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ABSTRACT 
 

Aim: The study was carried out with the purpose of producing an engineering geological 
parameters for development planning and control. 

Study Design: The study was designed to use the various parameter values to produce Iso-
contour maps using Surfer II Computer software. 

Place and Duration of Study: The research was conducted in two locations along the Borokiri 
axis of Port Harcourt (the eastern Niger Delta) between February and June 2020. 

Method: The study involved both field sampling and laboratory analysis using boring, particle 
analysis, Oedometer and triaxial tests. In-situ field results were integrated in laboratory analysis.  

Results: The strength parameter revealed that clays are very cohesive (38 kPa to 90 kPa), with 
friction angles ranging between 4 and 5, and settlement values ranging between 18 mm and 84 
mm. 

Conclusion: The various engineering parameters converted into iso-contour maps are useful for 
reconnaissance studies as they give a regional view of an area, which is excellent for development 
planning. 

 
Keywords: Engineering geological mapping, bearing capacity, settlement, development planning.  
Introduction  

The iNiger iDelta iis ia ivast igeographical iarea ispanning iabout i36260 cm2
 iwhich iis iabout i4% iof iNigeria, iand 

iis ipresumed ito ibe ithe ithird ilargest idelta iin ithe iworld i[1]. iThe iNiger iDelta, idue ito iits ienvironmental iand 

imetro-hydrological iprocesses, ifaces isome ienvironmental iand igeological ichallenges. iAmong ithe 

ichallenges iidentified iby ivarious iauthors iare iuneven isubsoil isettlement, ian iabundance iof iorganic iand 

ihighly icompressible iclays, ipoor idrainage isystems, ierosion, iand iflooding i[4] i[1] i[13] i[12]. i 

These iproblems iare ihighly icomplicated iand iconnected ito iother iproblems iin ithe iarea, isuch ias 

ienvironmental isustainability, ipoverty, iclimate ichange, iportable iwater iavailability, iand iinfrastructural 

idevelopment, iamong iothers. iThese iproblems, icoupled iwith ithe ilack iof iscientific idata ion ithe isuperficial isoil 



 

 

ifor idevelopment iplanning iand icontrol, ihave iin ivarious iways ihampered ior ithreatened ithe idevelopment iof 

ithe iNiger idelta, iespecially iinfrastructural idevelopment, iwhich iis ia ikey ito iindustrial iand ieconomic 

idevelopment i[3]. iThe iGlobal iCompetitive iIndex i2017-2018 ilisted iunderdeveloped iinfrastructure ias ithe 

imost iproblematic ifactor ifor idoing ibusiness iin iNigeria. 

Much ihas inot ibeen idone, iby ivarious ibodies, ito iaddress ithe iproblems ithat imay ibe iattributed ito iits 

icomplexity iand ithe ienormous icost iinvolved. iThe iefforts iof iindividuals iand iorganizations icould inot iyield ithe 

irequired iresults ibecause itheir iefforts iwere ibased ion iisolated icases igeared itoward ithe idevelopment iof 

ipersonal iestates. iThere iis itherefore ia ineed ifor ia iholistic iand iintegrated iapproach ito isolving ithe 

ienvironmental iand igeologic iproblems iin ithe iNiger iDelta. iEngineering igeological imapping icomes iinto iplay 

ihere. 

Engineering igeology iis ithe iapplication iof igeological isciences iin iengineering ipractice ifor ithe ipurpose iof 

iensuring ithat ithe igeologic ifactors iaffecting ithe ilocation, idesign, iconstruction, ioperation, iand imaintenance 

iof iengineering iworks iare irecognized iand iadequately iprovided ifor i[6]. 

The iInternational iAssociation iof iEngineering iGeology iand ithe iEnvironment idefines iengineering igeology 

ias: 

 i“Engineering iGeology iis ithe iscience idiverted ito ithe iinvestigation, istudy iand isolution 

iof iengineering iand ienvironmental iproblems iwhich imay iarise ias ia iresult iof ithe 

iinteraction igeology iand ithe iworks ior iactivities iof iman, ias iwell ias ithe iprediction iand 

idevelopment iof imeasures ifor ithe iprevention ion iremediation iof igeological 

ihazards”[11]. 

