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Abstract 

In this study two research projects were undertaken; namely the calibration of a novel 

offshore Dynamic Probe Super Heavy (DPSH) rig and the interpretation of DPSH 

refusal. A novel offshore DPSH rig was compared to a standard DPSH. The novel 

offshore rig had a chain driven hammer mechanism enclosed within a steel chamber, 

so it could operate in an underwater environment. Data obtained from field testing 

showed that the offshore DPSH rig produced similar penetration profiles to the standard 

DPSH. However, the DPSH n values from the offshore rig were consistently greater 

than the standard rig. This suggested that the offshore rig was less efficient in energy 

transfer. An energy dissipation ratio (𝐸𝐷𝑅) was calculated, which showed that the 

offshore device delivered roughly 60% of the energy delivered by the standard rig per 

300 mm penetration. As the anvil and steel chamber are one, greater energy dissipation 

occurs. DPSH refusal conditions were investigated in relation to SPT (Standard 

Penetration Test) refusal conditions. Twenty-one sites across Southern Africa were 

assessed and classified as cohesive or non-cohesive based on site profiles. DPSH n were 

found to generally increase monotonically and then ‘spike’ (defined as an increase in 

blow count by a minimum factor of 1.25) at certain depths. ‘Spikes’ resulting in DPSH 

n greater than 50 were grouped according to a set of conditions relating to the average 

SPT refusal depth for each site. For the cohesive sites, 75% of ‘spikes’ were recorded 

at depths greater than or equal to one standard deviation above the mean SPT refusal 

depth. A further 13% of data points were recorded at depths greater than or equal to 

two standard deviations above the mean SPT refusal depths. Thus, for cohesive sites 

‘spikes’ could be used as DPSH refusal criteria as they showed good agreement with 

the SPT refusal depths. For the non-cohesive sites, 15% of ‘spikes’ were recorded at 

depths greater than or equal to one standard deviation above the mean SPT refusal depth 

across the respective non-cohesive sites. A further 11% of ‘spikes’ were recorded at 

depths greater than or equal to two standard deviations above the mean SPT refusal 

depths. The majority (74%) were recorded at depths shallower than two standard 

deviations from the average SPT refusal depths. Most were likely due to rapid increase 

in rod friction as material collapsed onto the rods at random depths. Thus, for non-

cohesive sites the DPSH appears to be a poor tool to ascertain the presence of competent 

layers.  
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Opsomming 

In die studie is twee navorsingsprojekte onderneem; naamlik die kalibrasie van ‘n nuwe 

onderwater Dynamic Probe Super Heavy (DPSH) tuig en die interpretasie van DPSH 

weiering. ‘n Nuwe onderwater DPSH tuig is vergelyk met ‘n standaard DPSH. Die 

nuwe onderwater tuig het ‘n kettinggedrewe hamermeganisme in ‘n waterdigte 

staalomhulsel gehuisves, sodat dit in ‘n onderwateromgewing kon werk. Data verkry 

uit veldtoetsing het getoon dat die onderwater DPSH tuig soortgelyke 

penetrasieprofiele as die standaard DPSH gelewer het. Maar, die DPSH n-waardes van 

die onderwater DPSH tuig was deurgaans groter as die standaardtoestel. Dit het 

voorgestel dat die onderwater DPSH tuig minder doeltreffend was in die oordrag van 

energie. ‘n Energiedissipasieverhouding (𝐸𝐷𝑅) is bereken, wat getoon het dat die 

onderwater DPSH toestel ongeveer 60% van die energie gelewer het per 300mm van 

penetrasie, in vergelyking met die standaard DPSH. Aangesien die aambeeld en 

staalomhulsel een is, vind groter energiedissipasie plaas. DPSH weiering toestande was 

ondersoek in verband met SPT (Standard Penetration Test) weiering toestande. Een-en-

twintig terreine regoor Afrika was beoordeel en geklassifiseer as kohesiewe of 

kohesielose. Klassifikasie was gebaseer op die terreine se grondprofiele. Daar is gevind 

dat DPSH n-waardes oor die algemeen eentonig toeneem en dan ‘styg’ (gedefinieer as 

‘n toename in DPSH n-waardes met ‘n minimum faktor van 1.25) op sekere dieptes. 

‘Stygings’ wat lei tot DPSH n-waardes groter as 50 is gegroepeer volgens ‘n stel 

voorwaardes wat verband hou met die gemiddelde SPT weiering diepte vir elke terrein. 

Vir die kohesiewe terreine is 75% van ‘stygings’ aangeteken op dieptes groter as of 

gelyk aan een standaardafwyking bo die gemiddelde SPT weiering diepte oor die 

verskeie kohesiewe terreine. ‘n Verdere 13% van datapunte is aangeteken op dieptes 

groter as of gelyk aan twee standaardafwykings bo die gemiddelde SPT weiering 

dieptes. Dus, vir die kohesiewe terreine kan ‘stygings’ as DPSH weieringkriteria 

gebruik word aangesien dit goeie ooreenstemming met die SPT weiering dieptes getoon 

het. Vir die kohesielose terreine is 15% van ‘stygings’ aangeteken op dieptes groter as 

of gelyk aan een standaardafwyking bo die gemiddelde SPT weiering diepte oor die 

verskeie kohesielose terreine. ‘n Verdere 11% van ‘stygings’ is aangeteken op dieptes 

groter as of gelyk aan twee standaardafwykings bo die gemiddelde SPT weiering 

dieptes. Die meerderheid (74%) is aangeteken op dieptes vlakker as twee 
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standaardafwykings van die gemiddelde SPT weiering dieptes. Die meeste was 

waarskynlik as gevolg van ‘n vinnige toename in staafwrywing, aangesien materiaal op 

verskeie dieptes op die stawe neergestort het. Dus, vir kohesielose terreine blyk die 

DPSH ‘n swak hulpmiddel te wees om die teenwoordigheid van grondlae met relatiewe 

digtheid vas te stel. 
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Dedication 

“Everyone therefore who hears these words of mine, 

and does them, I will liken him to a wise 

man, who built his house on a rock. The rain 

came down, the floods came, and the winds 

blew, and beat on that house; and it didn't 

fall, for it was founded on the rock. Everyone 

who hears these words of mine, and doesn't 

do them will be like a foolish man, who built 

his house on the sand. The rain came down, 

the floods came, and the winds blew, and 

beat on that house; and it fell – and great 

was its fall.”  

– Matthew 7:24-27 
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PART 1: GENERAL PART 

 General Introduction 

1.1 Background 

Geotechnical engineering is a subset of civil engineering focused on acquiring, 

interpreting and applying knowledge related to the Earth’s crust, with the intention of 

solving engineering problems and designing geotechnical structures. Within the 

geotechnical engineering field, there are a variety of geotechnical surveying and site 

investigation procedures that play a critical role in acquiring information to ensure a 

successful engineering design. In-situ penetrometer testing is a useful way of gaining 

an understanding of the consistency of the soil below the ground. Penetrometer testing 

is cost effective and therefore popular for routine data collection compared to more 

expensive testing procedures (Braatvedt, et al., 2008). 

Many forms of in-situ penetration tests are in use worldwide. Penetrometers can be 

divided into two broad groups; dynamic (driven or hammered) and static (pushed at a 

steady rate). In Southern Africa, there are two penetration tests that are commonly used 

on dry land, namely the Standard Penetration Test (SPT) and the Dynamic Probe Super 

Heavy (DPSH) test (MacRobert, et al., 2010). The SPT is used for soil exploration and 

the results obtained provide an assessment of soil properties and engineering design 

parameters. The test is not complex and its equipment can be transported, handled and 

maintained with relative ease (Decourt, et al., 1988; Schnaid, 2009). The DPSH is a 

similar method for acquiring subsoil information. The DPSH results assist in 

identifying boundaries between strata of differing density, locating sub-surface 

obstructions, such as existing foundations or buried objects, and identifying soft areas, 

voids or cavities (Stefanoff, et al., 1988). 

The SPT and the DPSH test share similar equipment specifications and testing 

procedures, with the exception that the SPT is performed at specific intervals within a 
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borehole, whereas the DPSH test begins probing at ground level and continues until 

refusal. Both tests apply equal drive energy to probes with similar rod diameters. 

However, the SPT uses a split-spoon sampler to recover a disturbed sample, while the 

DPSH test simply drives a steel cone into the ground and therefore does not obtain any 

soil sample during the test. As a result of these differences there is evidence that the 

two in-situ penetration tests do not produce the same results (MacRobert, et al., 2010; 

MacRobert, 2017). 

For either of the tests to be used with confidence in engineering design, a well-

established understanding needs to be ascertained of how the equipment, testing 

methods and soil properties on various sites influence the outcome of the test results. 

With this knowledge, further determinations can be made with the regards to the 

relations of the two tests. This ultimately allows engineers to use the two tests with 

improved confidence in an interchangeable, independent and time-effective manner 

when determining quantitative geotechnical design parameters. Therefore, this research 

seeks to improve the understanding of the DPSH test and the SPT, and their potential 

correlations. A better understanding of the tests is essential so that the penetration 

values are not used blindly in geotechnical engineering design. 

1.2 Justification 

Over time, many different penetration tests have been developed. As previously 

mentioned, the SPT and DPSH test are the two most popular dynamic in-situ 

penetration tests in Southern Africa, and hence this research study focused primarily on 

these two tests. However, in order to understand the progression of penetration testing 

in Southern Africa, a historical overview of various penetration testing methods was 

considered necessary. This historical overview highlights which penetration tests have 

been adopted in Southern Africa and further shows the degrees of variation of similar 

testing methods across the world. This shows that without meaningful research to better 

understand penetration tests their uses may diminish. Thus, justifying further research 

into the DPSH test and SPT procedures, even though they have been in existence for a 

long period of time. 

