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ABSTRACT: The problem of constructing light structures on expansive soils is frequently met in areas of
semi-arid climate. Providing a raft foundation is a common solution. A raft foundation prevents evapotranspiration and usually leads to a gradual increase of moisture content leading to swelling of the soil in the central
areas of the building. Heavy rainfall, typical wet season in semi-arid climates can lead to seepage of water
around the perimeter and consequent swelling of the margins of the building. This can be more severe by
cracks developing in the dry season and allowing easy access of rain water to a considerable depth. The study
of water movement in these circumstances has frequently involved simulating a foundation by plastic ground
covers or concrete slabs. A small house in the Free State, South Africa was constructed on a typical raft foundation and provided with moisture and temperature sensors. The pattern of moisture movement was markedly
different to the patterns which have been observed for simulated foundations. It is clear that the building
erected on the foundation has a significant effect on the moisture pattern which develops beneath it.

1 INTRODUCTION
Expansive clays, swelling clays or heaving soils, are
soils with shrinking and swelling characteristics due
to fluctuations in soil water content (Puppala et al.
2013; Soltani & Estabragh 2015). These soils are
commonly known worldwide as a major cause of
damage to engineering structures (Nelson & Miller
1992; Rogers et al. 1994). The problem brought
about by these soils was first recognized in the
1930’s when brick veneer residences gained popularity in the USA (Chen 1975). At first, structural damage to residences was ascribed to sub-standard construction and settlement of foundations without any
correlation to expansive soils. Chen (1975), further
elaborated that due to population growth and high
demand for houses, concrete slab-on-ground construction, rather than frame dwellings, became more
popular and more structural damage was observed.
From these observations, engineers were able to associate structural damage to the type of soil supporting the house foundations (Chen 1975).
The construction of raft foundations for light
structured houses has become common in areas affected by expansive clays as is the case in much of
the Free State and Northern Cape, South Africa. The
purpose of raft foundations on active soils is to limit
the differential movements of the underlying soils to

a level which can be tolerated by the super-structure
(Day 1991).
The expansive soils on their own pose no threat
unless there is water content variation in the soil
(Jones & Jefferson 2012). With every change in soil
water content, there is volume change in expansive
soils both vertically and horizontally. Expansive
soils do not require complete saturation to pose detrimental effect. A soil water change as low as 1 percent is enough to cause noticeable shrink/swell behaviour in these soils (Chen 1975). The extent to
which the soil can swell/shrink is dependent on the
water distribution and flow in the soil profile.
2 MATERIALS AND METHODS
2.1 Site location, climate and geology
The site is situated at 50 km East-South-East of
Bloemfontein and 15 km West of Thaba Nchu in the
Free State (290 41’44 E, 290 12’35 S). Botshabelo,
Section K covers an area of approximately 200 ha in
the Mangaung Metropolitan Municipality, South Africa. The area is classified as an arid region with
cool, dry winters and warm rainy summers. The
mean annual rainfall is 427 mm with the highest
monthly average (71 mm) during February and the
lowest (2 mm) in July. The average maximum tem-

peratures of the area range from 17.7°C in July to
30.9°C in January. The lowest average minimum
temperatures are recorded during July, at 1.9°C
(Botshabelo climate, SA explorer).
The area is gently undulating with gradients mainly less than 2% to 3%. The site is underlain by shale,
sandstone and mudstone of the Adelaide Sub-group
of the Beaufort group of the Karroo Super Group.
Dolerite intrusions into these rocks are prevalent.
Expansive soils are evident throughout the area of
investigation. Rock is found at a depth of approximately 1.1 m at the site in question. The first clay
layer is from 150-900 mm, the second clay layer is
from 900–1100 mm. No water table was encountered in proximity to the house.
2.2 House selection and data collection
The house used in this study forms part of the government-funded social housing project, with dimensions of 8.1 m x 7 m. The house is built with concrete bricks and roofed with corrugated iron roofing
sheets without a ceiling, making it cold in winter and
hot during summer. The foundation is a typical raft
foundation and the floor is a concrete slab, 75 mm
thick (standard thickness from the Department of
Human Settlement). Adjacent to the house, an open
plot was marked out as a control site.
Data were measured with DFM capacitance
probes (DFM Software Solutions, South Africa).
These probes measured both soil water content and
temperature simultaneously. They measure temperature indirectly by relating the resistance of a conductor to temperature. The accuracy of the sensors to
measure temperature is +/- 0.06°C (Mjanyelwa et al.
2016). Figure 1 illustrates the layout of the DFM
probes inside and outside the house.