There ihas ibeen ia inew ifocus ion iapplying igeologic iknowledge iand iskills ito ibroad-ranging iengineering, 

ienvironmental, iand isocio-economic iissues, iwhich irequires iintegrated iearth-science iknowledge i[4]. iThe 

itraditional iexamination iof iseparate, iindependent icomponents imust ibe ireplaced iwith ithe iidea iof ian 

iintegrated, iholistic iapproach. iThis iconcept iemphasizes iinteractions iand ilinkages irather ithan icomponents 

iand itrends, irather ithan iengineering igeological imapping, iand iprovides ia inew iparadigm ishift itoward ian 



 

 

iintegrated iand iholistic iapproach ito isolving igeological iand ienvironmental iproblems. iIt iemphasizes 

iinteractions, ilinkages, iand itrends. 

For iproper iunderstanding iof ithe ienvironmental iand igeological iproblems iin ithe iNiger iDelta, ia idetailed 

iengineering iand igeological imapping iof ithe isuperficial isoils iof ithe iNiger iDelta ibecomes inecessary. iThis 

ihas ibeen iemphasized iby i[4][2]. 

The iaim iof ithis istudy iwas ito iprepare ia iset iof iengineering igeological iparameter imaps iprimarily ito iguide 

idecision-making iin ienvironmental idevelopmental iplanning, icontrol, iand imanagement. iIt iinvolved ia 

idetailed isoil iinvestigation iin iaccordance iwith iapproved iscientific istandards. 

Mapping iis ivery iimportant iin isynthesizing ifield idata iin iengineering igeology, iespecially isubsurface 

igeotechnical iinvestigations. iWith ithe iapplication iof iGIS, iengineering igeological imapping ifor 

ienvironmental imanagement iand iplanning ihas ibecome imore icommon. iGIS ihas ibecome ia ihandy itool iin 

ithe ipreparation iof imore iaccurate iand idetailed imaps ifor iengineering iand igeoscience iplanning. i[6][10]. 

iLiterature ion ithe isubject i[8] i[7][11]. 

1.1 Study iLocation i 

The istudy iwas icarried iout iin iSouth-East ipart iof iPort iHarcourt, iRivers iState, iNigeria iin ithe iSouthern iNiger 

iDelta. iIts ienvironment, igeology, iclimate iand ihydrogeology iare ias iof ithe iNiger iDelta. i 

Geographically, ithe istudy ilocation iis ibetween ilatitude i4.43.1N iand i4.46.8N iof ithe iEquator iand iLongitude 

i7.15.9E iand i7.17.3E iof ithe iMeridian. iThe isite iis ia imangrove itidal iflat iwith ithe iBonny iRiver ias ishore-line. 

iThe iNiger iDelta ihas ia icris-cross iof irivers ipall iemptying iinto ithe iAtlantic iOcean iwith iseveral imorphological 

iunits isuch ias imeander ibelt, icoastal iplain isentiments ibeaches, ifresh iwater iswamp ideposits, imangrove 

iswamp iamong iothers i[2][5]. iThe iarea ihas itwo idistricts iclimatic iseason ithe iraining iseason ifrom iApril ito 

iOctober iand ithe idry iseason ifrom iNovember ito iMarch. iThe iannual imean irainfall iis ivery ihigh, iaveraging 

i4000mm i[11]. 

 



 

 

 

 

 

 

 

 

 

 

 

 

Figure i1: iLocation iMap iof ithe iStudy iArea 

 

2.0 Materials iand iMethods 

The istudy iinvolved iboth ifield iand ilaboratory ianalysis iusing iboreholes, iparticle isize ianalysis, ioedometer 

itests, iand ithe itriaxial itest. iIn-situ iresults iwere icompared iand iintegrated iwith ilaboratory iengineering iand 

igeological iproperties. iSample ilocations iwere ireferenced iusing iMeller iGPS. iIn iall, iabout i18 ilocations iwere 

isampled. 

