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Soil formation from tailings disposed behind dams

3D modelling of the whole process of tailings disposal through spigotting, transport of sediments, 

sedimentation and consolidation simulating soil formation behind dams

Schematic of streamPlan view, flow direction and spigot disposal points of the analysed 

reservoir

This study was carried out in order to produce a tool to establish the mass of tailings to be stored in the 

reservoir
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Soil formation from tailings disposed behind dams

This study was carried out in order to produce a tool to establish the mass of tailings 

to be stored in the reservoir.



https://g1.globo.com/globonews/estudio-i/video/video-mostra-momento-exato-do-rompimento-da-barragem-da-

vale-em-brumadinho-7347700.ghtml

Brumadinho upstream tailings dam failure (Brazil)



Particle breakage 

associated to field 

compaction of filtered 

ore tailings for dry 

stacking



Filtered tailings improvement through Compaction

Whensomebodyis talking aboutmechanicalbehaviourof filtered tailings underhigh confining stresses,onesis talking

aboutalternativewaysof disposingore tailingsby stackingup to 300meters(or evenmore)in a safeway, avoidingany

possibilityof liquefaction/failure.

Fordoingso,thereis a knowledgeacquiredregardinggroundimprovementthatcanhelpin looking for possiblesolutions.

Looking at thefield, thefirst andmostpopularimprovementtechniqueis soil/filteredtailingscompaction.

22 tonnes vibratory roller compactor

(to compact layers of up to about 50 cm) 

Towed 22 tonnes three-sided impact 

compactor roller (effective to 2-4 m depth) 

Anotherpoint to benotedis that theproductionof oretailingsmight bein theorderof 50,000-100,000tonnesperday

in a unique place, needingto think about alternativesto compactinglayers of about 30-50 cm with standard

compactionequipment,by usingimpactcompactorrollers.



Particle breakage associated to field compaction of 

filtered iron ore tailings for dry stacking

Tailings dry stackare compactedin layers from the useof drum rollers that causescompactionand vibration efforts on the ground. Particle

breakageis usuallyobservedin granularmaterialswhensubjectedto externalloadsasoccurswith the increaseof thedry stackheight. However,

theparticlebreakagealsomayoccurduringthelayers'compaction. An iron oretailings(53.60% fine sand,39.90% silt, 6.40% claysizepresenting

78.4% of quartzand 17.2% of iron oxide) classifiedas silty sand(SM) was subjectto cyclic oedometer,compaction(Proctorat standardand

modifiedeffort), andvibration(determinationof maximumindexdensity)tests. Particlesizedistributionanalyseswereperformedbeforeandafter

testingall specimens.

The influenceof vibration on particle breakagewas evaluatedconsideringthe recommendationsof ASTM D4253. This standardpresentstest

methodsfor thedeterminationof themaximumindexdensityof cohesionlesssoilsusinga vertically vibratingtable.

Thecompactioncharacteristicsof thetailingsstudiedwereassessedunderstandardandmodifiedeffortsfollowing therecommendationsof ASTM

D698andASTM D1557, respectively

Cyclic oedometertestswereusedto simulatethe compactionof both tailings with drum rollers at field. Threepressuresdefined(1.9, 12.5, and

83.3 MPa) and consideringthe 100 mm samplediameter,the axial forceschosenfor oedometertestswere 15, 100, and 700 kN respectively.

Similar to the roller compaction,a loadingfrequencyof 35 Hz waschosen,in additionto a lower frequency(10 Hz) to evaluatethis influence.

Also, 100, 1000, and10000cycleswereadoptedin theloadingsto simulatedifferentnumbersof passesof theroller .

PSD after tests on cyclic oedometer equipment

PSD after compaction tests

PSD after emin tests

Consoli, N.C. et al. (2022).

ñOn the particle breakage associated to field compaction of iron ore tailings for dry 

stacking.ò G®otechnique Letters, ICE/UK (to be submitted for publication)



Particle breakage 

associated to high 

pressures (due to filtered 

compacted tailings dry 

stacking)



Tailings particle breakage when submitted to high pressures 

due to dry stack

Particle size distribution of two distinct gradings of untested and tested ore tailings.



