voidi 

ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.50 19.59500 
0.016 

0.001137781 
0.3934

3 

2 9.63 0.9836 4.30 19.07500 -0.504 -0.035840092 
0.3564

5 

3 19.28 1.2851 4.00 18.40381 -1.175 -0.08356928 
0.3087

2 

UNLOADING 0 0.0000 0.00 19.57900 0 
0 

0.3922

9 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005517127 i  i  0.4111 0.4111 i  

3 0.007315363 i  i  i  
i  i  

 
i  

    
  

 
i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi MK4 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.50 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 4.30 19.07500 -0.504 -0.035840092 0.35645 

3 19.28 1.2851 4.00 18.39140 -1.188 -0.084451771 0.30784 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005517127 i  i  0.4187 0.4187 i  

3 0.00745062 i  i  i  
i  i  
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi N1 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.00 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 8.00 19.07500 -0.504 -0.035840092 0.35645 

3 19.28 1.2851 4.00 18.40781 -1.171 -0.083284835 0.30900 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005517127 i  i  0.4086 0.4086 i  

3 0.007271766 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi N2 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.00 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 8.00 19.07500 -0.504 -0.035840092 0.35645 

3 19.28 1.2851 4.00 18.40950 -1.170 -0.083164657 0.30912 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  

i  

2 0.005517127 i  i  0.4076 0.4076 i  

3 0.007253347 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi N3 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.00 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 8.00 19.07500 -0.504 -0.035840092 0.35645 

3 19.28 1.2851 4.00 18.40900 -1.170 -0.083200212 0.30909 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005517127 i  i  0.4079 0.4079 i  

3 0.007258796 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi R1 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 2.70 19.75000 0.000 0 0.39229 

2 9.63 0.9836 6.00 19.74400 -0.006 -0.000422974 0.39187 

3 19.28 1.2851 2.80 19.09240 -0.658 -0.046357903 0.34593 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.058577505 i  i  i  
i  

i  

2 6.31596E-05 i  i  0.3956 0.3956 i  

3 0.006861212 i  i  i  
i  

i  

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

0.36

0.38

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi R2 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 5.50 19.75000 0.000 0 0.39229 

2 9.63 0.9836 7.00 19.74400 -0.006 -0.000422974 0.39187 

3 19.28 1.2851 5.00 19.12440 -0.626 -0.044102044 0.34819 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  
i  

1 0.058577505 i  i  i  
i  

i  

2 6.31596E-05 i  i  0.3762 0.3762 i  

3 0.006524259 i  i  i  
i  

i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi R3 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 10.00 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 7.50 19.07850 -0.501 -0.035591202 0.35670 

3 19.28 1.2851 4.90 18.42070 -1.158 -0.08236821 0.30992 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005479993 i  i  0.4029 0.4029 i  

3 0.007168108 i  i  i  
i  i  

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi R5 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.260 0.01833814 0 

1 4.81 0.6821 4.00 19.72000 -0.020 -0.001410626 0.39088 

2 9.63 0.9836 6.00 19.56826 -0.172 -0.012113047 0.38017 

3 19.28 1.2851 4.50 19.02100 -0.719 -0.05071201 0.34158 

UNLOADING 0 0.0000 0.00 19.74000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058426062 i  i  i  
i  i  

2 0.001599735 i  i  0.3324 0.3324 i  

3 0.005814286 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi R6 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.00 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 8.00 19.07850 -0.501 -0.035591202 0.35670 

3 19.28 1.2851 4.00 18.33080 -1.248 -0.088761116 0.30353 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005479993 i  i  0.4579 0.4579 i  

3 0.008147757 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi R7 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.250 0.017623899 0 

1 4.81 0.6821 2.70 19.75000 0.000 0 0.39229 

2 9.63 0.9836 6.00 19.74905 -0.001 -6.69708E-05 0.39222 

3 19.28 1.2851 2.80 19.09240 -0.658 -0.046357903 0.34593 

UNLOADING 0 0.0000 0.00 19.75000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058577505 i  i  i  
i  i  

2 1.00003E-05 i  i  0.3987 0.3787 i  

3 0.00691262 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi R10 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm 
Moisturei Content,i 

(final)i  
16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 6.50 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 4.30 19.07850 -0.501 -0.035591202 0.35670 

3 19.28 1.2851 4.00 18.32920 -1.250 -0.088874894 0.30341 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005479993 i  i  0.4589 0.4589 i  

3 0.008165193 i  i  i  
i  i  

0.20

0.25

0.30

0.35

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)
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i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi 11 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 

50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.421 0.029937854 0 

1 4.81 0.6821 10.00 19.59500 0.016 0.001137781 0.39343 

2 9.63 0.9836 7.50 19.07850 -0.501 -0.035591202 0.35670 

3 19.28 1.2851 4.90 18.41250 -1.167 -0.082951323 0.30934 

UNLOADING 0 0.0000 0.00 19.57900 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058699432 i  i  i  
i  i  

2 0.005479993 i  i  0.4079 0.4079 i  

3 0.007257465 i  i  i  
i  i  

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.60

V
o

id
 r

at
io

Log of Pressure (Pa)

Pressure Void Ratio Relationship (ASTM D 2435)



224 
 

 

 

 

 

 

 

 

  

i  i  i  i  WORKINGi SHEETi NO:i SAMPLEi S6 

i  CONSOLIDATIONi TESTi ANALYSIS 

Project: i  i  i  i  

Client: i  i  i  i  

Samplingi Date: i  i  i  Samplei No. i  

Testingi Date: i  i  i  Checkedi By: i  
i  i  i  i  i  i  i  i  

Insidei diameteri ofi thei ring 7.2 cm Moisturei Content,i (final)i  16.40% i  

Heighti ofi specimen 2.00 cm Specifici Gravityi i i i i i i i Gsi i = 2.392 0.000 
i        i  

Incrementi No. Pressure 
Logi ofi 

Pressure 

Timei fori 50%i 

consolidationi 

t50i (mins) 

Height,H(mm) Changei Ini Height(dH) 
Changei ini voidi 

ratio(de) 
Voidi ratio 

0 0 0 0 20 0.260 0.01833814 0 

1 4.81 0.6821 2.70 19.72000 -0.020 -0.001410626 0.39088 

2 9.63 0.9836 6.00 19.62750 -0.112 -0.007934772 0.38435 

3 19.28 1.2851 2.80 19.02200 -0.718 -0.050641478 0.34165 

UNLOADING 0 0.0000 0.00 19.74000 0 0 0.39229 
i  Mv i  i  Cc 

i  i  

1 0.058426062 i  i  i  
i  i  

2 0.000975191 i  i  0.3678 0.3678 i  

3 0.006413633 i  i  i  
i  i  
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APPENDICESi C:i resultsi ofi Atterbergi limitsi andi Compressioni Indexi fromi RSVi Materialsi Laboratory 

 

 