Stellenbosch University https://scholar.sun.ac.za



3 

 

A brief review of the International Reference Test Procedure (IRTP) for the SPT 

(Decourt, et al., 1988) and Dynamic Probing (DP) (Stefanoff, et al., 1988), specifically 

the DPSH (which represents the DP type with the heaviest hammer mass range), was 

necessary to understand the minor differences between the two tests in order to justify 

potential reasons for varying penetration values on the same site at similar depths. This 

would help guide the research undertaken in this study and the conclusions drawn to be 

factual, and thus be of assistance for any future research. 

Previous research into the DPSH test and SPT in Southern Africa highlights a 

significant extent of apprehension towards the validity of DPSH test penetration values 

(MacRobert, et al., 2010; MacRobert, et al., 2011; MacRobert, 2017). This is primarily 

due to limited research conducted on the DPSH test and its equivalence to the SPT, as 

well as the widely recognised presence of rod friction (resistance values) in the DPSH 

(Cearns & McKenzie, 1989; Nixon, 1989; Scarff, 1989; Butcher, et al., 1995). 

Furthermore, South African geological conditions are unique, and vary throughout the 

country; therefore, research into local site conditions and the penetration test results 

produced on site is necessary. It was thus required to gather SPT and DPSH test 

penetration values from prominent geotechnical engineering practitioners in South 

Africa over a large range of geological settings within Southern Africa to investigate 

the equivalence of the two in-situ penetration tests. 

1.3 Objectives and Scope 

The broad aim of this research was to explore geotechnical investigation methods, 

specifically dynamic penetration testing procedures. The scope was primarily focused 

on the DPSH test and SPT, and the interpretation of their penetration values. A 

secondary aim was to assess offshore dynamic penetration testing. To achieve these 

aims, three objectives were made: 

1. Conduct a literature review on the various types of geotechnical investigation 

methods, onshore and offshore, focusing on in-situ testing techniques. 

2. Calibrate a novel offshore DPSH testing rig. 
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3. Study the equivalence of the DPSH test and the SPT at refusal. 

The scope of the calibration exercise was limited to the developmental stage of the 

offshore DPSH testing rig by a third party. The scope of the study on equivalence was 

limited by the amount of data obtained from various geotechnical engineering 

practitioners in South Africa. 

1.4 Structure of Thesis 

This thesis was structured into five different parts; Part 1: General Part, Part 2: 

Calibration of an Offshore DPSH Rig, Part 3: Interpretation of DPSH Refusal, Part 4: 

Conclusions and Recommendations. Each part was further subdivided into chapters. 

Part 1 contains four separate literature reviews. The first literature review describes the 

different in-situ penetration test methods used locally and abroad. The next literature 

review assesses the effects of skin friction on the penetration resistance values during 

dynamic probing. The third literature review covers correlations between the SPT and 

various DP methods. The final literature review discusses offshore geotechnical 

engineering and methods of offshore in-situ testing. Part 1 also includes the 

methodology followed for the remainder of the study. 

Part 2 of this study covers the development of an offshore DPSH rig by a third party. 

This section describes the offshore DPSH rig and the limited calibration exercise 

undertaken. 

Part 3 of this study covers the interpretation of DPSH refusal. The interpretation of 

DPSH refusal was limited to data obtained by various geotechnical engineering 

practitioners in South Africa from sites across Africa in which both the DPSH tests and 

SPTs had been executed in a near enough vicinity in order to assume homogeneity of 

geotechnical parameters. 
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Part 4 of this study provides conclusions and recommendations based on findings from 

the separate parts and also suggests areas in which further research is required, 

specifically in a Southern African context.  

Stellenbosch University https://scholar.sun.ac.za



6 

 

 Literature Review: Site Investigations and Penetration 

Testing 

2.1 Site Investigations 

A site investigation is defined as the process of gathering all necessary and relevant 

information regarding an area (and its surroundings) where a proposed civil engineering 

structure is to be constructed. The intention of the gathered information is to allow the 

engineer to characterize the nature and distribution of the geotechnical properties of the 

area under investigation. This provides the engineer the best possible platform to 

successfully design, construct and operate a proposed development. Site investigations 

gather an array of information, covering details such as the regional geology, 

topography, hydrology, climate vegetation and seismology; the extent to which these 

particulars are investigated is dependent on the nature of the project (Schnaid, 2009). 

The perspective provided from Clayton, Matthews and Simons (1995) summarises the 

importance and aims of site investigations: 

“Site investigation is a complex process. It is vital to the success of any construction 

project, since inadequate investigation can lead to very large construction cost 

overruns. If site investigation is to be effective then it must be carried out in a systematic 

way, using techniques that are relevant, reliable and cost-effective.” 

The statement highlights the importance of gathering relevant and reliable geotechnical 

information in a cost-effective manner in order to necessitate a successful civil 

engineering design. The South African Institute of Civil Engineers Geotechnical 

Division (SAICE GD) (2010) provides a guideline to classify projects according to 

numerous categories. The initial classification considers the spatial extent of the 

proposed project and then the complexity of the intended development. With these 

classifications, the scope of the required site investigation for the project can be 

established. Table 2-1 highlights the categories in which a project can be classified 

according to its spatial extent. Table 2-2 stipulates the categories to consider when 

classifying a project according to its development complexity. 
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Table 2-1: Development categories according to size of site (South African Institution 

of Civil Engineering - Geotechnical Division, 2010) 

Development Categories Based on Spatial Extent: 

Compact Lone structures or a group of structures, such as a process factory, 

building, small dam, quarry, bridge, tower, tank, etc. 

Linear Roads, pipelines, rail lines, canals, tunnels, etc. 

Large 

area 

Housing estates, mining developments, industrial complexes, power 

stations, airports, harbours, large dams, etc. 

 

Table 2-2: Development categories according to development complexity (South 

African Institution of Civil Engineering - Geotechnical Division, 2010) 

Development Categories Based on Development Complexity: 

Minor 

structure 

Single storey buildings, steel infrastructure and machines that are 

typically not susceptible to settlement. 

Standard Multi-storey buildings, commercial and retail complexes, light 

industrial structures, warehouses, showrooms, telecommunication 

masts, bridges, small dams and reservoirs, etc. 

Complex Heavy industrial complexes, high-rise buildings, large reservoirs, 

dams, power stations, airports and harbours, etc. 

Exceptional Facilities associated with nuclear power generation, hazardous waste 

disposal, military installations and testing facilities, etc. 

 

Schnaid (2009) states that any engineering project requires a fundamental 

understanding of its geotechnical and environmental constraints. In order to identify 

these potential constraints the necessary stages of a site investigation need to be 

followed. Table 2-3 states the typical stages of a site investigation, with the previously 

established spatial extent and development complexity of a specific project determining 

the level of detail required in each stage. 
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Table 2-3: Stages of a site investigation (South African Institution of Civil 

Engineering - Geotechnical Division, 2010) 

Stages of Investigation: 

Pre-feasibility Desk study of obtainable material (such as geological and 

topographical maps, aerial and satellite images, various 

publications or information from past developments nearby to the 

area of interest) and a site walkover, where consideration should 

be given to site accessibility, geological exposures, topographic 

features and vegetation. 

Feasibility Thorough desk study and followed by limited intrusive 

investigations such as test pits for soil profiling, where these 

investigations could be undertaken simultaneously with a site 

walkover.  

Tender design 

or Basic 

engineering 

This stage involves compiling a factual report (or geotechnical 

data document) for tender determinations. In order to compile 

such a report, it is required to carry out boring with limited 

laboratory testing, test pits and trial holes. A second round of 

investigations may be necessary if irregularities or uncertainties 

emerged during the first round. 

Detailed design Detailed intrusive investigations based on the project layout 

including boreholes, test pits, in-situ tests, pore water pressure 

evaluations, detailed laboratory testing and any other relevant 

field tests in order to establish the necessary geotechnical design 

parameters. The results are compiled into a detailed design report. 

Construction Monitoring and additional testing during construction to ensure 

assumptions made during design are correct and to make any 

alterations if required. Construction permits an evaluation of a far 

greater representation of the site geology often exposed during 

earthworks and foundation construction, which may not have been 

easy to discover in earlier investigation and design stages. 

Post-

construction 

Post-construction monitoring is essential to assess the validity and 

adequacy of the established geotechnical model. It also provides 

an opportunity to detect any design deficiencies that can be 

remedied before any major damage is incurred. 

Remedial If failure has occurred or a structure is behaving inadequately, then 

forensic investigations may be completed in order to identify the 

causes and gain the necessary information to find the appropriate 

remedial measures. 

 

While Table 2-3 outlines the typical stages of a site investigation, some stages may be 

left out depending on the nature of the project. The stages merely represent a generic 

site investigation outline that can be followed and altered wherever deemed fit. 

Therefore the stages in Table 2-3 can be further categorized as follows: 
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- Preliminary investigation – includes pre-feasibility, feasibility and tender 

design (or basic engineering) stages, 

- Detailed design, and lastly 

- Supervision – includes construction, post-construction and remedial stages. 

Often, the stages followed in each of the three above-mentioned categories is 

determined by the regional geology and the local knowledge of the geotechnical 

engineer. It is frequently the case that a vast amount of information of a site is already 

attainable, and so particular site investigation stages may be ignored. 

Various test procedures are executed at different stages during a project’s lifespan. The 

various investigatory methods that are typically available to the geotechnical engineer 

in Southern Africa are provided in Table 2-4. 
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Table 2-4: Methods of investigation (South African Institution of Civil Engineering - 

Geotechnical Division, 2010) 

Non-Intrusive Methods: 

Geophysics Geophysical investigation techniques are defined as indirect 

methods for detecting the existence and location of geological 

features or obstructions. An example is seismic methods that are 

based on the propagation of seismic waves in order to gain 

subsurface information, such as seismic reflection or seismic 

refraction (Coe, et al., 2018). 

Remote 

sensing 

Entails the use of sensing devices that are not in physical contact 

with the earth in order to acquire information concerning certain 

characteristics of the earth’s surface. An example is satellite 

imagery, which can be used to identify major geological or 

topographical features.  