Borings iwere icarried iout iwith ia ishell iand ihang iauger irig. iThe ibore ipositions iare ishown ion ithe isite iplan. 

iBoring iwas iup ito i30 imeters, ialthough ithis istudy iwas ilimited ito i7 imeters. iDuring ithis ioperation, iboth 

idisturbed iand iundisturbed isamples iwere icollected. iDisturbed isamples iwere icollected iat iregular iintervals 

iof i0.75 im iand iwhen ia ichange iin isoil itype iwas inoticed ifor ilaboratory ianalysis. iUndisturbed, icohesive isoil 

isamples iwere iretrieved iwith ia iconventional iopen-tube isampler, i100 imm iin idiameter iand i450 imm iin 

ilength. iAll isamples irecovered ifrom ithe iboreholes iwere iexamined, iidentified, iand iroughly iclassified iin ithe 

ifield. 

 



 

 

 

2.1 Laboratory iTests 

A iseries iof iclassification itests iwere icarried iout ion ithe idisturbed isamples iin iaccordance iwith ithe iBritish 

iStandard i(BS i1377 iof i1990). iClassified itests iwere idone ito iverify iand iimprove ithe ifield iidentification iand 

iclassification iof ithe isamples. 

 The itest iincluded inatural igrain isize idistribution, imoisture icontent, iunit iweight iand isoil 

iconsistencies i(Atterberg ilimits). 

 The irelatively iundisturbed isamples iwere ianalyzed ito idetermine ithe idesign/strength iparameters, 

isuch ias iconsolidation iand icompressibility. 

 Undrained itriaxial itests iwere iperformed iwith ithe iobjective iof idetermining itheir iundrained icohesion 

i(Cu) iand ithe iangle iof iinternal ifriction i(θ). i 

3. Results i 

This isection ipresents iand idiscusses ithe itest iresults iand itheir iapplication iin iengineering igeological 

iparameter imapping iof ithe ilocations. 

3.1 iSubsurface iLithology iCharacteristics 

The isoil istratigraphy ias idetermined ifrom ithe iresults iof iborings, iin isitu ipenetration, iand ilaboratory itesting iis 

ias ifollows: 

 Dark iOrganic iPeaty iClay i(DOPC) 

 Dark iGrayish iSilty iClay i(DGMC) 

 Dark iGrayish iSandy iClay i(DGSC) 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Figure i2: iRepresentative iStratalog iof iStudy iArea i 

 

Table i1. i iCharacteristics iof ithe ivarious iLithological iTypes i i 

S/N Soil iType i Depth i(m) Engineering iGeological 
Characteristics 

1 Dark iOrganic iPeaty iClay i(DOPC) 0.0-1.0  Dark ibrown iin icolour 
 High iOrganic icontent 
 Fair ito ipoor icompaction icharacteristics 
 Medium ito ihigh icompressibility 
 Ability ito iswell iand ishrink 
 Sensitive ito iwater 
 Poor idrainage icharacteristics 
 Belongs ito iCL igroup iin ithe iUSCS 

iclassification 
2 Dark iGrayish iSilty iClay i(DGMC) 1.0-5.0  Dark iand igrayish iin icolour 

 Some iOrganic imatter 
 Poor ito ifair icompaction icharacteristics 
 Highly icompressible 
 Swelling iand iexpansion iabilities 
 Low ihydraulic iconductivity 
 Impervious iand idifficult ito idrain iwater 
 Belongs ito iOH igroup 

3 Dark iGrayish iSandy iClay i(DGSC) 5.0-13.0  Dark iclay iwith ifine isand 
 Fair ito igood icompaction 

icharacteristics 
 Limited icompressibility 
 Poor idrainage icharacteristics 



 

 

 Fairly istable ias ifill imaterial 
 Belongs ito iSC. 

 

The istratigraphic isequence iis iconsistent, ibut ivariations iin ithe ithickness iof ithe ilayers iwere iobserved. 

iOrganic iclay ion itop ifollowed iby isilty/sanding iclay iwith imedium iplastic ito ifirm iclay iat ithe ibase. 

