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Sulfate attack has been known to be one of the major durability concerns for concrete and other cement-based
materials. Pozzolans has been successfully used in making blended cement for the purpose of preventing or
mitigating the sulfate attack damages in concrete. However, more efforts are needed to introduce new pozzolans
which are naturally available and their potential as natural pozzolans from the aspect of sulfate attack need to be
understood. More importantly, the current standard test methods (e.g., ASTM C 1012) do not address various sulfate
attack exposure scenarios that may exist under field conditions, it is thus important to fully understand the various
exposure regimes of sulfate attack on blended cement mortars incorporating pozzolans. Moreover, it is needed to
clarify the controlling mechanisms of sulfate attack, i.e., physical attack or chemical attack, on the performance
of cement mortars against sulfate attack so as to find efficient ways to preserve the concrete structures. In this
research, an attempt had been made (i) to evaluate the pozzolanic activity and sulfate resistance of a natural pozzolan,
diatomaceous earth in comparison with well-known active pozzolans, fly ash and silica fume, (ii) to examine the
resistance of plain and blended cement mortars to different exposure regimes of sulfate attack, and (iii) to investigate

which mechanism of sulfate attack is more pronounced on the performance of mortars.

To fulfill first two objectives, a laboratory experiment was performed using Na,SO, and MgSO, to attack two plain
mortars made with normal and sulfate-resisting Portland cement (NPC and SRPC) and three blended mortars made
with normal Portland cement incorporating 8% silica fume, 25% fly ash and 8% diatomaceous earth (SF, FA and DE)
under four different sulfate attack exposure regimes (i.e., continuous full immersion, full immersion under cyclic
wetting and drying, continuous partial immersion and partial immersion under cyclic wetting and drying). Moreover,
additional experiment was carried out using Portland cement with high C.S content (i.e., the most vulnerable cement to

chemical sulfate attack) and high alumina cement (i.e., the highly resistant cement to chemical sulfate attack) mortars



(PC and HAC) to fulfill the third objective in which the mortar specimens were exposed to wetting and drying cycles.
The sulfate resistance was evaluated by visual inspection, weight loss, hardness loss and strength loss of specimens.
X-ray diffraction analysis and scanning electron microscopy with energy-dispersive spectroscopy were also used
to support the explanation of deterioration. Additionally, the pozzolanic activity of pozzolans was determined by
differential scanning calorimetry analysis. And, the pore characteristic of mortars was measured by mercury intrusion

porosimetry.

Results showed that 8% silica fume substitution in cement had the highest pozzolanic activity. The pozzolanic
activity of 8% diatomaceous earth was higher that that of 25% fly ash despite their different replacement percentage
of cement in the pastes. Consequently, the better performance of DE mortar than FA mortar was observed in Na SO,
environment under exposure I (i.e., continuous full immersion). However, reverse behavior was found in MgSO,
solution. It was found that MgSO, was more damaging than Na, SO, under this type of exposure. Although the
resistance to Na,SO, attack was improved due to the additions of pozzolans in mortars under standard test method
(exposure 1), the adverse behavior was found under exposure II and IV (i.e., full immersion and partial immersion
under cyclic wetting and drying, respectively). The inferior performance of blended mortar specimens under these
exposure regimes was attributed to their finer pore structure. In these exposure regimes, the physical attack (i.e.,
repeated crystallization of thenardite and mirabilite) controlled the damaging mechanisms rather than chemical attack.
However, the chemical attack was more pronounced than the effect of salt crystallization in the MgSO, environment
even under exposure II and IV. It was because of the fact that the hydrate system of MgSO, was not as sensitive to
temperature as Na, SO, and thus MgSO, could not be as destructive as Na,SO, from the aspect of physical attack.
Based on the appearance and integrity of mortar specimens, performance classification was suggested: 4% hardness
loss at 24 weeks for exposure I, 3% weight loss at 24 cycles for exposure II and 2% weight loss at 16 cycles for
exposure IV as failure by Na SO, attack.

Complete failure occurred in PC mortar exposed to drying and wetting in Na SO, environment whilst the marginal
damage of HAC mortar was evident. It revealed that the extent of attack is considerably influenced by the cement
chemistry even under the conditions that lead to salt crystallization. However, it cannot be claimed for the Portland-
based cements (i.e., whether normal or sulfate-resisting cements and whether plain or blended cements).

It can be finally concluded that MgSO, is more damaging than Na,SO, while the chemical attack is considered;
however Na,SO, is more destructive than MgSO, when the physical attack involves in the damaging mechanisms.
Therefore, the continuous exposure regime used in current standard tests cannot capture the actual damaging
phenomenon in field structures, especially for blended cement concretes. It was noteworthy that the use of pozzolans
may aggravate the Na, SO, attack in field situations. The findings of this research will hopefully help to establish the
agenda for future research leading to improved standards. Since the pore structure controlled the performance of the
materials under physical attack, the effect of w/c ratio and replacement level of pozzolanic additions on the durability
of cement-based materials needs to be further researched under the field-like exposure conditions. Moreover, there is a
need to improve the drawbacks of high alumina cement because of it’s highly sulfate resistance even under aggressive

environment.
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