Intrusive Methods: 

Test holes Test holes are useful for soil profiling and sample collection. They 

are usually auger drilled holes of an acceptable diameter or general 

test pits that enables for the soil to be profiled, sampled and assess 

excavatability, slope stability and groundwater seepage 

characteristics. 

Geotechnical 

drilling 

These are typically rotary core drilled holes that assist in 

recovering, logging and testing samples of cohesive soils and rocks. 

Geotechnical drilling investigation methods are useful in executing 

in-situ tests at great depths below the ground surface and obtaining 

good quality undisturbed soil samples. 

Percussion 

drilling 

Percussion drilling produces extremely disturbed soil samples, but 

is useful in recording specific drilling parameters and chip samples 

can be logged which assists in distinguishing the underlying 

geology. 

In-situ Test Methods: 

Penetrometers Penetrometer testing entails the pushing or driving of a device into 

the soil from surface in order to record penetration resistance and 

establish various soil parameters. Penetrometers can be driven into 

the soil by hand, mechanically or with hydraulic systems. An 

example is the DPSH test. 

Borehole 

probes 

Borehole probing entails investigation methods executed by 

devices that are let down into a borehole and perform particular 

tests on the in-situ either in the sidewall, or immediately below the 

base of the borehole. Examples of borehole probing are penetration 

tests (SPT), cavity expansion tests (Pressuremeter Test), shear tests 

(Vane Shear Test) and permeability tests (pump tests). 

Laboratory Testing: 

Laboratory testing can be executed on disturbed or undisturbed soil samples that have 

been recovered by the various methods listed above. It is important to perform 

laboratory tests in a controlled environment, with standardized equipment and 

procedures in order to produce quantitative data for material classification, as well as 

the necessary soil parameters for design. 
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It is common for an accurate description of the soil profile to be the sole basis of a 

geotechnical investigation; however, it is becoming increasingly apparent this needs to 

be supported by in-situ testing data and soil sampling with subsequent laboratory 

testing. In a Southern African context, central regions tend to have deep water tables 

with shallow transported and residual material horizons, and thus geotechnical 

investigations rely on test pits to discover refusal on hard rock at shallow depths. In 

desert and riverine regions, where aeolian, alluvial and fluvial soils are present, 

geotechnical investigations usually entail the performing of dynamic probing on the in-

situ, with boreholes and SPTs also common. In the coastal regions of Southern Africa 

the soil horizons are considerably deeper as a result of more extreme weathering fronts 

and expansive dune cordons. This leads to collapsible fabrics with unstable test pits and 

auger holes, and so investigations rely on data from penetration tests (MacRobert, 

2009). 

2.2 Historical Development of Soil Penetration Testing 

Geotechnical engineering has developed and expanded with time. It has become 

extremely valuable for civil engineering construction and design. Demanding a 

thorough knowledge of the behaviour of soils, site characterization and interpreting in-

situ penetration tests are no longer just basic empirical recommendations. The acquiring 

of such knowledge is critical to ensure the successful construction of geotechnical 

structures (Schnaid, 2009). A method of determining ground conditions is penetration 

testing, which entails the driving of a steel cone into the ground and measuring the 

resistance to this penetration. Many static penetration tests (penetrometers 

mechanically pushed into the soil at a steady rate) and dynamic penetration tests 

(penetrometers driven into the ground by repeated hammer blows falling from a set 

height) are used today. Popular in-situ penetration tests are; Standard Penetration Test 

(SPT), Cone Penetration Test (CPT), Weight Sounding Test (WST) and Dynamic 

Probing (DP) (Broms & Flodin, 1988; MacRobert, 2017). 

One of the oldest forms of penetration testing is Dynamic Probing. DP measures 

probing resistance as a rod is progressively and continuously driven into the ground. 

Stellenbosch University https://scholar.sun.ac.za



12 

 

The first recorded use in Europe was by Goldmann in 1699 who measured the depth of 

penetration of a rod after a blow was delivered by a sledge hammer. Due to the novelty 

of penetration testing in the 17th and 18th century, testing methods were extremely 

varied and the interpretation of results differed among civil engineers. Further 

development of penetration testing occurred in the latter stages of the 19th century. Sir 

Stanford Fleming, a well-respected Canadian civil engineer, introduced a soil 

investigation method in 1872 where a steel rod was pushed into the ground and the 

required force was measured. Rod friction was eliminated by introducing a steel casing. 

The testing method is regarded as potentially the first modern static penetrometer 

(Broms & Flodin, 1988). 

In Scandinavia, in the 1890’s, penetration testing methods differed, with great 

variations in shape and dimensions of equipment. Around the same time, developments 

in soil penetration testing were made in the Norwegian areas of Trondheim due to the 

occurrence of numerous landslide incidents. A “rather simple tool” (heavy apparatus 

consisting of solid iron rods which could be attached and had a bottom rod moulded 

“…like an extended pyramid”, i.e., a hand drilling tool) was developed to make 

numerous boreholes that were used to inspect the underlying strata, which varied from 

sand, gravel, stones and ranging consistencies of clay. The soil consistency observed in 

the boreholes was described in a remarkably detailed fashion (Broms & Flodin, 1988). 

This was a large stride forward in using the results from soil penetration testing to 

describe the soil conditions beneath. 

At the turn of the century, and into the early 1900s, railway projects in Sweden were 

exposed to severe failures that suggested the need for remedial measures and improved 

site investigations. As a result, Svensson (1899), a railway engineer introduced a 

method of measuring penetration resistance in a more systematic approach by recording 

the number of men required to push down a sounding rod and then assigning a grade. 

Grade 0 indicated that the rod sunk merely on its own weight. Grade 1 indicated that 

one man was required, Grade 2 when two men were required, and so forth (Broms & 

Flodin, 1988). This approach was an early method of gathering quantitative data from 

static soil penetration testing. 
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Wendel (1900), who was head of the Harbour and River Works in Gothenburg, felt that 

the equipment and method used for the grading method proposed by Svensson (1899) 

had inconsistencies on some sites, especially where stony soils were present. Wendel 

suggested that a new probe was to be used which was composed of several short pipe 

sections which were connected through inside couplings in order to give a smooth 

outside surface. Wendel also advised that the penetration resistance should not be 

expressed in terms of number of men required to drive the rod into the ground, and 

instead use a weight which was dropped from a set height to measure the penetration 

for each blow (Broms & Flodin, 1988). This procedure and method of data gathering 

was one of the earliest recorded processes which mimics the manner in which dynamic 

penetration testing is executed today. 

In the Swedish National Archives, records were discovered of a ram penetration test 

(boring log) that was carried out during a site investigation for a proposed project in 

Stockholm in 1890. The testing method entailed probing coupled rods into the ground 

by means of a hammer in order to estimate the required lengths of piles in an esker (an 

elongated winding ridge of sediments, typically gravel, deposited by meltwater from a 

receding glacier or ice sheet). Qualitative data was gathered with the term ‘harder’ 

being used to describe the changes in penetration resistance with depth. In 1910, an 

investigation was performed in the same area, this time by driving penetrometer rods 

into the soil by repeated blows from a 60kg hammer falling 0.6m, and recording the 

depth of penetration after 10 blows were delivered (Broms & Flodin, 1988). These 

recordings provide a clear indication of the progression from qualitative to quantitative 

data gathering using dynamic penetration testing methods. 

A leaflet from the mechanical workshop B. M. Wermbergs Mekaniska Verkstad (1949) 

in Uddevalla, Sweden highlighted the great varieties in equipment used for DP, due to 

lack of standardisation, and also indicated that rod friction was recognised as an issue 

with these soil testing methods (Broms & Flodin, 1988). 
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DP was further developed in Germany, when different hammers and cone to rod ratios 

were introduced with the purpose to minimise friction. The German standard DIN 4094 

of 1964 explains the use of a ‘light penetrometer’ and a ‘heavy penetrometer’, which 

was later revised in 1973. The ‘light penetrometer’ had a hammer mass of 10kg with a 

drop height of 50cm. The rod diameter was 22mm and had a conical point with a 

diameter of 35.6mm. The skin friction was reduced with the use of a casing. The ‘heavy 

penetrometer’ had a hammer mass of 50kg with a drop height of 50cm. The rod 

diameter was 32mm and had a conical point with a diameter of 43.7mm. The aim of the 

enlarged conical point was to lessen skin friction resistance along the rods. The number 

of blows to drive the rods 100mm into the ground were counted for both tests. There 

were multiple configurations of hammer mass and rod to cone ratios used by various 

nations and an attempt to standardise the numerous tests arose in 1977 (Broms & 

Flodin, 1988; Stefanoff, et al., 1988). 

The Dynamic Probing (DP) Working Party of the International Society for Soil 

Mechanics and Foundation Engineering (ISSMFE) Technical Committee on 

Penetration Testing (1988) compiled a three-part report containing a descriptive 

summary of DP, which included the International Reference Test Procedure (IRTP) that 

has been widely accepted by the international community. The DP Working Party 

(1988) acknowledged their findings from a list of contributions that lead to the IRTP 

being published, namely: 

1. Proceedings from the First European Symposium on Penetration Testing, 

Stockholm, 1974 (ESOPT-I). 

2. Proceedings from the Second European Symposium on Penetration Testing, 

Amsterdam, 1982 (ESOPT-II), particularly the report on Dynamic Penetration 

Testing. 

3. Other literature references, namely: 

a) A questionnaire distributed to 25 member countries, which included South 

Africa, and 

b) Private communications, specifically among the members of the DP 

Working Party. 
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The DP Working Party (1988) felt that an International Standard for DP would be less 

appropriate due to the potential loss of bountiful local knowledge and experience, and 

potential negative economic consequences. 