The probes allow measurement at depths of 150
mm, 300 mm, 450 mm, 600 mm, 800 mm and 1000
mm. Readings were recorded on an hourly basis and
were downloaded once a month by a data logger for
further analysis.
Before the installation was done the probes were
installed in identical soil conditions next to the light
structure house in order to calibrate the probes according to the site conditions. In order to calibrate
the probes, it was necessary to determine the volumetric moisture content, gravimetric moisture content and bulk densities. The probes were installed by
drilling through the concrete floor, creating a shaft
down the soil profile (Figure 2). To prevent the
probe heads from being damaged, PVC pipe was inserted into each hole in the concrete floor.

Figure 2. Drilling of shaft and installation of probe (Photo: NG
Mjanyelwa).

2.3 Modelling using 3D
3D Field is a software application which is used to
convert data into coloured contour maps and surface
plots. The software creates 3D maps from data
which one collects and fixes the points on a site. The
data which was collected was used to make a model
to identify the moisture distribution underneath the
foundation. The areas with higher moisture concentrations are dark in colour, lower moisture areas are
lighter in colour. These coloured contours were used
as a tool to identify areas where the greatest moisture
variations are located and how they change as the
seasons progresses. The areas where these changes
are most likely to occur are areas of concern for any
raft foundation.
3 RESULTS AND DISCUSSIONS
3.1 Measurements

Figure 1. DFM probe layout in raft foundation: dimensions in
meters.

The study was conducted over a time period of two
years from the beginning of 2014 to the end of 2015.
The house was constructed in 2013 and completed in
December of that year. Eight probes took readings at
six different depth levels. The probes were placed

along linear alignments: North-South and East-West
beneath the raft foundation. The reason for this was
to get the best possible picture of what is happening
underneath the foundation with the limited available
probes. The results used in this paper are the average
moisture content and temperature each month over
this period. This was primarily done to observe the
seasonal changes which occurred in this study period. All these results are discussed below in detail at
specific points of measurement.
3.1.1 Probe 23998 (North)
In the southern hemisphere the northern sides of
buildings are exposed to direct sun light. The heat
energy’s effect at this location is greater than anywhere else in the building (Figure 3).

Figure 3. Sun's path in the sky during different seasons, southern hemisphere (CSIR. 2004)

Probe 23998 is located just underneath the raft foundation as shown in Figure 1. The north side consistently shows the lowest moisture content compared to
the rest of the recorded readings anywhere under the
building. This is probably due to the solar energy
reaching the ground on the northern side is more intense than that reaching the other sides of the building. The clay experiences more shrinkage and cracking than at the other sides. This will also have an
effect when rainfall occurs and will cause the north
side to have rapid moisture changes. At the north
side, water contents range from less than 5% to 23%
at different depths.
3.1.2 Probe 24010 (East)
Probe 24010 is located on the east side of the building underneath the raft foundation. The small moisture variation throughout the whole soil profile at
this specific location has a similar pattern to that on
the west side and follows the seasonal changes. During summer, the moisture content is higher due to

