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ABSTRACT  

 

Some residential homes in the Cape Peninsula, built on windblown 
(Aeolian) sand, have suffered structural failure to varying degrees. Severe 
consolidation settlement has been blamed for the damage. To assess the 
strength parameters and other influential properties of the sand, a suitable 
instrument must be calibrated and used in a controlled environment, as 
results for consolidation settlement can differ vastly. The instrument chosen 
must also be able to predict unfavourable internal stress conditions.  

To solve the problem of varying results, two in-situ testing instruments 
were chosen that have been used before to predict settlement. Samples 
were collected from a construction site where settlement problems have 
been known to exist. Dynamic Cone Penetrometer (DCP) tests were done 
in the bottom of exposed trial holes and sand samples were removed and 
exported to the calibration chamber, built at the Cape Peninsula University 
of Technology in Cape Town. Flat Plate Dilatometer (DMT) test results 
under controlled conditions were then compared to the results obtained by 
the DCP. 

Pilot study findings have determined that these sands (in their natural in-
situ density and level of contamination) pose a risk to dwellings if the 
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necessary precautions are ignored. Consolidation settlement will occur if 
low levels of in-situ lateral stresses are present and when relative densities, 
(DR), drop below 60%. 
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1 PURPOSE 

 
The ground upon which buildings rest can become the greatest source of 
risk to their owners. Past investigations (especially in the UK) have 
uncovered that very little attention is being paid to the geotechnical 
problems that may lie hidden below the foundations (Egan, 2008). In his 
findings he states that site information generally was very poor resulting in 
unnecessary risk to the client, preventing optimisation of the founding 
solutions.  

The geotechnical information provided from a building site must be 
useful and trustworthy. The classification of the site is important. Potential 
problems can arise when either the exploratory methods are suspect or 
results are inconsistent or non trustworthy. A client may face a financial 
constraint when an unnecessary and expensive foundation solution is 
proposed. When predicting settlement in, say soft windblown sands, the 
results may differ vastly. A recent case history between two popular in-situ 
instruments revealed a difference of about 10% between the predicted vs. 
the observed settlements using the DMT and as much as 45% with the SPT 
(Monaco et al, 2006). The research question was: “Can the DMT perform 
as well against our locally developed DCP”? This paper presents some of 
the findings after a pilot study was completed using in-situ instruments 
suitable for the geotechnical analysis of soils. Its aim was to assess local 
sandy soils and compare the results of predicted settlement only. The 
instruments of choice were the DMT (see Figure 2.1a) and the DCP.  

 
 

2 DESIGN and METHODOLOGY 
 
Windblown (Aeolian sand) was tested along the popular West Coast region 
of the Atlantic Beach Golf Estate and the local dunes between Big Bay and 
the sea side town of Melkbos Strand. DCP tests were done on site. 
Samples were removed for further laboratory testing inside a purpose made 
calibration chamber. 
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The DMT device is a tool used to assess the lateral stresses that are 
built-up below ground and is useful in deep layered soil with varying 
degrees of lateral stresses. Also known as “The Marchetti Dilatometer”, 
after its original designer, Dr S. Marchetti, the DMT is an in-situ testing 
device, the results of which have been interpreted chiefly through empirical 
correlations based on the results of field tests. 

The DMT device is easy to operate and its application on site is 
versatile and robust. Figure 2.1b illustrates the DMT operation. The DMT is 
constructed to yield a stainless steel blade that has a flat, custom fitted 
circular membrane mounted level on one side. The blade incorporates an 
inflatable steel membrane. Inflation occurs via nitrogen gas and controls 
movement up to 1.1 mm. Hydraulic mechanisms are used to drive the DMT 
blade below the surface and can reach depths beyond 80m if needed.  