There are two DP methods commonly used in South Africa; the Dynamic Cone 

Penetrometer (DCP) test and the Dynamic Probe, Super Heavy (DPSH) test (South 

African Institution of Civil Engineering - Geotechnical Division, 2010). The DCP 

shares similarities to the Dynamic Probing, Light (DPL) testing method, as described 

in the DP IRTP. The DCP test drives a 20mm diameter (60° apex angle) cone into the 

ground through repeated blows from an 8kg hammer dropping from a height of 575mm, 

as seen in Figure 2-1. During the test, the cone penetration is recorded after single or 

multiple hammer blows. The DCP N-value or penetration rate is calculated as the 

average penetration of the cone in mm per blow over each increment of measurement. 

The DCP test is primarily used in South Africa to classify in-situ road sub-grade 

materials via empirical relationships with the California Bearing Ratio (CBR) (Kleyn, 

1984). 

 

 

 

 

 

 

Figure 2-1: Dynamic Cone 

Penetrometer schematic 

(Mousavi, 2016) 
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The DPSH testing equipment in South Africa is based on the outline provided in the 

DP IRTP. The typical DPSH rig consists of a 63.5kg hammer, with a height of fall of 

760mm, which lands on a string of rods with a 50mm diameter, 90° apex angle, 

disposable cone attached at the front, as seen in Figure 2-2. The penetration is recorded 

as the number of blows required to drive the probe 300mm into the ground (instead of 

200mm as recommended by the IRTP). It has also been found that some contractors 

tend to use 60° disposable cones, although the SAICE Site Investigation Code of 

Practice states that a 90° cone apex angle should be used (Braatvedt, et al., 2008). A 

DPSH testing rig is usually mounted in such a way that it can be performed using a 

trailer or with a tripod. 

 

 

 

 

 

In the initial development stages of DP in Sweden, a test that included rotation of the 

probe in the ground was introduced called the Weight Sounding Test (WST). The WST 

device was first described in a manual by the Geotechnical Committee of the State 

Railways of Sweden (Broms & Bergdahl, 1982). The device consisted of a steel rod 

that was 1m in length and had a diameter of 15mm. The tip of the rod consisted of a 

screw shaped point. The soil resistance was measured as the number of men required 

to push down the penetrometer. Once driving penetration was no longer achievable, 

then a 90kg weight was added and the penetrometer would be rotated and the number 

Figure 2-2: Dynamic Probe, Super 

Heavy schematic (MacRobert, 

2009) 
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of half turns required for a defined depth of penetration recorded, or the depth of 

penetration was recorded for every 25 half turns, and acted as a further method of 

recording penetration resistance. WST is popular in Scandinavian countries, however 

the testing method has also been used in nations such as Poland, Singapore and Algeria. 

A typical WST rig consists of a screw shape point, 22mm diameter extension rods, a 

number of varying weights (5, 10, 10, 25, 25 and 25kg) and a handle for rotating the 

device, as shown in Figure 2-3. Initially, the point is progressively driven into the 

ground by adding weights in stages at a constant rate of penetration without any rotation 

until there is no further penetration and the rig is loaded at 1kN. The next stage of the 

test is performed by rotating the device and recording the number of half turns required 

to penetrate 200mm (Habibi, et al., 2007). 

 

 

 

 

 

Records from the latter parts of the 19th century and early 20th century indicate that 

washboring soil sampling methods in the United States of America tended to yield 

disturbed samples that had a high moisture content. It was soon realised that there was 

a need to obtain dry soil samples. In 1902, Lieutenant Colonel Charles R. Gow, owner 

of the Gow Construction Company in Boston, developed a 25mm diameter sampler 

which was driven by a 50kg hammer into the ground at the bottom of a borehole that 

allowed the recovery of a disturbed dry sample (Broms & Flodin, 1988). Further 

Figure 2-3: Weight Sounding Test screw 

shaped point and schematic view (Habibi, 

et al., 2007) 
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research and fieldwork from H. A. Mohr, who was then District Manager of the Gow 

Construction Company in New England, USA of the Raymond Concrete Pile Company 

and G. F. A. Fletcher in 1927 helped contribute towards the design of the split spoon 

sampler which is used in the Standard Penetration Test today. 

The SPT method of driving a 50.8mm (2 inch) diameter split spoon sampler into the 

ground with repeated blows by a 63.5kg (140lb) hammer falling through 762mm (30 

inches) was standardised by Mohr and Fletcher in 1930. The configuration and precise 

dimensions of the ‘Raymond sampler’, developed by Mohr and Fletcher, was described 

by Hvorslev (1949) in his noteworthy report on “Subsurface Exploration and 

Sampling”. Sampler specifications provided by Hvorslev (1949) stated that the sampler 

with a vented head could either have a 0.55m (22 inches) long split barrel or be solid 

with a total length of 0.85m (34 inches). At the time, there was no use of a ball check 

valve or a liner on the inside diameter of the barrel, which had a diameter length of 

35.1mm. The ‘Raymond sampler’, used by the Raymond Concrete Pile Company, 

would initially be probed 150mm into the ground for the purpose of decreasing the 

influence of the disturbed zone at the bottom of the borehole. Alternatively, at the Gow 

division, the test would only be conducted from the level at which the sampler sank 

under its own weight (Hvorslev, 1949). Along with the sampling record, the number of 

blows to drive the split spoon sampler 300mm (12 inches) into the ground was recorded 

as a measure of penetration resistance. 

The earliest reference to the testing method being called the Standard Penetration Test 

is mentioned by Terzaghi (1947) in a presentation titled “Recent Trends in Subsoil 

Exploration”, which he gave at the 7th Conference on Soil Mechanics and Foundation 

Engineering held in Texas at the University of Texas. The popularity of the test grew 

after the first published reference to the SPT and further correlations appeared in a 

textbook, namely “Soil Mechanics in Engineering Practice” by Terzaghi and Peck 

(1948), in which SPTs were used in the design of both deep and shallow foundations. 

The SPT was shortly after being used by the US Bureau of Reclamation and the US 

Corps of Engineers and several of private organisations. The first American Society for 

Testing and Materials (ASTM) description for the SPT was published in April 1958 
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under designation D1586-58T. The ASTM became a ‘standard method’ in 1967. In 

1984, the standard was updated to include a liner which required a 3mm increase in the 

inside diameter. This update was necessary after research showed that without this liner 

penetration may be affected by between 10 – 30% (Seed, et al., 1985). 

The Standard Penetration Test (SPT) Working Party of the International Society for 

Soil Mechanics and Foundation Engineering (ISSMFE) Technical Committee on 

Penetration Testing (1988) presented a four-part document containing 

recommendations discussed by the SPT Working Party at the First International 

Symposium on Penetration Testing (ISOPT-I). Within this four-part document was an 

International Reference Test Procedure. The SPT Working Party (1988) explained that 

it was essential that there be IRTPs that was specific enough to produce sufficient 

accuracy and consistency of results. Any variability of SPT results could negatively 

impact situations where comparison of test results was necessary, such as international 

research. The SPT is a very popular in-situ testing method in South Africa and the 

testing procedure follows the guidelines provided in the IRTP. See Figure 2-4, which 

illustrates the common equipment used for the SPT. 

 

 

 

 

 

Figure 2-4: Typical SPT equipment (Clayton, 

et al., 1995) 
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The tests discussed above are all dynamic penetration tests, which was defined as 

testing methods that involve the penetrometer being driven or hammered down into the 

ground. A static penetration test involves the penetrometer being pushed into the ground 

at a steady rate. A noteworthy static penetration test was developed in the Netherlands 

in 1934, which may be viewed as the introduction to the Cone Penetration Test (CPT). 

The testing method was particularly suited to the Netherlands, where the ground 

consists of mainly soft deltaic clay deposits. The aim of the test was to locate and 

evaluate the density of sand layers within the soft deltaic clays, as a means of 

determining the ultimate bearing capacity of driven piles (Meigh, 1987). Initially, the 

apparatus consisted of a simple cone, which was developed by Delft Laboratories and 

was described by Vermeiden (1948) as a 60° cone of 35.7mm diameter with a face area 

of 10cm2. The cone was hydraulically pushed into the soil at a steady rate (2 ± 0.5cm/s) 

while measuring the necessary force required to drive the cone. This was shortly 

followed by the ‘mantle cone’, a design intended to prevent soil particles from entering 

the space between the cone and the push rods. A friction sleeve was then introduced at 

the Technical University at Bandung, Indonesia, that could measure local skin friction 

over a short length above the cone (Begemann, 1953). In 1948, the electric 

penetrometer was developed, which was able to measure the cone resistance with 

transducers that were mounted directly above the cone and with local skin friction 

similarly measured, however its widespread use only came about in the late 1960’s. 

Around the same time, a strain gauge that could measure pore water pressure was 

developed, and this was incorporated into general use in the early 1970’s (Meigh, 

1987). See Figure 2-5, which shows various CPT cones that are typically used. 
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Due to changes in stresses, strains and pore pressures, during CPT probing it is 

challenging to theoretically analyse. Hence, although some theoretical models both 

analytical and numerical work has been attempted, the interpretation of CPT data 

remains essentially empirical (Meigh, 1987). A considerable disadvantage to the testing 

method is the fragility and delicate nature of the cones. As a result, the CPT can only 

be performed in soft soils, and considerable damage can be expected when used in 

dense or stiff or gravelly material (Clayton, et al., 1995). In South Africa, the CPT is 

useful for site investigations in tailings impoundments and on sites containing fine 

grained alluvial sediments such as the Berea sands around the Durban area (South 

African Institution of Civil Engineering - Geotechnical Division, 2010). 

Research into site investigation procedures and penetration testing shows that different 

tests have been developed to suit local geological conditions. In South Africa, the two 

most popular penetration testing methods are the Standard Penetration Test and the 

Dynamic Probe Super Heavy test, both of which are still mainly used in the same 

manner since their inception. During the 15th International Conference on Soil 

Mechanics and Geotechnical Engineering, held in Istanbul in August 2001, P. W. 

