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ABSTRACT
Theresultsobtainedon bothcementpastesampleswith and without silica
fumes and mortars with and without silica fimesi show that there is an
InterracialTransitionZone (ITZ) effect on the alterationof the mechanical
propertiesdueto leaching.O 1997Elsevier Science Ltd

Introduction

Leachingof cement-basedmaterialsby de-ionizedwaters leads to an increase in porosity
and a decreaseof mechanicalproperties.Thischemicalattackinducesa total leachingof the
porthmditeand a progressivedecalcificationof the C-S-H(l). Becauseof the slow leaching
kineticsobtainedby using de-ionizedwaters, an acceleratedmethod(usingNH4NOJSOIU-
tion)was performed.A physicaland chemicalmodelof the leachingprocesshas been pro-
posed by Adenot and Buil (2), and a prediction model of the decrease of mechanical
performancesestablishedby Cardeet al. (3). Thesemodelswere validatedon cementpastes
only, whereas the final aim of the researchprogramis to forecast the concrete’sbehavior
duringthe leachingprocess.By usingmortarinsteadof cementpaste,two additionalphases
are introduced:aggregateand ITZ definedby Farran(4). Indeed,the presenceof aggregates
tendsto modifythe microstructureof cementpasteat the interface.Froma theoreticalpoint
of view,higherprosity and higherportlanditecontentof the ITZ shouldfacilitatethe pene-
tration of externalaggressiveagentsand increasecalciumleaching.However, recent data
tendsto showthat the effect of the ITZ on the leachingkineticsis limited(5). Furthermore,
the use of silicaties to producemortarsand concretesleadsto a resorptionof the ITZ (6).
This paper presentsthe results of an investigationcarried out in order to definebetter the
effectof the ITZ leachingon the mechanicalpropertiesof mortarsin contactwith an aggres-
sive solutionof NH4NOJandthuswith de-ionizedwaters.me resultsthus obtainedon mor-
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MaterialsandSampling

The cement used is an OPC CEM I 42.5 whose chemical
Table 1.
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ChemicalCompositionof OPCCEM142.5Cement

Element I SiOz AIz03 FezOS I Cao so?
YO mass 20.18 I 4.93 3.04 63.44 3.18 1

To comparethe resultswith thoseobtainedon the cementpastes(3) two differenttypesof
mortarswere investigated.In the first one, the binderwas only the same OPC cement (Ml)
than the one used for cementpaste,whereasin the secondone the binderwas a mixtureof
the sameOPC cementand silicafumes(MJ. The silicafumeused is 30’%0substitutedof the
cement weight. This high content of silica fume used is to be sure that all the calcium
hydroxideis consumedin order to modi~ the mineralogicaland microstructuralproperties
of the ITZ. The aggregateused was a siliceoussand.Compositionsof the two mortars are
reportedin Table2.

The samples used were cylinderswhose diametersare 10, 14 and 30 mm with a ratio
ld$ = 2 (h height of the sample).After curing, the sampleswere extracted from the test
piecesby meansof a diamond-tippedcore lubricatedwith water. For each samplesize, two
seriesof sampleswere made,the frst onewas immersedin the aggressivesolution(treated
series),the otheronekept in an endogenousenvironment(controlseries).

ExperimentalProgram

Because of the slow leachingkinetics obtained by using de-ionized
water, an ammoniumnitratesolutionwas used in orderto degradethe samples.The similar-
ity of these two aggressiveenvironmentswas establishedmineralogically,chemicallyand
mechanicallyin a previouswork(7). In the caseof purecementbasedmaterial,the actionof
thesetwo solutionsleadsto a totaldissolutionof the portlanditeand to a progressivedecalci-
ficationof the C-S-H in the fwsthalf of the degradedthickness(3). In the case of cement-
basedmaterialwhichcontainsenoughsilicafumesto consumeall the portlanditeby pozzo-
lanicreaction,the degradationleadsonlyto a progressivedecalcificationof the C-S-Hin the
wholedegradedthickness(3). The use of the NH4NOSsolutionallowsthe leachingkinetics
to be accelerateda hundredfold, andthusto obtaindegradedratiosrangingfromOto 1.For
cylindricalsamples,the degradedratiowas definedby dividingthe leachingareaof the cross
section (Ad)by the total area of this section(At).This ratio is equalto Owhen the leaching
has not started,and to 1whenthe soundzonehas disappeared.The degradedthicknesswas
measuredby opticalmicroscopy.