The idark iorganic isilty iclay iis ithe itop ilayer. iIt ihas ia idepth irange iof i0.0 ito i1.0 im iand ian iaverage ithickness iof 

i1.0. iIt iis iclassified ias iOL iunder ithe iUnified iSoil iClassification iSystem i(USCS). iThe isecond istratigraphic 

ilayer iis ithe idark igrayish isilty iclay iwith ian iaverage ithickness iof i4.0 im i(ranging ifrom iabout i1.0 im ito i5.0 im). 

iIt iis iclassified ias i"OH." iIt iis imade iup iof iorganic isilty iclay iof imoderate iconsistency. iThe ithird istratum 

iencountered iwas ithe idark igrayish-firm isilty iclay iat ian iaverage idepth iof i6.0 im iand ian iaverage ithickness iof 

i8.0 imm. iIt iis ihigh iin iconsistency iand ibelongs ito ithe iCH iunder ithe iUnified iSoil iClassification iSystem 

i(USCS). iOther idetails iof ithe iabove istratigraphic ilayers iare igiven iin iTable i1. 

3.2 Grainsize iAnalysis i 

The ivalues iof ithe igradation ipattern ifrom ithe ianalysis iare ipresented iin iTable i2. iThere iare ino isignificant 

idifferences iin ithe ivarious iproperties iwithin ithe isame imajor isoil igroup; ihence ithe iranges iand isometimes 

iaverage iof ivalues ifrom idifferent iboreholes irather ithan itypical ivalues iare iused. 

In iall ithe ilocations i90% iand iabove ipassed ithrough i4.75mm isieve ifor ithe iorganic iclay, i80-95% ifor ithe 

i4.75mm isieve, iwhile ithe i2µ isieve iretained ibetween i0-18% ifor iall isoil itypes. 

Table i2: iRepresentative iGrain iSize iDistribution iPattern i 

S/N Soil iType % iPassing iSieve iSizes 

Symbol >4.75 4.75m 75µ 2µ 

1. Dark iOrganic isofty isilty 

iclay 

OH 90–98 80–95 65–76 5–9 

2. Dark isandy iclay isoil SC 80–95 61–65 45 12–15 

3. Dark iMedium iPlastic iClay CH 70–96 50–55 26 10–18 

 

3.3 Consistency iIndices iof ithe iSoils i 



 

 

Both ithe iAtterberg ilimits i(Liquid ilimit iLL; iPlastic iIndex iPI) iwere idetermined iin iaddition ito ithe inatural 

imoisture icontents i(wn). 

The ivalues iof ithe iAtterberg ilimits iwere idetermined iin iaccordance iwith iASTM iD423 iand iAASHTO iT89 iand 

ithe iresults iare ipresented iin iTable i3. iThe iresults ishow ihigh ivalues ifor iboth ithe iliquid ilimit iand iplasticity 

iindex; iranging ifrom i34% ito i40% ifor iLL iand i7 ito i25 ifor iPI. iAs iexpected, ithere iis ia ihigh ipercentage iof iwater 

idue ito ithe imeteorological iconditions iof ithe iarea iand itheir inearness ito ithe isea. iThe imoisture icontent 

iranges ifrom i20 ito i70%. i 

Table i3: i iConsistency iof iSub-soils iin ithe iArea 

S/N Soil iType Symbol i Liquid iLimit 

i(%) 
Plasticity 

iIndex i(%) 
Moisture 

iContent 
1. Dark iorganic isoft isilty i OL 35.0-38.2 7.4-8.2 20.3-22.5 

2. Dark igreyish isilty iclay i OH 34.0-35.8 8.2 20.3 

3. Dark ifirm isilty iclay i CH 34.0-40.0 10-12 24.8-32.6 

 

3.4 Drainage iCondition i/ iPermeability i i i 

Generally, ithe iwater itables iwere iencountered iat ishallow idepths ifrom i0.30m ibelow iground isurface iduring 

ilow itides ito isometimes isubmerge iduring ihigh itides. iThis itidal ieffect iis ia iverification iof ithe ihigh 

ipermeability iof ithe ishallow isoils, iin ithe iarea. iValues iof iCoefficient iof ipermeability i(K) iobtained iduring 

iconsolidation itests ion ithe itop i1.50 i- i3.00m isoils iindicate imoderate ipermeability ivalues. 