Main option studied in 

Brazil to substitute 

upstream tailings dam:

Filtered compacted dry 

stacking (300 m high)



Influence of Grading and Fabric Arising from the Initial Compaction 

on the Geomechanical Characterisationof Compacted Copper 

Tailings

Velten, R.Z.; Consoli, N.C. et al. (2022).

ñInfluence of grading and fabric arising from the initial compaction on the geomechanical characterisationof compacted copper tailings.ò

G®otechnique (accepted for publication).

Copper tailingsô collection points.



Influence of Grading and Fabric Arising from the Initial Compaction 

on the Geomechanical Characterisationof Compacted Copper 
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Velten, R.Z.; Consoli, N.C. et al. (2022).
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G®otechnique (accepted for publication).

Parameters 
Samples

upper beach lower beach

Specific gravity ïGs 2.844 2.943

Gravel (%) 0 0

Coarse sand (%) 1.5 0

Medium sand (%) 61.0 20.0

Fine sand (%) 25.0 54.5

Silt (%) 10.5 22.5

Clay (%) 2.0 3.0

LL (%) - -

IP (%) Non-plastic Non-plastic

ASTM-USCS Classification SM SM

Maximum void ratio ïemax 1.050 1.127

Minimum void ratio ïemin 0.831 0.842

Standard Proctor optimum moisture content ïwopt (%) 3.12 5.43

Standard Proctor maximum dry density ïgdmax (kN/m3) 16.68 17.26

Physical properties of copper tailings.



Influence of Grading and Fabric Arising from the Initial Compaction 

on the Geomechanical Characterisationof Compacted Copper 

Tailings

Velten, R.Z.; Consoli, N.C. et al. (2022).

ñInfluence of grading and fabric arising from the initial compaction on the geomechanical characterisationof compacted copper tailings.ò

G®otechnique (accepted for publication).

Triaxial tests outcomes from specimens mouldedusing samples of the upper beach tailings: CID tests & CIU tests.
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Isotropic compression data of the upper beach tailings.
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G®otechnique (accepted for publication).

Stress paths and critical state lines in the q - pËspace for samples of the upper beach tailings.



Influence of Grading and Fabric Arising from the Initial Compaction 

on the Geomechanical Characterisationof Compacted Copper 

Tailings

Velten, R.Z.; Consoli, N.C.; et al. (2022).

ñInfluence of grading and fabric arising from the initial compaction on the geomechanical characterisationof compacted copper tailings.ò

G®otechnique (accepted for publication).

Critical state lines in the uïlog pËspace for samples of the lower beach tailings.



Another option studied 

in Brazil to substitute 

tailings dam:

Filtered compacted 

cemented dry stacking 

(300 m high)



Dry Stacking Compacted Cemented Tailings

Consoli, N. C.; Vogt, J. C.; Silva, J. P.; Chaves, H. M.; Scheuermann Filho, H. C.; Moreira, E. B.; Lotero, A. (2022). Behaviour

of compactedfilterediron ore tailingsïPortland cementblends: New Braziliantrendfor tailingsdisposalbystacking. 

AppliedSciences, 12, 836 (DOI: 10.3390/app12020836).



Consoli, N.C.; Foppa, D.; Festugato, L.; Heineck, K.S. (2007)

òKey parameters for strength control of artificially cemented soilsó 

Journal of Geotechnical and Geoenvironmental Engineering, v. 133 (2), p. 197-205. 

POROSITY/BINDER INDEX
Paradigmbreak: porosity/binderindex 

(2007)

313 citations (Web of Science)
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Paradigmbreak: porosity/binderindex 

controls theunconfinedcompressivestrength



Diambra, A.; Ibraim, E.; Peccin, A,; Consoli, N.C.; Festugato, L. (2017)

òTheoretical derivation of artificially cemented granular soil strengthó 

Journal of Geotechnical and Geoenvironmental Engineering, 143(5), 04017003. 

