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ABSTRACT: Damage to domestic dwellings in the greater Dublin area of Ireland caused by the expansion of underfloor fill 
material containing pyrite has become a high-profile national problem in recent years. In this paper, a novel experiment is 
described in which the succession of underfloor materials, with vertical dimensions at full scale, is reproduced. The study has 
enabled the amount/rate of expansion and pressures generated due to the expansion of the pyritiferous fill, with and without 
imposed loading on the concrete slab, to be ascertained over a period of 800 days. The rates of expansion are relatively 
consistent with those recorded from reference pipe experiments. These data form an important frame of reference for 
anticipating the time at which damage might begin to manifest itself in domestic dwellings.  

KEY WORDS: pyrite; mudstone; expansion. 

1 INTRODUCTION 

The rapid economic growth experienced by the Republic of 
Ireland from the mid-1990s was influenced significantly by a 
buoyant construction industry. House-building was a major 
contributor, with the number of units completed in a calendar 
year peaking at 88,188 in 2006, compared to 30,575 in 1995 
[1]. Tuohy et al. [2], quoting the Irish Concrete Federation, 
noted that the increased rate of building meant that 1200 
quarries were in operation in the mid-2000s with some 
“opportunistic supply of materials without the necessary 
technical knowledge at specifier, user or supplier level”.  

Some of the quarried fill material used in house foundations 
in the east of Ireland contained pyrite, a naturally-occurring 
mineral that oxidises to form products including sulphuric 
acid. Sulphuric acid reacts with calcite (another common 
mineral constituent of fill materials) to generate gypsum 
which can give rise to an increased fill volume compared to 
the original pyrite and calcite. The reaction process is detailed 
in Reid et al. [3]. Expansion of pyritiferous fill used in house 
foundations may result in heave of ground-bearing floor slabs 
and lateral displacement of foundation walls, leading in turn 
to significant damage to the superstructure, including cracking 
floors and walls, jamming doors, buckling of interior partition 
walls and movement of stairs. Czerewko and Cripps [4] 
provide a useful schematic of the process. 

Experimental research has been carried out at NUI Galway 
since 2010 to identify the factors upon which pyritiferous 
expansion depends [5-7]. These studies used fill retrieved 
from beneath the floor slabs of dwellings in the greater Dublin 
area exhibiting structural distress. Samples were re-
established in PVC pipes 229mm in diameter standing 
vertically in plastic basins with varied depths of water in the 
basins. Vertical movement of the fill was recorded using a dial 
gauge mounted on an independent frame. The use of smooth 

pipes and the absence of vertical loading on the fill 
represented a deliberate attempt to encourage the maximum 
amount of expansion, although no attempt was made to 
accelerate the oxidation process. 

Sutton et al. [5] prepared ten such pipes with constant 
density (approx. 2000 kg/m3) using a single fill source and 
varied the fill height (500 mm, 750 mm and 1000 mm) and the 
depth of water, i.e. submerged depth (30mm and 60mm). The 
pipes were situated in an unheated laboratory, so ambient 
temperatures closely tracked seasonal changes, generally 
increasing from 4°C to 15°C over 6 months. Significant 
expansion was manifest (which has not always been the case 
in unaccelerated studies elsewhere [e.g. 8]) and changes in the 
pH of the water in the basins were consistent with the 
generation of sulphuric acid. The magnitude of heave was 
proportional to the fill depth. However, the submerged depth 
was found to have little effect.  

Using fill from a different source, McCabe et al. [6] 
reported on six further tests using the same apparatus with 
constant fill heights (500 mm), varied densities (nominally 
1800 kg/m3, 2000 kg/m3 and 2200 kg/m3) and varied water 
depths (10 mm and 30 mm), situated in a temperature-
controlled room with hold periods at 10°C, 15°C and 20°C 
over the duration of testing. Earlier heave onset times and/or 
greater heave magnitudes were observed in higher density fill. 
There was no long-term effect of temperature on the rate of 
heave over the temperature range considered once the effects 
of thermal expansion of the entire experimental system were 
accounted for.  

From heave rates measured at NUI Galway and those 
reported by Maher et al. [9], McKeon [7] inferred that the rate 
of heave may be influenced by the proportion of mudstone in 
the fill material. This relationship is currently under 
systematic investigation at NUI Galway. 
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