The ivalues iof ipermeability iand itheir ieffect ion idrainage iand iconsolidation icharacteristics iof ithe ivarious isoil 

iprofiles iare ipresented iin iTable i4. 

 

3.5 Consolidation iTests 

The iresults iof iConsolidation itests icarried iout ion irelatively iundisturbed isamples iusing iTerzaghi ione-

dimensional iConsolidation i(Oedometer) itest iare ipresented iin iTable i4. iTwo iparameters; iCo-efficient iof 

iVolume iCompressibility i(Mv) iand iCo-efficient iof iConsolidation i(Cv) iwere idetermined iover ia ipressure 



 

 

irange iof ibetween i50 iand i40kPa ion icohesive isamples. iThe ivalues irange ifrom i0.98M2/MN ito i2.5m2/MN ifor 

iMv iand i1.32m2/MN ito i8.0m2/MN ifor iCv irespectively. 

Detail iresult ishows ithat ithe icoefficient iof icompressibility i(Mv) ifor ithe iorganic isoft iclay i(OL) iis ibetween i1.12 

ix i10-
 im2/MN iand i1.40 ix i10-

 im2/MN. iThe idark igreyish isilty iclay i(OH) ibelow ihad ivalues ibetween i0.98 

im2/MN iand i1.25m2/MN. i 

Table i4: iConsolidation iand iDrainage iCharacteristics iof ithe iVarious iSoil iLayer i 

Soil/Strata iType i Depth 

iRange 

i(m) 

Co-efficient 

iCompression 
(Mv(m2/Mv) i i 

Co-efficient 

iConsolidation 
Cv(m2/yr) 

Co-efficient 
Permeability i 

(k)m/s 

Remarks i 

 
Dark iorganic isoft isilty iclay 

i(OL) 

0.00 1.20  
1.32-1.60 

1.5 ix i10-5 Highly 

iCompressible i 
1.00 1.40 2.30 ix i10-7 Moderately i 

Impermeable 
 
Dark igreyish isilty iclay i(OH) 

1.00 0.98  
1.27-1.45 

2.50 ix i10-4 Moderately 
Impermeable 

5.00 1.27 3.5 ix i10-8 Moderately 
Compressible 

 
Dark igreyish ifirm isilty i(CH) 

5.00 1.07  
1.19-1.45 

2.65 ix i10-4 Moderately 
Compressible 

13.00 1.26 3.00 ix i10-6 Highly 
Impermeable 

 

3.6 i Bearing iCapacity iof ithe iSub isoils 

The iTerzaghi iformula ifor icomputing ithe ibearing icapacity iof isoils ibased iin ilaboratory iresults iwas iused iin 

icomputing ithe ibearing icapacity iof ithe isub isoils iat ivarious isample ipoints. iThis iis igiven ifor irectangular 

ifooting ias; 

 
Qu i= iCNc i(l+O.3B/L) i i+ i iYDfNqRw1 i i+ i i0.5YBNq i(l-0.2B/L) iRw2      i i i i i1 

Where; i 

Qu  i= i ultimate ibearing icapacity 

 C i = i undrained icohesion iof ithe isoil 

B i = width iof ifooting 

L i = Length iof ifooting 

Y i = i Unit iweight iof isoil 



 

 

Df  i= i Dept. iof ifooting 

Q i = Angle iof ifriction ias iO ifor iundrained icondition iof isoil. 

Rw1 i = i reduction ifactor ifor iwater itable iabove ithe ibase ilevel iof ifoundation i i i i i i i i i i i i i i i i 

 = i i 0.5 i(1 i+ iDw1/Df 

 Rw2 = i reduction ifactor ifor iwater itable ibelow ithe ibase ilevel iof ifoundation i i i i i i i i i i i i i  

  = i i0.5 i(1 i+ iDw2/B) 

 
Value iof ivarious istrength iCharacteristics iare ipresented iin itable i5. 