Mayne suggested that the SPT be retired during his address on “Soil property 

characterisation by means of field tests”. The reasoning provided was that due to the 

Figure 2-5: Schematic of different cone penetrometer designs (Simons, et al., 

2002) 
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lack of development of the testing procedure in relation to other modern devices, such 

as the computer, and the reliance on empirical models for interpreting the vast number 

of geotechnical properties from the SPT N value. Mayne recommended that 

geotechnical engineers should move away from older-traditional devices towards more 

modern devices, such as the: 

- Cone Pressuremeter, 

- Seismic Piezocone, 

- Dilatocone, 

- Seismic Dilatometer, and 

- Resistivity Cone. 

However, until these modern devices are widely used by geotechnical engineers, the 

well-known, traditional testing procedures should still be investigated, particularly in 

Southern Africa. 

2.3 Dynamic Probing 

Dynamic probing (DP) is an established method of penetration testing for subsoil 

exploration within the field of geotechnical engineering (Stefanoff, et al., 1988). Due 

to the simplicity of the concept, various devices have been developed around the world. 

These have been classified under four distinct types and are discussed in Table 2-5. 
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Table 2-5: Dynamic probing classification (Stefanoff, et al., 1988) 

Type Abbreviation Mass (kg) Description 

Light DPL ≤ 10 Represents the lowest hammer mass 

range. The depth of investigation is 

usually not larger than roughly 8m. 

Medium DPM > 10; < 40 Represents the medium hammer mass 

range; the depth of investigation 

ranges between 20 and 25m. 

Heavy DPH ≥ 40; ≤ 60 Represents the medium to very heavy 

hammer mass range; the depth of 

investigation is usually not larger 

than roughly 25m. 

Super Heavy DPSH > 60 Represents the heaviest end of the 

hammer mass range. The dimensions 

of the DPSH testing procedure is 

similar to the SPT. The depth of 

investigation can be larger than 25m. 

 

The most used DP method in South Africa is the DPSH, and in many cases the DPSH 

test is used instead of the SPT for preliminary investigations in order to establish 

geotechnical parameters by assuming the blow counts are roughly equivalent 

(Braatvedt, et al., 2008). 

The first standard published was the German standard DIN 4094 of 1964. It described 

the use of a ‘light penetrometer’ and a ‘heavy penetrometer’. At the time, there were 

multiple configurations of hammer mass and rod to cone ratios used by various nations. 

Reproducibility, accuracy and compatibility of obtained results from DP tests are 

integral requirements on an international level in both fields of industrial application 

and research, which is the same for any other particular field test. And so, a working 

party was established as it became apparent that there was a need for an International 

Reference Test Procedure (IRTP). The following factors were identified as elements 

that required standardisation to ensure repeatability of the test (Stefanoff, et al., 1988): 

- Deformation of driving rods, 

- Skin friction, 
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- Driving rate, 

- Driving interruptions, and 

- Application of driving energy. 

In 1988, at the First International Symposium on Penetration Testing (ISOPT-I) an 

International Reference Test Procedure was presented by the Dynamic Probing (DP) 

Working Party of the International Society for Soil Mechanics and Foundation 

Engineering (ISSMFE) Technical Committee on Penetration Testing, which has been 

widely accepted by the international community. The Site Investigation Code of 

Practice published by SAICE (2010) and Franki’s Guide to Practical Geotechnical 

Engineering in Southern Africa (2008) summarise the testing procedure adopted in 

South Africa for the DPSH. A description thereof is given in the paragraph below. 

A 63.5kg hammer falls from a height of 760mm onto a string of ‘E’ sized rods (outside 

diameter of 33mm) that has a 60° or 90° disposable cone, 50mm in diameter (20cm2 

projected area), fitted onto the bottom. The number of blows required to drive the cone 

in increments of 300mm into the ground is recorded (as opposed to 200mm increments 

suggested in the IRTP), and are termed as DPSH n values. Once refusal is reached it is 

advised to detach the disposable cone and withdraw the driving rods by 600mm to 1m 

and then re-drive the rods, with the number of blows per 300mm being recorded. These 

re-drive blow counts give an indication of skin friction acting on the drive rods. The 

DPSH n values are then corrected by assuming zero rod friction at ground level 

increasing linearly to the blow count value recorded during the re-drive. The IRTP 

advises that the rods be rotated after every one and a half metres of penetration and that 

torque readings be taken as another method of determining rod friction. Refusal is often 

regarded as 100 blows or more to penetrate 300mm, however in soil profiles where skin 

friction is considerable refusal can be increased to 200 blows or more to penetrate 

300mm (Stefanoff, et al., 1988; Braatvedt, et al., 2008; South African Institution of 

Civil Engineering - Geotechnical Division, 2010). Table 2-6 shows the recommended 

technical data for DP in the IRTP. Due to the extent of various DP testing methods, the 

research reported in this thesis was not restricted to only the DPSH. Table 2-7 

summarises the different tests researched and can be used as a convenient reference in 

the chapters that follow. 
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Table 2-6: Technical data of dynamic probing test procedures (Stefanoff, et al., 1988) 

Factor 
Reference Test Procedure 

DPL DPM DPH DPSH 

Hammer mass, kg 10 ± 0.1 30 ± 0.3 50 ± 0.5 63.5 ± 0.5 

Height of fall, m 0.5 ± 0.01 0.5 ± 0.01 0.5 ± 0.01 0.75 ± 0.02 

Mass of anvil and guide 

rod (max), kg 

6 18 18 30 

Rebound (max), % 50 50 50 50 

Length to diameter (D) 

ratio (hammer) 
≥ 1 ≤ 2 ≥ 1 ≤ 2 ≥ 1 ≤ 2 ≥ 1 ≤ 2 

Diameter of anvil (d), 

mm 

100<d<0.5D 100<d<0.5D 100<d<0.5D 100<d<0.5D 

Rod length, m 1 ± 0.1% 1–2 ± 0.1% 1–2 ± 0.1% 1–2 ± 0.1% 

Maximum mass of rod, 

kg/m 

3 6 6 8 

Rod deviation (max), 

first 5 m,% 

1.0 1.0 1.0 1.0 

Rod deviation (max), 

below 5 m, % 

2.0 2.0 2.0 2.0 

Rod eccentricity (max), 

mm 

0.2 0.2 0.2 0.2 

Rod OD, mm 22 ± 0.2 32 ± 0.3 32 ± 0.3 32 ± 0.3 

Rod ID, mm 6 ± 0.2 9 ± 0.2 9 ± 0.2 - 

Apex angle, deg. 90 90 90 90 

Nominal area of cone, 

cm2 

10 10 15 20 

Cone diameter, new, 

mm 
35.7 ± 0.3 35.7 ± 0.3 43.7 ± 0.3 50.5 ± 0.5 

Cone diameter (min), 

worn, mm 

34 34 42 49 

Mantle length of cone, 

mm 
35.7 ± 1 35.7 ± 1 43.7 ± 1 50.5 ± 2 

Cone taper angle, 

upper, deg. 

11 11 11 11 

Length of cone tip, mm 17.9 ± 0.1 17.9 ± 0.1 21.9 ± 0.1 25.3 ± 0.4 

Wear of cone tip length 

(max), mm 

3 3 4 5 

No. blows per cm 

penetration 

10cm; N10 10cm; N10 10cm; N10 20cm; N20 

Standard range of 

blows 

3 – 50 3 – 50 3 – 50 5 – 100 

Specific work per blow: 
𝑀𝑔𝐻

𝐴
, kJ/m2 

50 150 167 238 
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Table 2-7: Summary of technical data of dynamic probing configurations in literature review 

Reference Test Designation 
Hammer Mass 

(kg) 

Drop Height 

(mm) 

Cone Dimensions 

Rod Diameter 

(mm) 

Specific 

work per 

blow: 
𝑴𝒈𝑯

𝑨
 

(kJ/m2) 

Diameter 

(mm) 

Apex Angle 

(deg) 

Card and Roche 

(1989) 

DPN300 50 500 43.7 90 32 164 

Cearns and 

McKenzie (1989) 

DPn 63 760 50.5 90 50.5 235 

Butcher et al. 

(1995) 

DPL 10 500 35.7 90 22 49 

DPM15 30 500 43.7 90 32 98 

DPM 30 500 35.7 90 32 147 

DPH 50 500 43.7 90 32 164 

DPSH 63.5 750 50.5 90 32 233 

Scarff (1989) SRS15 50 500 43.7 - 32 164 

Tonks and Whyte 

(1989) 

SRS15 50 500 43.7 - - 164 

Warren (2007) DPSH 63.5 750 50.5 90 32 233 

MacRobert 

(2011) 

DPSH 63.5 760 50.5 60 41.3 240 
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2.4 Standard Penetration Test 

The Standard Penetration Test (SPT) has maintained its popularity since its inception 

in 1927 and remains the most popular and widely used in-situ testing procedure 

currently practised worldwide (Decourt, et al., 1988; Schnaid, 2009). The SPT is used 

for preliminary soil exploration and can be used in practically any site condition. The 

testing method is primarily recommended for granular soils, and for soils of particular 

conditions that make it hard to sample and test within the confinement of a laboratory 

or for soils in which the conditions make it hard to perform other in-situ testing 

methods. SPTs provide an assessment of soil properties, deep and shallow foundation 

design parameters and, more recently, liquefaction probability of granular soils for 

earthquake design. Due to the relative simplicity of the testing procedure, low cost and 

robust test equipment consisting of few components that can be easily transported, 

handled and maintained explains its worldwide acceptance and use (Schnaid, 2009). 