 
 

 

 

 
 

Figure 2.1a Flat Plate Dilatometer (DMT) 
 

Figure 2.1b DMT Operation  
(Marchetti, 2000) 

 
 

A stainless steel calibration chamber was designed and built at the 
Cape Peninsula University of Technology. Sand samples were placed 
inside the calibration chamber that facilitates easy densification and probe 
testing. The DMT was used to hydraulically penetrate the layers of sand to 
incremental depths (up to 800mm). The calibration chamber was partly 
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based upon a Dutch designed chamber built at the TU Delft University in 
Holland (Broere, 2001). The basic construction used at CPUT is shown 
below in  

 
 

Figure 2.2 CPUT Calibration chamber for probe testing 
.2a.  
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Figure 2.2 CPUT Calibration chamber for probe testing 
 
 
 The CPUT calibration chamber is a 900mm diameter rigid stainless 
steel wall calibration chamber which incorporates water inlet and outlets. 
(Figure 2.2a,b). 
 The chamber rests upon three air spring-mount actuators (Figure 
2.2c). Isolators are used to support and isolate external vibrations and 
support a vibrating load to prevent its energy from disturbing the 
surroundings. The actuators allow the chamber to absorb vibration from the 
two side mounted rotary vibrations and provide stability below. ( 
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Figure 2.2 CPUT Calibration chamber for probe testing 
.2d).  

The DMT application formula for calculating settlement in sand is 
shown below in Equation 2.1. The settlement, SDMT, deduced by Marchetti 
(1980: 1997) is calculated as follows:  
 

      ΔZ
M

Δ
)mm(S

DMT

v
DMT    (2.1) 

 
 
 
Where v = change in vertical stress, and is based on Boussinesq’s 
method for the calculation of stress at the centre of each layer; MDMT  = 
(constrained  modulus) and estimated by the DMT’s interpretive data (the 
Oedometer modulus is assumed here as an equivalent to the MDMT) and ∆Z 
= depth below surface. An Oedometer is a laboratory apparatus used to 
monitor consolidation settlement. 
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Initial comparative results indicate that the DCP is an instrument that 
can provide reliable results in these sands for bearing capacity, settlement 
prediction and stiffness. Correlation formulae using the DN number of the 
DCP (mm/blow) were useful in the trial research and geotechnical 
engineers should be able to feel confident in their prediction of settlement 
and the classification of the site.  

The study was limited to testing fine sand found along the coast of the 
Western Cape. Tests done in the calibration chamber with the DMT device 
will be affected by a phenomenon known as “boundary effect”. This is 
acknowledged but was ignored due to the chamber design (no 
instrumentation was in place to measure the boundary effect). Nitrogen gas 
flowing through system was assumed to be constant and that no moisture 
effect (condensation) has taken place. The sand in the chamber was 
neither assumed to be consistently dense at all depth intervals, whether it 
be vibrated or not, under saturation or in a semi-dry state. Further 
limitations are that the DMT can only predict soil texture that ranges from 
sand, silt to clay. Coarser soils (gravels) are not assessed. Yet local 
experience has shown that it is the former that present the most awkward 
conditions to work in. 
 

 
3 FINDINGS  
 
3.1 Experimental results 

The study established that the DMT is very sensitive to horizontal stress 
changes, even at small intervals of 100mm depth variation. Practitioners will 
appreciate this and should be able to predict soil texture accurately. Recent 
inspection of trial holes in the area of West Beach, Blouberg and the 
Atlantic Beach Estate revealed a low bearing capacity within the upper drift 
zone of 1.3 m. Soil bearing capacity values of 45kPa (inside the Atlantic 
Beach Golf Estate) are not uncommon and were determined with the DCP. 
Low bearing capacity can be expected in the drift zone because of the 
varying densities associated with the contamination therein, including 
spongy organic matter. 

 Trial holes revealed darker contaminated decaying organic matter that 
can be expected in the Atlantic Beach Golf Estate. On closer inspection it 
becomes clear that much of the contamination is charcoaled debris, most 
likely blown about by the prevailing winds after seasonal fires that occur  

 
regularly in the summer months, the fires being fed by the surrounding 
fynbos and Port Jackson brush. Figure 3.1 below was provided as an 
example by the NHBRC of homes in West Beach, Blaauwberg, suspected 
of succumbing to massive amounts of settlement in Aeolian sand. 
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Consolidation settlement in conditions such as that shown can leave the 
structure in serious trouble, with cracks appearing in some cases within 2 
years after the final build. Similar cracks were identified in homes where 
contamination was uncovered below foundations, which behaves like a 
sponge, absorbing water in the wet season and drying out in summer 
months.  

The correlation of the predicted settlement between the DCP and DMT 
in the chamber was encouraging. The DCP in this case can only provide an 
indication of soft lenses with low in-situ density, whereas the DMT can 
determine if the horizontal stress is dangerously low which can be related to 
the type of soil. This warns the practitioner to take precautionary measures 
before designing the foundations.  