TABLE2

Compositionof the MortarsExperimented

Cement Sand 0.6/l.2 mm Sand 1.212.5mm Silica fume Water
Ml (kghns) 673 942 404 0 269
Mz(kg/mJ) 402 804 345 172 230
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FIG. 1.
Cementpastesandmortarssamplespartiallyleached.

Mech~ical Tests. Bothtreatedandcontrolsampleswere subjectedto a compressiveloadto
measuretheir compressivestrengths.The displacementspeedwas checkedduringthe load.
The forceappliedon the samplewasmeasuredduringthe test.Thecompressivestrengthwas
evaluatedby dividingthe maximalloadF.11by the meaof the s~ple S.

ExperimentalResults

Bourdette(5) has shownthat there are no effectsof ITZ on leachingfrontand kinetics.As a
result, the leaching of cement paste and mortar samples is characterizedby a peripheral
degradedzoneand a bulksoundzone(Fig. 1).

Tables 3 and 4 presentthe experimentalresultsobtainedon mortar withoutsilica fumes
and mortarswith silicafumesrespectively.To comparethe alterationin mechanicalproper-
ties betweenthe differentseriesof samples,the resultswere expressedin relativevaluesas
follows:

TABLE3

CompressiveStrengthin Relationto the DegradedRatiofor the
MortarWithoutSilicaFumes

$ A(JAI ~T~~ntrd Devi;~tirm 0,1degraded Deviation AaiG

(mm) (MPa) (MPa) (MPa) (MPa)

().46 52.5 2.6 29.8 2.7 0.432

10 0.76 52.5 2.6 15.7 I.7 0.700

0.92 50.8 2.6 6.5 1.0 0.872

I.00 50.8 2.6 4.7 0.9 0.907

().53 58.5 2.8 32.0 2.1 0.453

14 0.68 58.5 2.8 25.0 2.6 0.573

1.00 52.7 2.9 7.4 1.4 0.860

0.41 55.2 2.5 35.2 1.5 0.362

30 0.56 55.2 2.5 30.6 1.3 0,446

0.66 63.7 2.3 26.7 0.3 0.581

0.94 66.0 2.8 14.8 0.6 0.776
b
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TABLE4

CompressiveStrengthin Relationto the DegradedRatiofor the MortarWithSilicaFumes

‘$ A,IIA, ~’r~(>ntrd Devintion rJ,Idegraded Devia(ion Ada

(mm) (MP:I) (MPi~) (MPu) (MP@
0.37 57.8 2.2 49.6 2.9 0.142

10 0.58 57.8 2.2 48.7 2.5 0.157
().76 56.9 3.0 43.8 2.1 0.230
().96 56.9 3.0 35.1 2.6 0.383

14 0.27 54.9 2.7 51.2 2.5 0.067
0.80 53.0 2.5 38.3 2.4 0.277

0.36 74.4 1.9 63.5 2.5 0.147
30 (),49 74.4 1.9 61.1 3.0 ().179

0.57 71.5 2.6 58.6 0.8 0.180
().70 73.1 3.1 54.9 2.4 0.249 4

where 6T is the averagecompressiveStTeSSof the COntI’01group,and ~cIiSthe averagecom-
pressivestressof the degradedgroup.

Like those obtainedon the cementpastes(3), these resultsshowthat the leachingprocess
leads to a decrease in the compressivestrengthwhich is less significantin the case of the
mortarcontainingsilicaties.

Modeling

To comparethese resultswith those obtainedon the cementpastes, the model of stresses
distributionat the ruptureproposedby Cardeet al. (3) was applied.This model is based on
threeassumptions.

1.)