Procedures for the test differ across nations due to equipment availability and slight 

method alterations to cater for local geological conditions. The SPT was first 

standardised in the USA in 1958 after an ASTM publication, specifically under 

designation D1586-58T. Between 1957 and 1965, sub-committees of the International 

Society for Soil Mechanics and Foundation Engineering (ISSMFE) attempted to 

standardise the different SPT methods around the world. Though, due to a divergence 

in views the standardisation process was ended. The European sub-committee, 

however, continued with their efforts to standardise the test. There were numerous 

elements that the sub-committees felt required standardisation in order to improve the 

reliability of the SPT results, such as: 

- Method of drilling, 

- Borehole fluid, 

- Borehole diameter, 

- Hammer mechanism, 

- Rod stiffness, 

- Split-spoon sampler (in gravel type materials a 60° cone was often used), and 
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- Method of recording penetration resistance. 

In 1988, at the First International Symposium on Penetration Testing (ISOPT-I) an 

International Reference Test Procedure (IRTP) was presented by the Standard 

Penetration Test (SPT) Working Party of the ISSMFE Technical Committee on 

Penetration Testing. 

The SPT Working Party (1988) explained that it was essential that there be an IRTP 

that was specific enough to produce sufficient accuracy and consistency of results. Any 

variability of SPT results can negatively impact situations where comparison of test 

results is necessary, such as international research. The SPT Working Party (1988) 

further explained that the intention of the IRTP was to convey the simplest possible, 

complete description of all the factors influencing Standard Penetration Test results. 

The SPT Working Party (1988) considered an International Standard being inhibitive 

and unacceptable. This was largely due to the disruption it would have on various 

successful individual methods of execution of the SPT combined with empirical 

knowledge at individual, local and national levels. Furthermore, the legal implications 

of the use of a standard also presented difficulties within the international community. 

Therefore, the SPT Working Party (1988) deemed that the concept of an IRTP was 

more appropriate, which has been widely accepted by the international community. The 

Site Investigation Code of Practice published by SAICE summarises the testing 

procedure implemented in South Africa and a description is given in the paragraph 

below. 

The SPT is executed incrementally within a borehole which could have been bored by 

an array of different methods (described in Table 2-8 below), for example washboring, 

rotary core drilling or reverse circulation drilling. The test can be conducted once the 

boring equipment has been extracted and the bottom of the borehole is neatened, then 

the SPT equipment is lowered down. The procedure is performed by recording the 

number of blows from a 63.5kg hammer dropping from a height of 760mm required to 

drive a standard split spoon sampler (see Figure 2-6 below) through six increments of 

Stellenbosch University https://scholar.sun.ac.za



29 

 

75mm. The first two increments (upper 150mm) is considered ‘disturbed material’ and 

these recorded blows are disregarded. The blows recorded for the remaining four 

increments (300mm) are reported as the SPT N Value (Decourt, et al., 1988; South 

African Institution of Civil Engineering - Geotechnical Division, 2010). 

Table 2-8: Borehole methods 

Method Description 

Washboring Washboring entails loosening and washing out soil with a jet of 

water in order to lower a casing. The method is typically used to 

get rid of loose material before proceeding with rotary drilling 

through solid rock (Blockley, 2005). 

Rotary drilling Rotary core drilling is used in both rock and soft ground, where 

material is cut by a rotating drill bit (Blockley, 2005). 

Continuous 

flight auger 

The continuous flight auger borehole method entails the use of a 

cutting head and a continuous helical spiral flight from the bit to 

the surface on which strata is transported to the surface. The flight 

can either be extracted from the borehole or the SPT can be 

executed within a hollow stem that exists in some of the drilling 

rigs (Blockley, 2005). 

Percussion 

drilling 

Often called ‘shell and auger’ drilling. Percussion drilling entails 

breaking up rock by means of a percussive action (repeated 

surging), and some occasions the percussive bit is also rotated. 

Rock is broken up by means of a percussive action and in some 

cases the percussive bit is also rotated (Clayton, et al., 1995) 

Reverse 

circulation 

drilling 

This is an alternative variation to rotary drilling. The method may 

be applied to soil or rock, but generally it is easier to execute in 

strong intact rock than in weak weathered rocks and soils. Reverse-

circulation drilling entails a rotary action combined with a 

downward force while pressurized air of fluid is applied to the 

annulus between the drill rods and the side wall of the hole. The 

material cut exits through the centre of the drill rods (Clayton, et 

al., 1995). 

Tri-cone The formation of a hole in the subsoil without taking intact samples 

is defined as ‘open-holing’. It can be executed in numerous 

different ways, but a common method during site investigations is 

with the tool termed as the ‘tri-cone rock roller bit’. The method is 

used to drill through soft deposits, which have been previously 

sampled by light percussion or auger rigs (Clayton, et al., 1995). 
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In Figure 2-6 above, the appropriate dimensions and tolerances of labels A to G are as 

follows: 

A) 25 to 50mm, 

B) 457 to 762mm, 

C) 34.93 ± 0.13mm, 

D) 38.1 ± 1.3 – 0.0mm, 

E) 2.54 ± 0.25mm, 

F) 50.8 ± 1.3 – 0.0mm, and 

G) 16.0° to 23.0°. 

The recovered sample in the split spoon sampler during an SPT is categorised as 

compressed and disturbed. Nonetheless, the sample is used for logging purposes and 

basic laboratory testing for soil classification from the recovered sample is often carried 

out. In stiffer or denser materials, where hard driving conditions are experienced (such 

as gravels), the split spoon sampler can be replaced with a 60° cone in order to prevent 

any potential damage to the driving shoe. It is regarded as standard practice to end the 

SPT and declare refusal if the recorded blow count exceeds 50 blows per 150mm of 

penetration. 

 

Figure 2-6: SPT split spoon sampler, as given in ASTM D 1586-58T 
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2.5 Summary 

Over the course of time, various penetration tests have been developed in order to gather 

valuable geotechnical data for the design of engineering structures. The spatial extent, 

design complexity, local geological conditions and the stage at which a project is are 

often the most critical determining factors governing which penetration test is to be 

used on site. Furthermore, evidence shows that local geology has played a large role in 

the adaption of penetration tests and as a result has led to numerous different testing 

procedures. As such, widely accepted International Reference Test Procedures were 

published with the aim of conveying the simplest possible, complete description of all 

the factors influencing test results in order to produce sufficient accuracy and 

consistency of results. It was clearly stated that reference test procedures were not a 

specification for obtaining results in a particular manner at a specific site, and as a result 

testing techniques have experienced slight adaptations to suit local conditions. Even 

within countries, some contractors develop alterations to certain tests. It is clear that 

these changes need to be well documented and the potential effects on accuracy, 

consistency and repeatability has to be determined. 

The Standard Penetration Test is the most popular dynamic penetration testing method. 

This is due to the amount of research and correlations made between certain 

geotechnical design parameters and the SPT N values. The Dynamic Probe, Super 

Heavy test is another extremely popular dynamic penetrometer alternative in South 

Africa due to its low cost and ease of use. Often the interpretation of DPSH n values is 

qualitative due to limited research and correlations with geotechnical parameters being 

available. Often the DPSH n- and SPT N values are assumed as equivalent, and thus 

this concept needs to be investigated. Both of these specific tests have remained 

practically the same for an extended period of time, leading to a wealth of data. This 

generated data suggests that geotechnical design parameters can be correlated with 

them and thus justifies more research into the tests.  
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 Literature Review: Skin Friction 

3.1 Dynamic Probing and Skin Friction 

Skin friction has minimal effect on penetration resistance when hammering the split 

spoon sampler into the ground during a SPT. This is because the diameter of the 

borehole in which the SPT is performed is larger than the rods diameter attached to the 

sampler. Generally, the borehole diameter for an SPT in South Africa is 76mm, and in 

some cases the borehole may be cased (Braatvedt, et al., 2008). The outside diameter 

of the SPT extension rods ranges between 47.6 – 66.7mm (MacRobert, et al., 2010). 

Therefore, the rods will only come into contact with the soil around it if the borehole 

collapsed, which would immediately result in test termination. Therefore, the 

proceeding discussion in Chapter 3 will focus on the effects of rod friction during 

dynamic probing. 

During a DP test, the cone attached to the extension rods is hammered into the ground 

repeatedly, and as a result it has been found that skin friction is a major influencing 

factor along the extension rods. Numerous papers have been published on this effect 

(Cearns & McKenzie, 1989; Nixon, 1989; Scarff, 1989; Tonks & Whyte, 1989; 

Butcher, et al., 1995). In South Africa it is common practice to use a cone that is 

50.0mm in diameter with a 60° apex angle, which is attached to extension rods that are 

typically 33.3mm (‘E’ size) or 41.3mm (‘A’ size) in diameter for the DPSH apparatus 

(MacRobert, et al., 2010). 

Avoiding skin friction is a primary concern during dynamic penetration testing. This is 

because penetration resistance values are the only results that allows interpretation of 

test results. Four precautions are recommended to reduce or avoid skin friction 

(Stefanoff, et al., 1988): 

- The cone diameter is greater than the rod diameter, 

- The rods are turned at certain penetration depths, 
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- Drilling mud can be injected, and 

- Push rods similar to the cone penetration test (CPT) separate skin friction from 

cone resistance. 

Using cones greater in diameter than the rods is mandatory internationally. According 

to the IRTP, test equipment with cone/rod diameter ratios that exceed 1.3 leads to 

results that are minimally influenced by skin friction. However, caution is needed in 

interpreting DP results retrieved in cohesive and non-cohesive soils. Research suggests 

that the difference in rod and cone diameters creates a small annulus around the rods 

which may potentially collapse, bringing the soil into contact with the rods and thus 

resulting in skin friction (Stefanoff, et al., 1988; MacRobert, et al., 2011). 

Turning the rods is a measure of reducing skin friction. Skin friction can be avoided 

almost completely if drilling mud is used during a DP test. Skin friction is avoided most 

effectively if the drilling mud is injected through small holes in the hollow rods near 

the cone. These holes are either directed horizontally or marginally upwards. The use 

of push rods (casings) similar to the method used in CPT is as effective as, but less used 

than, the drilling mud method (Stefanoff, et al., 1988). 

