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We read with interest the note by W.G. Hime and B.
Mather [1] regarding their concerns about what is sulfate at-
tack. The essence of their concise overview can be found in
most standard textbooks [2–5], where it is clear that the
term “sulfate attack” is used to mean deterioration of con-
crete matrix by sulfate-bearing aqueous solutions. It is often
useful to go back to earlier literature such as Biczok [6] and
the “Thorvaldson Symposium” [7], which clearly empha-
sizes the multifaceted nature of the sulfate problem. Expan-
sion that is sometimes associated with ettringite formation
may be the best-publicized manifestation of sulfate attack,
but it is often overshadowed by other simultaneous sulfate-
related reactions, such as decalcification of C-S-H in the
presence of magnesium sulfate. DePuy [8] in a recent re-
view also emphasizes the overreaching use of the term “sul-
fate attack” and includes reactions other than ettringite and
gypsum formation.

It is also worth noting that in early field studies [7], in-
cluding the Sacramento Field Trials referred to by Hime and
Mather, microstructural or chemical studies (e.g., identifica-
tion of reaction phases) were seldom undertaken (and have
not been reported for the Sacramento Test Plots). Therefore,
we do not see a solid technical basis for the claim that “clas-
sical” sulfate attack involves only gypsum and ettringite
formation, as Mather himself pointed out in an earlier paper
[9]. Their formation may be a “classic example” in that it is
a frequently observed phenomenon, but as Hime and
Mather noted themselves, how any of the reaction processes
cited will affect deterioration of a particular concrete de-
pends on a variety of factors, including rates of mass trans-
port and the mode of initiation of adverse chemical reac-

tions. An example of sulfate reaction completely omitted by
Hime and Mather is formation of thaumasite, a process ap-
parently unrelated to the C

 

3

 

A content.
Verbeck [10], in his initial analysis of the Sacramento

data, points out the critical role of water/cement ratio in pre-
venting sulfate attack. The water/cement ratio, together with
the degree of hydration (regulated by curing conditions),
controls the permeability and other transport properties. The
important role of transport properties in controlling not only
the deterioration of concrete exposed to sulfate-bearing wa-
ters, but also all other forms of chemical attack, is now gen-
erally recognized.

Ettringite, as correctly stated, may or may not cause ex-
pansion; this fact has been well known for decades and has
been recently discussed [11–13]. As a matter of fact, ettring-
ite “expansiveness” is not the real issue as ettringite per se is
nonexpansive. The more important issue is the physico-
chemical and environmental 

 

conditions

 

 under which ettring-
ite forms: temperature and presence of moisture; changes in
temperature and humidity; composition and concentration of
chemical species present in the system and their relevant sol-
ubilities; total pore space and its distribution; etc.

There is no credible evidence supporting the notion that
topochemical formation of ettringite is the basis of expan-
sion. All topochemical reactions require matching of atomic
distances between the reactant and product but, as Brown
and Taylor [14] point out, the crystal structures of C

 

3

 

A and
ettringite are totally unrelated. Apart from this, recent mi-
croanalytical investigations show that in the case of external
sulfate attack the ettringite is not preferentially formed in
space previously occupied by C

 

3

 

A, or even at the surfaces
of any unreacted C

 

3

 

A, but in intimate mixture with C-S-H.
Furthermore, the formation of ettringite from C

 

3

 

A and gyp-
sum is preceded by intermediate reactions [15]. Note also
that expansion due to so-called delayed ettringite formation
(DEF), which occurs without direct involvement of C

 

3

 

A.
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Topochemical formation of ettringite has been questioned
already by Hansen [16].

The formation of brucite at external surfaces is fre-
quently observed and when it does, it can provide beneficial
protection referred to as “case hardening.” However, it can-
not be argued that brucite does not form elsewhere, and in-
deed both brucite and magnesium silicate have been ob-
served beneath the surface in recent detailed studies of high
porosity, high-permeability concrete [17,18].

Another category of sulfate attack (!) is represented by
the deterioration of concrete by sulfuric acid or ammonium
sulfate solutions. In such cases, sulfate attack is supple-
mented by acid attack and the damage attributable to the
acid component may be significant. Similar combination of
deleterious reactions may take place when soils contain iron
sulfides that may oxidize to sulfates.

The attempts to draw a distinction between “physical”
and “chemical” processes does not serve a useful purpose
and will only serve to further confuse engineers. The so-
called “salt crystallization,” in this case referring to repeated
recrystallization of mirabilite to thenardite and vice versa, is
neither “salt crystallization” nor “physical sulfate attack.”
Phase changes such as conversion from one hydrate to an-
other, or crystallization from solution, represent a 

 

chemical

 

change. The physical manifestations of the process should
not be divorced from the underlying chemical changes. All
are physicochemical processes.

We agree that in some cases more analytical work and
research is needed to clarify details of the physicochemical
processes underlying deterioration of concrete and the inter-
actions between bulk transport and chemical change. But
we would argue that the essential knowledge is already
available. A more critical interpretation (and subsequent ap-
plication) of existing knowledge would almost certainly
avoid most problems of sulfate attack. Regrettably, Hime
and Mather have not provided that interpretation.
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