Table i5: iStrength iCharacteristics iof ithe iVarious iSoil iLayers i 

S/N Soil iType Symbol i U-U iTri-axial iTest i 
Ɵu(0) Cu(kPa) 

1. Dark iorganic isoft isilty i OL 4 41.4 i- i48.5 

2. Dark igreyish isilty iclay i OH 4 56.6 i- i65.6 

3. Dark ifirm isilty iclay i CH 4 73.0 i– i80 

Source: iSurvey iData 

Settlement iComputations 

The ilikely isettlement ias ia iresult iof ivertical iloading iwas icomputed iconsidering isubsurface ilithology iand ithe 

ilikely iland iimprovement imethod. iSettlement iprediction iwas imade ifor ia ifoundation idepth iof i2.5m. 

The isettlement iof ieach ilayer iwas icomputed iusing iskepton iand iBieranar i[9] iwhich igives iOedometer 

isettlement ias; 

S i= iMv i. idv i. iH i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i2 

Where; 

Mv = Coefficient iof iVolume iCompressibility i i 

H = i Thickness iof icompressible ilayer 

dv = i average ieffective ivertical istress iimposed im ithe iparticular ilayer iform iwet i foundation 

ipressure i(qn) 

 
4.0  iEngineering iGeological iParameter iMapping i 

Using ithe ifield iand ilaboratory icharacterization iresults, iiso-contour imaps ifor iliquid ilimits i(LL), iCohesion, 

iFriction iangle, iBearing iCapacity iSettlement iwere iproduced. 



 

 

The icomprehensive iapproach iemphasized iby i[10][7]are ihereby ilisted; i 

 Acquire ia irather icomplete iset iof iengineering igeological idata 

 Field imap isystematically ilayer iarea iin idifferent iscales 

 Collect ithe icomprehensive iinformation iin ispecial idata ibank 

 Use iGIS-based imapping itechnique 

The iProcedures iinclude; 

 Geotechnical icharacterization iof ithe isuperficial ilayers iwithin ithe idepth iof iinterest ibased ion 

iparameters iselected. 

 Generation iof ia ispatial ibase imap iusing iGoogle iearth iwith igeo-referenced isample ilocation ipoints 

iand ithe iparameter ivalues iwere itransferred ito ieach ilocation ipoint. 

 The igeotechnical iparameters iobtained iduring ifield iand ilaboratory ianalysis imaintained iin 

iSpreadsheet iExcel i2013 inoting itheir ireference ico-ordinates. i 

 Using ia iGIS itechnology itool iSurfer iII, ithe ibasic iinformation iis itranslated iinto idigital itopographic 

idatabase iwhich igenerates ia inew ifile iof iworksheet. iThe ifile iis igridded iand ithen iplotted ito icreate 

ithe icontours. 

 In ithe ifinal imap, iparametric ivalues, iwhich inow ifeature iclasses, iare irepresented iby ishaded icolor 

icodes 

 

Table i i6: iAnalyzed iGeotechnical iData 

Easting Northing i Liquid 

iLimit i(%) 
Cohesion 

(kPa) i 
Angle iof 

iFriction 

i(θ0) 

Bearing 

iCapacity i 
KN/m2 

Settlement 
i 

(mm) 
T90 

(Yrs i) 

278533.2 524913.2 33.6 62.3 5 189.94 82 7.42 
278563.9 524870.1 32.1 68.4 6 162.35 80 4.27 
278563.7 524805.5 35.8 56 4 191.67 69 2.8 
278564 524900.8 26 64.4 4 135.27 352 3.69 

278594.7 524863.8 24.5 75 6 155.27 168 3.65 
278625.4 524820.7 29.2 79 6 201.08 70 5.69 
278533.4 524993 24 80 4 172.87 332 3.92 
278625.8 524952.8 26.5 64 4 175.32 172 4.81 
278656.4 524863.6 31 67 6 156.81 148 4.33 
278687.1 524829.8 24.5 78 4 198.1 63 4.81 
278687.1 524829.8 29.8 62 6 169.07 84 5.1 
278748.8 524860.3 25 58 4 202.37 96 3.86 



 

 

