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Salt weathering is known to be one of the most destructive mechanisms in the deterioration of natural
rocks and porous building materials such as stone, concrete, mortar, and brick. It is thus important to fully
understand the various aspects of salt weathering so as to find efficient ways to preserve monuments, modern
buildings, and engineering structures. However, because of the simplicity-oriented experimental designs of
most of the traditional salt efficacy and/or rock durability tests, some arguments, e.g. those about the efficacy
of sodium sulfate and those about the relative influence of rock properties and salt efficacy on salt weathering,
have not yet been settled over the course of nearly two centuries of investigations. In this study, an attempt
was made to answer some of these research questions including (i) is sodium sulfate, the most widely used
salt, invariably effective in destroying any type of rock, (ii) is salt weathering salt type-dependent or rock-type
dependent, and (iii) can salt efficacy of rocks be predicted sorely from their pore characteristics. Besides, the
relative influence of individual rock properties and that of five different microporosities on salt crystallization

damage were also evaluated.

To fulfill these objectives, a laboratory impregnation-drying experiment was performed using five types of
salts to attack eight types of rocks. Prior to weathering test, the petrophysical and hydromechanical properties
of the rocks were examined. Particularly, five different microporosities were calculated from mercury intrusion
porosimetry data by setting five upper limits of micropores, such as 0.05, 0.1, 1, 2.5, and 5 gm. Also, initial
solution absorption capacity and salt uptake of the rocks were measured. The salt weathering experiment was
done by impregnating unpolished 5-cm cube specimens of each rock with their appropriate solutions for 2 h
at 20°C. The cubes were then dried in an oven for 20 h at 50°C. They were then allowed to cool down for 2 h
at 20°C. This 24-h immersion-drying-cooling cycle was performed 70 times. During experiment, weathering

progress and visual classification of damage pattern were recorded daily. To study the relationship between



pore characteristics, salt uptake, and damage, the pre- and post-experiment pore size distributions of the rocks
were also examined by Mercury Intrusion Porosimetry. Some anomalous results were scrutinized by Scanning

Electron Microscope coupled with Energy Dispersive Spectroscopy.

It is observed that, of the five salts used, sodium chloride and aluminium sulfate were invariably ineffective
with all rock types while sodium carbonate, magnesium sulfate, and especially sodium sulfate were markedly
more effective in damaging most types of the rocks used. Sodium sulfate emerged as the most destructive salt
in six out of the eight rocks tested, and even granite was substantially disintegrated. However, sodium sulfate
was found not to be invariably effective with any type of rock. It indeed manifested its impotency against a
relatively weak rock, Tago Sandstone, which was severely damaged by magnesium sulfate through synergistic
action of subflorescent crystal growth and repeatedly coating-detaching crusts. Present results also showed that
both salt type and rock properties influenced the damage pattern. The durability ranking of the rocks became
significantly altered with the salt type while the variation in salt efficacy ranking with rock type was less

pronounced.

Moreover, Pearson correlation coefficients and Principal Component Analysis (PCA) indicated that most
of the hydromechanical properties were the poor predictors of salt susceptibility of the rocks, whereas pore
characteristics were found to have a significant effect on salt uptake and damage. Of the rock properties
investigated, the microporosity of pores smaller than 0.05 or 0.1 um (P_; - and P_ ) showed a critical
influence on salt crystallization damage quantified by dry weight loss, whereas the microporosity of pores
smaller than 5 um (P _,) played a more important role in salt uptake, as confirmed by the pore size distributions
of pre- and post-experiment specimens. Statistical data revealed that with decreasing size of micropores,
the correlation between salt damage and microporosity became more significant, whereas the correlation
between salt uptake and microporosity became less pronounced. On the other hand, the connected porosity
controlled salt uptake and mechanical strengths. Overall, pore characteristics were found to be the key factor
controlling salt uptake and damage. Rocks with high amount of micropores (< 5 um) and higher proportion
of micropores (< 0.05 or 0.1um) were particularly susceptible to salt crystallization damage. Thus, based on
these pore characteristics, which can readily be obtained from a single mercury porosimetry measurement,
a durability estimator called salt susceptibility index (SS/) was also proposed. The estimated outcomes
correlated significantly with the actual dry weight loss of the rocks tested. However, the relative influences
of salt type/efficacy and rock type/properties on salt weathering propensity were not clear enough to draw a
reasonable conclusion. Furthermore, anomalies arose that could not be explained in terms of rock properties or
salt efficacy alone. Salt damage appears to be influenced by the individual interactions between salts and rocks

rather than rock properties and salt efficacy alone, which could explain the anomalous results.
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