higher rainfall since this is typically the rainy season
in Botshabelo, Free State. During winter, the moisture content decreases due to the lack of rainfall. The
moisture content pattern showed only small variation
during the two-year monitoring period. From Figure
3, it is clear that, the solar energy reaches this specific location of the building only during the early
mornings.
3.1.3 Probe 24008 (South corner)
Probe 24008 is located just outside the building at
the re-entry corner of the building. This is the only
probe not located underneath the foundation of the
building. The reason for the placement of this probe
was that during pre-site investigations, it was observed that this corner was constantly moist. The location experienced practically no solar energy. This
leads to the moisture content remaining high in this
zone.
3.1.4 Probe 24009 (centre of foundation)
Probe 24009 is located centrally underneath the raft.
This location is where the literature suggests the
highest moisture concentration should be located. By
studying the data, it was observed that the moisture
content throughout the soil profile is substantially
constant and persistently lower than the maximum
(just inside the re-entrant corner). The possible reason for this is that the permeability of the soil is so
low that it is very difficult for moisture to move to
and from the edge and the centre of the raft foundation. The expansive clays which make up the soilprofile underneath this raft foundation did not allow
significant moisture movement to or from the middle
of the foundation and therefore the moisture content
remained constant.
3.1.5 Probe 24007 (South)
Probe 24007 is the only sensor located at the south
side of the building. The south-facing sides of buildings in the southern hemisphere are not exposed to
direct sunlight thus very little solar energy will reach
this location. During winter season, the south facing
sides of the building tend to be cold and in the shadow. As shown in Figure 1, the moisture content follows a similar pattern, tracking seasonal changes at
all depths.
3.1.6 Probe 24003 (West)
Probe 24003 is situated at the west side of the building, close to the edge beam. This area of the building
is exposed to the afternoon sun and tends to be
warmer than the east and south sides. The owner of
the house decided to install paving blocks on the
west side of the house as shown in Figure 4. This
happened at the beginning of August 2014 and almost immediately the moisture content decreases for
a period of three months. After which the moisture

content stabilized but was approximately 4% lower
than before.

Figure 4. Paving in front of the house.

3.2 Moisture and temperature
The following Figures 5-10 indicate the moisture
content seasonal changes and temperature at a depth
of 300 mm over the time span January to December
2015 (3D Field).

Figure 7. May (MC: 6%-33%).

Figure 8. January (Temperature: 21.6-25.7°C).
Figure 5. January (MC: 7%-34%).

Figure 9. May (Temperature: 14.4-21.2°C).
Figure 6. March (MC: 10%-32%).

rical dome-shaped heave shape which is located
roughly on the centre of the foundation, as found by
Pidgeon and Pellissier (1987), Fityus et al. (2004), in
simulated foundation tests is not likely to occur. This
study suggests that the dome which was developed
will rather depend on the architecture of the building
and its orientation to the sun.
5 FUTURE RESEARCH

Figure 10. Moisture content seasonal changes @ 300mm.

4 CONCLUSIONS
The north side below the structure has the lowest
moisture content throughout the year. Whereas the
re-entry corner constantly shows the highest moisture content in all the six layers measured. This can
be accredited to the orientation of the building to the
sun. The re-entrant corner of the building has minimum exposure to any solar energy during the day in
summer. During winter, there is no solar energy
reaching the re-entry corner. Thus, the end result is a
very high moisture concentration located underneath
the structure in the vicinity of the re-entrant corner.
In contrast, the north is very exposed to solar energy during both winter and summer. This is due to
the solar energy reaching the ground directly and by
reflection from the northern wall, hence much more
intensely than on the other sides of the building. This
resulted in the soil being much dryer, and the north
side’s soil being more prone to rapid moisture
change, especially after rainfall. This is probably due
to the dry, cracked soil which allows immediate access for rainwater. The dry north-facing location underneath the raft foundation will rapidly swell when
rainfall occurs and rapidly shrink afterwards. This
could cause damage to the building.
Contrary to conventional expectation, the highest
moisture content is not located in the middle of the
foundation. It is at the location which is least exposed to solar energy. The observed moisture variations in this study, executed in Botshabelo in the
Free State, suggests that an approximately symmet-

The Internet of Things (IoT) is becoming an increasingly growing topic of conversation. It is a concept
that not only has the potential to influence how we
live but also how we work. As an ongoing project,
IoT will be used to measure environmental changes
of a newly built light structured house on expansive
soils. The experimental system will track environmental changes, focusing mainly on moisture temperature and dis-placement of the structure and
transmit the acquired data through the internet to an
IoT server. The system will take readings at every
user defined time intervals, save the data to an SD
card and finally transmit it to an online server. The
aim of this project will be to deter-mine the impact
of expansive soil on the structure as a whole.

Figure 11. A schematic illustration of the all the devices that
the system is comprised of and how they communicate together.
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