278687.4 524943.4 37.2 43.2 6 185.62 97 4.72 
278625.9 524980.5 25 59 4 172.72 128 5.06 
278687.6 525023.3 29 46 6  217 4.48 
278656.9 525054.1 26 53 4    
278687.7 525051 38 43.5 5    
278626 525038.9 35.8 46.3 6    

  i 

 Using ia iGIS itechnology itool iSurfer iII, ithe ibasic iinformation iis itranslated iinto idigital 
itopographic idatabase iwhich igenerates ia inew ifile ior iworksheet. iThe ifile iis igridded iand ithen 

iplotted ito icreate ithe icontours. 
 

 In ithe ifinal imap, iparametric ivalues, iwhich inow ifeature iclasses, iare irepresented iby ishaded 

icolor icodes. i i 
 

 i 
 

 i 
Figure i3: iLiquid iLimit 

 i 
 
 
 
 

N 



 

 

 i 
Figure i4:Cohension 
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Figure i5: iAngle iof iInternal ifriction 
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Figure i6: iBearing icapacity 
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Figure i7: Settlement      
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4. Discussion i 

The irange iof ithe iconsistency ivalues i(LL iand iPI) iare igood iindications iof ithe ilikely ibehavior iof ithe iclayey 

isoils iin ithe ipressure iof iexcess iwater, iknowing ithe iarea iis ia iplace iof ilong iand iheavy irainfall. iThe ihigh 

iplastic isoils iwill itake ia ilonger iperiod ito ialso idry. iThis iis ia iproblem iin ithe iwider iDelta ibecause iof ithe ilong 

iseason iof irainfall, iabout inine imonths iin ithe iyear. 

The imoistures icontents iof ithe iclays iare ihigh iand ithis iis iinfluenced iby ithe ihigh irate iof iprecipitation, ithe 

iorganic icontent iand ithe idrainage iconditions. iThe iclays, iespecially ithose iat ithe itop ilayers iare ihigh iin 

iorganic icontent. iThe imoisture icontent iof ithe isoils iis iexpected ito ivary iwith ithe iseason. iThis iwill icreate ia 

ivolume ichanges iin ithe iclaying isoils iresulting ito iexcessive iswelling iand ishrinkage. iIn iterms iof 

icompressibility, ithe iclay ilayers ihave imedium ito ihigh icompressibility iwith ilow irate iof iconsolidation, itheir 

ivalues iof ico-efficient iof icompressibility iand iconsolidation iare itypical icharacteristics iof iclay isoils iin ithe 

iNiger iDelta i[4][13]. 

The igenerated imaps iare ipresented ifrom iFigures i3 ito iFigure i7 iThese imaps icover ia iwider iarea; ithey igive ia 

ibroader ioverview iof ithe iengineering igeological ipicture iof ithe iregion iwhich iis iimportant iin istrategic 

iplanning, idevelopment iand imanagement iof ithe ienvironment ifor isustainable idevelopment. iThey iare ialso 

iuseful ifor ireconnaissance istudy igiving ithe igeoscientist ia igeneral ipicture iof ithe iarea, ito iprepare ihim ifor ia 

imore idetailed iand ispecific iinvestigation, iif inecessary. 

 

Conclusion 

This istudy ihas idemonstrated ithe iapplication iof iengineering igeological imapping iin iengineering igeological 

iinvestigations. iHowever, ithere iis inote iof icaution. iThese imaps iare inot iintended ireplacement ifor idetailed 

istudies. 

Most iof iwhat iwe iwant ito iknow iis ihidden isubsurface iand ithus ivery idifficult ito idiscern. iEven ithe imost 

ithorough iinvestigation iprogram iencounters ionly ia ismall ifraction iof ithe isoil ibelow ithe isite. iWe ido inot iknow 

iwhat iconditions iexist ibetween iborings, iand ionly irely ion iinterpolation iprocesses. iAccordingly, iin 

igeotechnical iprojects, iit iis idesirable ito iencounter ithe iunexpected iconditions. iAdoption iof ithe iobservation 

imethod ibecomes imost icost ieffective iapproach i[9]. 
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