2.)

the stressat ruptureis directlylinkedto the solidcalciumcontentpresentin the material,
determinedby a microprobeanalysis.Thishypothesisis illustratedin Figure2 (e is the
degradedthickness,and r is the radiusof the sample).The removalof the calciumhy-
droxide leads to a sharp loss of stress whereas the progressivedecalcificationof the
C-S-Hinducesa progressivelossof strength.Sinceexperimentalresultsshowthat there
is a residualstrengthaftertotaldegradationand as the calciumcontentremainsconstant
at the edge of the sample, the minimal stresses reached in the leaching zone ~T-c

(Fig. 2a) or ~T.Pand ~T.p (Fig.2b) are assumedto be constant.
Alterationsof themechanicalpropertiesof the C-S-Hdueto the leachingprocessare the
sameforbothC-S-Hin thepurepasteand in the pastewith silicatie. Thisassumption
is expressedas follows:

—
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FIG.2.
Modeling of stress distribution for both sound and leaching zone for a cement based
material;ithout calciumhydroxide(la) andwithcalciumhydroxide(lb).

3.) The sample behavior is close to a perfect elasto-plasticbehavior. This elasto-plastic
propertyof the surroundedleachingzone leadsto the conclusionthat the globalbehav-
ior of the sampleis the sumof thebehaviorof both Ieachingand soundzone.

To sirnplifi the calculation,the ratiosRT,R., RPet & are definedas follows:

RT = ~ = 1 ; RP = @ ; Rq = = ; Rc = ~ ;
~’C UT ST CT

By comparingthis model with the experimentalresults it is possible to determinethe
parameter R in the case of cement-basedmaterials without calcium hydroxide, and the
parameters& and&in the caseof cement-basedmaterialswith calciumhydroxide.

The resultsobtainedon bothmortarsarepresentedin Fig.3, andthoseobtainedon cement
pastes(3) are alsorecalledin this figure.

Characteristicparametersof stress profiles obtainedwith the model proposed are pre-
sentedin the Table5 forbothcementpastesandmortars.
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FIG.3.
Comparisonbetween model and experimentalresults for mortars with and without silica
fumes.

On one hand these results showthat the parameterR. is similarfor mortar and cement
pastewith silicafumes.On the otherhand in the case of materialswithoutsilicaties, the
parameters& and ~ are significantlydifferentbetweenthe two materials.

Discussion

Leachingof cementpastesand mortarscausesa totaldissolutionof calciumhydroxideand a
progressivedecalcificationof C-S-H.Themaindifferencebetweenthesetwo materialsis the
presenceof ITZ in mortars.Furthermore,the use of silicatie allowstwo differentITZ to
be studied.Theresultsobtainedcan be explainedas follows:

— in the case of materials containingenough silica fumes to consume all the calcium
hydroxideby pozzolanicreaction,there is no differencebetweenthe paste and the mor-

TABLE 5

Parametersof the StressProfilesObtainedWiththe ModelProposed

Cement paste without Mortars without Cement paste with Mortars with silica
silica fumes silica fumes silica fumes fumes

RC 0.44 0.40

R,, 0.30 0.15

R,v 0.13 ().()6
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FIG.4.
Comparison of stress distributionprofiles at rupture between a pure cement paste and a
mortar.

—

tar. This result can be explainedbecause,in that case, ITZ propertiesare modifiedand
are closeto thoseof thebulkpaste(8).As a result,the leachingdoesnot leadto a lossof
cohesionof interracialzones.

in the case of materialswithoutsilica threes, the loss in compressivestrength is more
significantfor mortars than for the paste, becausethe ITZ containsmore ~alciumhy-
droxidethan the rest of the material(9). As a result,the preferentialleachingof this hy-
drate in the ITZ causesa loss of cohesionof the interracialzone betweenthe paste and
the aggregate,and then a more significantdecreaseof mechanicalproperties.The part
of ITZ leaching,obtainedwiththe modelproposed,is illustratedin the Fig.4.

Conclusion

To characterizethe effectof ITZ leachingon mechanicalpropertiesof cement-basedmateri-
als, the experimentalprogramwas carriedout on cementpastesand mortarswith and with-
out silica fumes. As previouslystated (7), there is no difference in leaching kinetics and
leachingfront betweencementpaste and mortar samples.But there is an ITZ effect on the
alterationof mechanicalproperties.As a result,the residualstrengthof the degradedzoneof
mortar representshalf of that for the paste. This differencecould be attributedto the ITZ
whichcontainsmoreportlanditein the caseof the mortars.Furthermore,silicafumesused to
obtainthe resorptionof the ITZ inducethe samemechanicalpropertiesof the degradedzone
for mortarsand paste.
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