 
 

 
 
 

Figure 3.1 Structural damage due to settlement (NHBRC, 2003) 
 

 
 Table 3.1 below records data from the chamber before and after the 
vibration of the sands studied. 
 

Table 3.1. DMT vs DCP for settlement in the CPUT chamber (Neal, 2011) 
 
 

SPTN –Blows per 305 mm of a West Coast 
Philippi Dunes 

standard 63.5 kg hammer drop  (Big Bay) 

Parameter Pre Post Pre Post 

 vibration vibration vibration vibration 

SPTN 5 7 4 7 

DCP settlement (mm) 11 7 16 7 
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DMT settlement (mm) 14 4 22 11 
Allowable bearing capacity, Qu 
(kPa) 328 400 192 220 

DMT horizontal stress, KD 2.7 3.9 0.8 1.1 

3.2 Predicting liquefaction 

The more important research findings of establishing when liquefaction 
may occur in the research sands are clearly seen in Error! Reference 

source not found.. These graphs include our data as well as that of work 
done by Youd and Idriss (2001) who established, along with other 
researchers (Monaco et al, 2005), the relationship between KD (lateral 
stress) and CSR (cyclic stress resistance). The compaction range of %DR = 
4% and 67% obtained in the CPUT chamber reveal that hazards may exist 
for structures with shallow foundations. Both sands researched fall in the 
zone of liquefiable sands with high fines content. The DMT revealed low in-
situ horizontal stresses, ie KD < 4.2 (values below 4.4 are not desirable). 
The research data, as shown in Figure 3.2 and 3.3 below, places these 
sands within the liquefiable zone. 
 

 
Figure 3.2 DMT- KD vs CSR values for research dune sands (Neal, 2011) 
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Figure 3.3  KD  vs % DR (Neal, 2011) 
 

4  PRACTICAL IMPLICATIONS 

One of the requirements stipulated by authorities before any new 
construction can be considered is the classification of the site (as far as the 
ground conditions are concerned). Problematic soils need to be identified, 
classified and founding solutions suggested for the type of building under 
scrutiny. There are many methods available to practitioners to classify a site 
and results may vary, causing confusion.  

Although the DMT is expensive its ability to rapidly predict soil 
conditions deep below the surface in invaluable. The cheaper DCP too can 
assist the soils engineer in predicting settlement and bearing capacity to 
acceptable accuracy. The high sensitivity of the DMT in monitoring 
densification has been demonstrated through several studies. 
Schmertmann, 1986 and Jendeby, 1992 found the DMT to be twice as 
sensitive as the CPT (Cone Penetration Test) to densification. The DMT 
can sense sand liquefiability because of its ability to measure the sudden 
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changes in horizontal stress with depth (Schmertmann, 2006). Softer 
stratum will clearly indicate that the densification of the sands has dropped 
dramatically and should be investigated. The DMT sensitivity can sense the 
increase and the reduction of soil pressures and thereby both the positive 
and the negative range in pressures can be assessed. 

The significance of the study is to aid geotechnical investigators in their 
search for trustworthy data resulting from test work in windblown sand that 
simulates on-site conditions for shallow foundations. The research will aid 
construction work in similar Aeolian sand in identifying potentially poor 
subsoil conditions and steps to avoid possible uncontrolled settlement. No 
significant literature on the usefulness of the DMT device is currently 
available in South Africa. Table 3.1 represents the comparative data of two 
study sands.  

A test methodology into how windblown sand behaves under poor site 
conditions is required, which should include liquefiable conditions. The 
important aspect of this work is to provide more useful information to the 
geotechnical database by using a relatively unknown device such as the 
DMT. This will allow geotechnical engineers to correlate data with other 
standard test apparatus such as the Standard Penetration Test (SPT) and 
DCP.  

Although the latter apparatus has its own role to play in predicting soil 
conditions below ground, the DMT device may produce more conclusive 
results that can highlight a possible problem much sooner than other in-situ 
tests; for example predicting the pre-stress history of the soils and layer 
based settlement. This, and along with other important criteria is required to 
assess possible liquefiable conditions.   

The data will be useful to geotechnical engineers who need more 
information regarding the possibility of collapsible windblown sand. This will 
lead to better designed foundations and more solid superstructures, thereby 
limiting the amount of possible cracking and structural failure. 
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