Repetitive driving interruptions may lead to skin friction build-up. Therefore, under 

normal circumstances, the penetrometer is continuously driven into the subsoil, only 

allowing for interruptions when the driving rods need to be extended. The aim is to 

keep these interruptions as short as possible (Stefanoff, et al., 1988). 

To overcome the effects of rod friction and eliminate soil resistance, energy is needed. 

However, with greater effects of skin friction, the greater the energy dissipation is 

during a DP test. An analysis of DPSH data performed by Gintaras and Kastytis (2010) 

demonstrated that rod friction had an effect on the blow efficiency of the DPSH, and 

thus on the outcome of the test data. The DPSH probed through strata of fine sand, 

sandy clay and sandy silty clay till (from a depth of roughly 5m below ground level) 

(see Figure 3-1). To assess the impact of skin friction, probing was carried out with and 

without a lubricating bore mud (i.e. drilling mud). The DPSH blows were recorded in 
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increments of 200mm of penetration. The findings showed that the effects of skin 

friction increased the DPSH blow count values by approximately 10 – 15% from depths 

of 5m below ground level and onwards (see Figure 3-2), emphasising that the effects 

of skin friction leads to an increase in energy dissipation during a DP test (Gintaras & 

Kastytis, 2010). 

 

 

 

 

 

3.2 Skin Friction in Cohesive and Non-Cohesive Soils 

Skin friction is a major concern during DP, and thus justifies researching the effects of 

skin friction when probing in cohesive and non-cohesive soils. Literature appears 

divided as to which soil types lead to the development of skin friction on the extension 

rods during DP (Stefanoff, et al., 1988; Nixon, 1989). 

Stefanoff et al. (1988) state that skin friction is typically present in cohesive soils and 

organic soils. An investigation into skin friction while probing in clays by Butcher et 

al. (1995) concluded that skin friction on the rods was considerable on sites consisting 

of stiff clays, whereas on sites consisting of soft clays skin friction was less influential. 

Research on the effects of skin friction in stiff London clays by Scarff (1989) also 

produced similar findings to Butcher et al. (1995). Nixon (1989) suggested that there is 

Figure 3-1: Soil profile (Gintaras & 

Kastytis, 2010). 

Figure 3-2: Plot of N20 profiles with 

and without bore mud (Gintaras & 

Kastytis, 2010). 
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extreme variation regarding the presence of skin friction in different soils, but is 

generally more prominent in dense soils. An investigation by Cearns and McKenzie 

(1989) concluded that substantial rod friction was developed in dense granular materials 

and cohesive soils, but also remarked that rod friction was less developed when probing 

in loose granular soils and soft or firm cohesive clays. Tonks and Whyte (1989) stated 

that skin friction was prominent on sites with cohesive soils, but less so on sites with 

non-cohesive soils in an investigation on correlations between the SRS15 (“Schwere 

Rammsonde”, which is the German Standard DIN 4094 equivalent to DPH) and the 

SPT. The effect of skin friction was more noticeable in soils with higher plasticity and 

lower stiffness. The longer testing took, higher degrees of skin friction developed. 

Stiff dense cohesive materials seem to be the predominant source of skin friction, 

regardless most soils will develop some skin friction to a certain degree. There is 

agreement that rod friction increases with depth. Table 3-1 provides a summary of the 

above literature on skin friction in cohesive and non-cohesive soils. 

Table 3-1: Presence of skin friction in certain soils 

Reference 
Significant Skin 

Friction 

Insignificant Skin 

Friction 

IRTP (Stefanoff, et al., 1988) Soft cohesive soils and 

organic soils 

Medium to high density 

non-cohesive soils 

(especially above the 

water table) 

Butcher et al. (1995) Stiff clays Soft clays 

Nixon (1989) Dense soils  

Cearns and McKenzie (1989) Dense granular soils and 

cohesive materials 

Loose granular soils and 

soft or firm cohesive 

material 

Scarff (1989) Stiff clays  

Tonks and Whyte (1989) Cohesive soils, where 

friction increases with 

plasticity and stiffness 

Non-cohesive soils 

 

To analyse skin friction necessitates methods to measure the effects. Literature suggests 

three methods to investigate skin friction; namely torque readings, comparing dynamic 
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and static cone penetration data and re-drive at refusal. The IRTP recommends torque 

readings as a method to measure skin friction, but local knowledge in South Africa of 

this technique is limited. Re-drive at refusal to determine skin friction is more common 

in South Africa. The method gained popularity in South Africa after being mentioned 

in the first edition of Franki’s Guide to Practical Geotechnical Engineering in Southern 

Africa (Braatvedt, et al., 2008) and was later expanded in the SAICE Site Investigation 

Code of Practice. Comparisons between dynamic and static cone penetration data is not 

deemed economically viable, although research done by Cearns and McKenzie (1989) 

is worth mentioning and is discussed further in this chapter. 

3.3 Torque Readings to Correct for Skin Friction 

Dahlberg and Bergdahl (1974), Scarff (1989) and Butcher et al. (1995) presented three 

various approaches of using torque readings to correct for skin friction. All three 

methods are based on recording readings of the torque required to rotate the extension 

rods after every 1m of penetration (Stefanoff, et al., 1988). Dahlberg and Bergdahl 

(1974) presented a theoretical skin friction correction method centred on the assumption 

that the mean skin friction along the extension rods is equal to the friction causing the 

torque that is opposing the rod rotation. Dahlberg and Bergdahl (1974) presented the 

following equation which calculates the number of blows per 0.2m of penetration to 

overcome the skin friction: 

 
𝑁𝑠𝑘𝑖𝑛 =

2𝑀𝑣𝑒

𝐷𝑚0𝑔𝐻
 (1) 

Where: 

- 𝑁𝑠𝑘𝑖𝑛 is the skin friction resistance along the rods in blows per 0.2m of 

penetration 

- 𝑀𝑣 is the torque reading on the rods in N.m 

- 𝑒 is the defined depth increment in metres 
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- 𝐷 is the rod diameter in metres 

- 𝑚0 is the hammer mass in kg 

- 𝑔 is gravitational acceleration in m/s2 

- 𝐻 is the height of fall in metres 

Bergdahl (1979) tested this proposed skin friction correction method at the Swedish 

Geotechnical Institute (SGI). The general soil profile at the location was described as 

consisting of soft varved clay to about 5m and primarily silt below, with occasional 

stone and gravel. The ground water level was roughly 1m below the surface. Bergdahl 

(1979) used an adapted HfA (Swedish ram-sounding) dynamic probe. The probe had 

an attached slip coupling which allowed skin friction to be measured independently. 

Equation 1, above, was used to determine the 𝑁𝑠𝑘𝑖𝑛 values (also referred as 𝑁𝑓 values). 

The results were between 2 and 4 blows per 0.2m of penetration. The re-drive correction 

method was also executed and produced results of 𝑁𝑠𝑘𝑖𝑛 values between 7 and 11 blows 

per 0.2m of penetration. The results obtained by Bergdahl (1979) showed that dynamic 

skin friction was roughly 3.4 times greater when driving, compared to the static 

resistance obtained by measuring torque readings. 

Scarff (1989) tested the relationship proposed by Dahlberg and Bergdahl (1974) at the 

BRE Canons Park test site. The soil profile was described as 10m of firm to stiff clay. 

The SRS15 apparatus was used for the test. An assumption was made that the clay 

strength was reasonably uniform over the soil profile. Figure 3-3, below, presents the 

results obtained regarding the relationship between total blow count and torque 

readings. Scarff (1989) showed that for every 15N.m torque measured, 1 blow must be 

subtracted per 100mm of penetration, which is 2.8 times the calculated 𝑁𝑠𝑘𝑖𝑛 value. 
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Butcher et al. (1995) further assessed the influence of skin friction at Canons Park, 

Cowden and Madingley on sites consisting of stiff clays. The testing equipment used 

was the DPL, DPM15 and DPH. The method used to determine the torque readings to 

correct for skin friction followed a similar approach as previously attempted by Scarff 

(1989). Torque readings were taken every 1m on site, then a linear interpolation was 

implemented to plot torque readings against blow counts that had been recorded in 

increments of 100mm. With this data, Butcher et al. (1995) determined a torque 

correction equivalent to 1 blow of the respective probing method. The authors remarked 

that this method had to be used with well-established knowledge of the soil properties, 

as this had a large impact on the measured torque readings. Furthermore, this method 

neglected to apply torque corrections to penetration increments where the blow count 

recorded was less than the previous blow count. This was due to the action of measuring 

the torque resulted in the release of the frictional forces. The IRTP gives mention to 

rotating the rods at certain penetration depths to minimise skin friction, therefore the 

reasoning by Butcher et al. (1995) suffices. The torque corrections found in this study 

by Butcher et al. (1995) was not compared to the 𝑁𝑠𝑘𝑖𝑛 relationship established by 

Dahlberg and Bergdahl (1974). Table 3-2 presents the correction values calculated. 

Figure 3-3: Plot of torque readings on rods versus 

total blow count per 100mm on Canons Park test 

site (Scarff, 1989) 
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Table 3-2: Torque correction data for different probes at various sites (Butcher, et al., 

1995) 

Dynamic Probing 

Type 

Torque Correction (N.m/blow) 

Soil Type 

Gault Clay London Clay Glacial Till 

DPL - 3.8 4.0 

DPM15 6.8 7.0 8.3 

DPH 11.1 12.0 12.2 

 

The IRTP suggested that injecting drilling mud above the probe during penetration was 

another method to minimise friction. Butcher et al. (1995) tested this in conjunction 

with the torque correction study. Butcher et al. (1995) described that bentonite slurry 

was allowed to flow through hollow extension rods, under the effects of gravity, into 

the annulus behind the probe. It was reported that the procedure was effective on sites 

with grounds consisting mainly of stiff clays, whereas on sites with soft clays present a 

unique pressure system was necessary. The bentonite slurry was forced into the void 

behind the probe by maintaining the applied pressure slightly above the average soil 

stress. The results obtained by Butcher et al. (1995) are illustrated on the next page. In 

Figure 3-4 the differing probing results indicate the increased penetration resistance 

when drilling mud is not used. In Figure 3-5 the same graph is displayed, however the 

torque corrections previously determined and shown in Table 3-2 are implemented. The 

graph in Figure 3-5 depicts how effectively the torque corrections mitigate the effects 

of skin friction and how the blow counts agree between the test with and without the 

bentonite slurry. 
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In order to collate the different investigations, Equation 1 was used to establish a 

theoretical torque reading that corresponds to a 𝑁𝑠𝑘𝑖𝑛 value of 1 for the different probing 

methods. The results are presented in Table 3-3. These are then matched to the torque 

correction results obtained in the different investigations, and is presented in Table 3-

4. 

