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1. Introduction

The sulfate crroson of conaete is a process in which a series of chemicd readions between
migrated sulfate ionsand adive onaete paticles lea to the degradaion of conaete structure [1].
The produd of this readion, astrongy expansve aysta — dtringite, eerts a presaure on the
surrounding conaete wall s, which leads to propagation of pre-existing microcradks. The dtringite
may crystallize in two type of readions throughsolution reat¢ion and topocemicd readion.
Despite long lasting discusson in spedalized literature thee's still no areament beween
reseaches which type of readion leals to expansve dtringte aedion. In this pge a
micromechanicad modd is proposd of sulfate dtadk in conaete dement with and without externad
load. The modd involves coupled processes of nongealy diffuson of sulfate ions (secnd Fick’s
law), expanson of ettringite indusons cdculated from micromechanicd solutions and
microcracking inducel by this expanson. The difference beween expansons cdculated from the
modd assuuming a topodemicd readion ad the one with a throughsolution readion of the
ettringite aystalli zation will be presented. The obtained solutions will be ompared with the
experimental daa in orde to find out which type of readion leals to hamful etringte
crystali zation.

2. Expansion of etringite crystal
The aystallizing ettringite exerts presaure on the surrounding conaete walls. Depending on the
form of the dtringite aystalizing readion, the pressure will be céculated from chemicd
thermodynanics (through-solution readion) Equéion (1), or from micromedcanics (topochemicd
reagion) Equdion (2).
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where R is the universal gas condant, T is the temperature, vs is the stoichiometric coefficient of
ettringite, ¢, and c,, are adud and “in referred state” concentrationsof ettringite, respedively, E is
the Youngs modulus v is the Poison’s ratio, £, istheinduson d@gengrain cdculated usng the

equivalent induson method. When the eternd stress is applied, the stress caused aadk
propagation is cdculated from )
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where o is the stress field generated by the dtringte, ai? is the ternd stress Sy is the
Eshdby’ s tensor.

3. Damage hduced by ettringite formation

Asauming that the growing spheicd etringite aystal generates a penny-shaped microcrak, the
stressintensty fador a the cadk paimeter was derived as [2]
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where p is the presaure cdculated from Equaion (1) or (2) or (3) depending on type of readion and
on the aplied externd stress Once the sulfate wncentration was known from the solution of
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seoondFick’slaw [2] and the microcradk radiusfrom the Griffith aiterion K, =K ¢, it was possble

to determine Walsh-Budiansky-O’Conndl cradk densty paameter w (w=N<a>>; N-number of
cradks pe unit volume, a-cradk radius) and, thus the dfedive diffusvity and stiffness from the
self-condstent modd and percolation theory. The microscde modd was then volume averaged to
arrive @ the maaoscopic conditutive gressstrain relation.

4. Application

The proposd modd was implemented numericdly to compute the expanson of a sende mortar
prism (ASTM C490) spedmen immersed in sodium sulfate solution of concentration 0.352mol/l.
Calculationswere caried out for ettringite formation in through-solution (Fig. 1) and topocemicd
(Fig 2) readion and when spedmen was unde external compressve load. The «ia strain dueto
plane difuson in x y dredionsin the region with low-to-modeate microcrackingis:
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and for heavily damaged region:
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where f'isvolume densty of etringite indusonsand o2, is the externd load. The problem was
solved numericdly usng FEM program coded for the pesent case.
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ig. 1. Expansion of mortar spedmen (throughsolution Fig. 2. Expansion of mortar spedmen (topachemicd readi
2adion). Solid lines - predictions of the present model, Solid lines - predictions of the present model, circles -

ircles - test data [3] data[3]

5. Conclusions

A micromechanicd modd has been proposd for the progressve damage in hadened conaete
inducel by the eternd sulfate dtadk. Expansons inducel by two different types of ettringite
formation have bean studied. For the modd with topochemcd readion of ettringite formation (Fig.
2) agood g@reament with experiment data has been obtined. This suppots the view of a nunber of
reseachers tha expansve dtringite aystalizes in a topocheamicd readion. The influence of
externd load on nicrocracking, diffuson and aial expanson have dso bea conddered.
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