POROSITY/BINDER INDEX

Theorethicalderivationof theporosity/binderindex 

controllingtheunconfinedcompressivestrength

Diambraet al. (2017) establisheda theoreticalderivation of the porosity/binderindex.
Knowingthat theartificiallycementedsoil compositematerialis composedof thesoil phase
(thegranularmatrix)andthecementphase,assumingisotropyof thematerial,behaviorof the
cementedsoil at thefailurepointbeingdeterminedby superposingthestrengthcontributions
of both phases, failure of the compositecementedmaterial occurs as a result of a
simultaneousfailure of both the cementedand soil matrix phases,strain compatibility
betweenthe compositeandits two phasesand definingthe stateparameterin termsof the
materialporosity(ɖ),thefollowingequationwasderived:



Consoli, N.C.; Cruz, R.C.; Floss, M.F.; Festugato, L. (2010)

òParameterscontrollingtensileand compressivestrengthof artificiallycementedsandó 

Journalof Geotechnicaland Geoenvironmental Engineering, v. 136, p. 759-763 

POROSITY/BINDER INDEX

Porosity/cementratio (h/Civ) 

[controlsnotonlytheunconfinedcompressive

strength, butalsotensilestrength, triaxial

failureenvelope, stiffness(Go, Bo) amongst

othermechanicalproperties]
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òParameters controlling stiffness and strength of artificially cemented soilsó

G®otechnique, v. 62, p. 177-183 

POROSITY/BINDER INDEX
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òFundamental parameters for the stiffness and strength control of artificially cemented sand.ó

Journal of Geotechnical and Geoenvironmental Engineering, v. 135(9), p. 1347-1353 

POROSITY/BINDER INDEX

Triaxialresultson

sand-cementblends: 

uniquedeviatoric

stress - axial strain

curve

(uniqueh/Civ but triaxial 

testswithdistinctscement

contentsand distinct

porosities)



Consoli et al. (2017).

òBroad-spectrum empirical correlation determining tensile and compressive strength of cement-bonded clean granular soilsó. 

Journal of Materials in Civil Engineering 29 (6), 06017004

Shapes of studied sands using a scanning 

electron microscope (SEM): (a) angular silica 

sand obtained as a by-product of agate 

polishment; (b) rough sand made from 

crushed basalt; (c) granitic Porto sand; (d) 

rounded Osorio sand



Consoli et al. (2017).

òBroad-spectrum empirical correlation determining tensile and compressive strength of cement-bonded clean granular soilsó. 

Journal of Materials in Civil Engineering, 29 (6), 06017004

Unconfinedcompressivestrength(qu) of silica sandobtainedasa by-productof agate

polishmenttreatedwith early strengthPortlandcementcontentfor threedistinct void

ratioand7 daysascuringperiod.



Consoli et al. (2017).

òBroad-spectrum empirical correlation determining tensile and compressive strength of cement-bonded clean granular soilsó. 

Journal of Materials in Civil Engineering, 29 (6), 06017004

Examples of best-fit curves of qu (or qt) versus ɖ/Civ for studied sands treated 

with Portland cement



Consoli et al. (2017).

òBroad-spectrum empirical correlation determining tensile and compressive strength of cement-bonded clean granular soilsó. 

Journal of Materials in Civil Engineering 29 (6), 06017004

Normalization of qu or qt(for the whole range of ɖ/Civ) by dividing for qu or qtat ɖ/Civ

= 20, considering distinct Portland cement types under curing times from 2 to 28 days.



Consoli et al. (2016)

òA unique relationship determining strength of silty/clayey soils-Portland cement mixesó. 

Soils and Foundations, 56 (6), 1082-1088.

Fine-Grained Soil-Cement Dosage

Normalisationof qu(for the whole range of ɖ/Civ
0.28) with adjusted porosity/cement index for all fine-grained 

soils studied and considering distinct curing periods (3, 7 and 28 days). 



Consoli et al. (2016)

òA unique relationship determining strength of silty/clayey soils-Portland cement mixesó. 

Soils and Foundations, 56(6), 1082-1088.

Fine-Grained Soil-Cement Dosage

Curve obtained using Eq. (7) and lab-testing data 

for (a) gold tailings - Portland cement and (b) 

coal fly ash-Portland cement.
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Compacted filtered iron ore tailingsïPortland cement blends
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Durability, strength, and stiffness of compacted gold tailings ðcement mixes
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