Table 3-3: Theoretical torque readings with 𝑁𝑠𝑘𝑖𝑛 value of 1 

Variables 
Configuration 

DPL DPM15 DPH DPSH SRS15 HfA 

𝑒, mm 100 100 100 200 100 200 

𝐷, mm 22 32 32 32 33.3 32 

𝑚0, kg 10 30 50 63.5 50 63.5 

𝐻, m 0.5 0.5 0.5 0.75 0.5 0.5 

𝑀𝑣, N.m 5 24 39 37 42 25 

 

Figure 3-4: DPM15 blow counts per 

100mm at Canons Park (Butcher, et 

al., 1995) 

Figure 3-5: DPM15 blow counts per 

100mm corrected for skin friction at 

Canons Park (Butcher, et al., 1995) 
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Table 3-4: Comparison of investigation results 

Reference Rig Soil Type 

Torque Corrections 

(N.m/blow) Ratio 

Theoretical Experimental 

Bergdahl 

(1979) 
HfA 

Soft varved clay to 

5m and silt below, 

with occasional 

stone and gravel 

25 7.4 3.4 

Scarff 

(1989) 
SRS15 Stiff Clay 42 15.0 2.8 

Butcher et 

al. (1995) 

DPL 
London Clay 5 3.8 1.3* 

Glacial Till 5 4.0 1.3* 

DPM15 

Gault Clay 24 6.8 3.5 

London Clay 24 7.0 3.4 

Glacial Till 24 8.3 2.9 

DPH 

Gault Clay 39 11.1 3.5 

London Clay 39 12.0 3.3 

Glacial Till 39 12.2 3.2 

Average Ratio (*values excluded from average, see discussion below) 3.3 

 

The investigations reviewed in this study were conducted several years apart, and show 

the significant repeatability of the data when relating the ratio concerning the static and 

dynamic determination of skin friction, which ranges between 2.8 – 3.5, and has an 

average of 3.3. The DPL data was neglected because this method of probing is typically 

performed at shallower depths and the effects of rod friction is not as prominent. The 

DPL data, above, reflects this notion with the small difference between the theoretical 

and experimental torque correction values (Bergdahl, 1979; Scarff, 1989; Butcher, et 

al., 1995). 

The research done by Bergdahl (1979), Scraff (1989) and Butcher et al. (1995) showed 

that the theoretical torque correction method to account for skin friction proposed by 

Dahlberg and Bergdahl (1974) underestimated the skin friction to varying degrees in 

different soils. A corrective constant, 𝑘, was required to account for the underestimation 

of blow counts. Table 3-4 shows that the corrective constant, 𝑘, from the reviewed 

literature was determined as 3.3. Therefore, Equation 1 was modified as follows: 
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 𝑁𝑠𝑘𝑖𝑛 = 𝑘 ×
2𝑀𝑣𝑒

𝐷𝑚0𝑔𝐻
 (2) 

 𝑁𝑠𝑘𝑖𝑛 = 3.3 ×
2𝑀𝑣𝑒

𝐷𝑚0𝑔𝐻
 (3) 

MacRobert et al. (2011) further investigated torque corrections on a site characterized 

by deep (roughly 50m thick) Quaternary age transported sand underlain by soft rock of 

the Cape Granite Suite. Figure 3-6 shows that the consistency of the sand increased 

rapidly from very loose to medium dense in the first 3m, and increased to dense at 9m. 

Figure 3-7 illustrates the torque readings measured after every 1m of penetration. 

MacRobert et al. (2011) noted that torque values increased below the water table. 

 

 

 

 

 

 

MacRobert et al. (2011) compared the torque corrected blow counts to the blow counts 

corrected by the empirical method proposed by MacRobert et al. (2011) in the paper 

Figure 3-6: DPSH n and SPT N 

profiles (MacRobert, et al., 2011) 

Figure 3-7: Torque profile 

(MacRobert, et al., 2011) 
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titled “Empirical Equivalence between SPT and DPSH Penetration Resistance Values”. 

It was found that the corrective constant, 𝑘, varied with depth below the water table. 

MacRobert et al. (2011) presented a relationship to simplify the torque distribution 

below the water table so that a single corrective constant, 𝑘, could be applied. Equation 

4 describes the distribution and Figure 3-8 shows the close correlation between the 

torque correction method and the empirical method. 

 
𝑀𝑣 = (

𝑑 − 𝐺

𝑅 − 𝐺
)

2.7

× 𝑇𝑅 (4) 

Where: 

- 𝑑 is the depth below ground level in metres 

- 𝐺 is the depth to the ground water table in metres 

- 𝑅 is the depth to refusal in metres 

- 𝑇𝑅 is the torque at refusal in N.m 

 

 

 

 

 

Figure 3-8: Comparison of corrected 

DPSH n profiles (MacRobert, et al., 

2011) 
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With this distribution MacRobert et al. (2011) determined the value of the corrective 

constant, 𝑘, to be 12. The research and results assessed in this study concerning torque 

readings for skin friction corrections indicates that this is a viable method for skin 

friction corrections, but careful considerations need to be taken regarding the soil types 

on site and resulting effects on torque readings. 

3.4 Re-drive to Correct for Skin Friction 

In Southern Africa, the re-drive method is commonly used to correct for skin friction 

(Braatvedt, et al., 2008; South African Institution of Civil Engineering - Geotechnical 

Division, 2010). The re-drive method is implemented once refusal is reached during a 

DP test. In the case of a DPSH test, at refusal the rods are withdrawn by 600mm to 1m 

and are re-driven, with the number of blows per 300mm recorded – acting as an 

indicator of skin friction along the rods. The DPSH n values recorded for the entire 

profile can be corrected by assuming zero rod friction at ground level and by applying 

incremental modifications increasing linearly with depth to the blow count value 

recorded during the re-drive. The re-drive method can be implemented to different 

dynamic probes, with the withdraw height and blow count recording increments 

adjusted accordingly. 

Research done by Cearns and McKenzie (1989) supports the idea that skin friction 

becomes greater with depth in a linear trend provided the soil profile is uniform. 

Presence of a critical depth may alter the assumption that skin friction decreases linearly 

to the ground surface, however not all authors acknowledge its existence. The 

investigation by Bergdahl (1979) with a slip coupling showed that a re-drive should 

provide an indication of the skin friction that builds up during a DP test. 

The re-drive method to correct for skin friction is not used often in South Africa and 

abroad. This may be because of a lack of research regarding skin friction within 

Southern Africa, as well as minimal understanding of the effectiveness of the re-drive 

method for skin friction corrections (MacRobert, et al., 2011). 
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3.5 Summary 

The literature review on the effects of skin friction highlights its effect on DP results. 

Rod friction is not prominent at shallow probing depths but after a critical depth it 

becomes a factor. The skin friction on the rods is a result of material collapse during a 

probing test, even though the diameter of the cone is greater than the rod diameter, and 

therefore the effects of skin friction can be time dependent. Uniform soil profiles will 

exhibit a linear build-up of skin friction. Two effective techniques suggested to 

minimise the effects of skin friction are using drilling mud, such as bentonite slurry, 

and rod rotations every 1m. An analysis performed by Gintaras and Kastytis (2010) 

showed that without the use of drilling mud the effects of skin friction increased DPSH 

blow counts by approximately 10 – 15% from depths of 5m below ground level and 

onwards in a cohesive profile. 

Initial research by Dahlberg and Bergdahl (1974), which was further advanced by 

Bergdahl (1979), Cearns and McKenzie (1989), Scarff (1989), Butcher et al. (1995) 

and MacRobert et al. (2011); shows that torque readings are an effective method to 

correct for skin friction. Research in this study found that a modification of Equation 1 

may be necessary with the addition of a corrective constant, 𝑘. However, careful 

considerations need to be taken regarding the soil types on site and resulting effects on 

torque readings, which in turn will have an effect on the resulting corrective constant, 

𝑘. In South Africa minimal investigations into the effects of skin friction has been done 

(Webb, 1974). As DP is a common in-situ testing method in South Africa, further 

testing is required to determine how the corrective constant, 𝑘, varies for different soils. 
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 Literature Review: Correlations between SPT and DP 

4.1 Introduction 

Over time, different DP configurations have been developed each providing varying 

penetration resistance values depending on the energy delivered per blow. The success 

of a civil engineering design is dependent on establishing the correct soil parameters. 

Soil parameters are often obtained from penetration resistance values. There has been 

extensive research on dynamic penetration testing, however published correlations are 

not always determined from the same dynamic penetration testing technique, and 

therefore there is a requirement to correlate penetration resistance values between the 

various configurations. Numerous papers have been published where comparisons 

between methods were made theoretically and then tested with obtained data, as well 

as only statistical correlations. This chapter will describe these different methods. Much 

of the research assesses correlations between the SPT and varying DP configurations. 

Therefore, a correlation between the DPSH test and the SPT will be put forward in 

order to compare different results. Wherever feasible, the correlation will be provided 

by using the equation below: 

 𝐷𝑃𝑆𝐻 𝑛

𝑆𝑃𝑇 𝑁
= 𝐾𝐷𝑃𝑆𝐻 (5) 

Where: 

- 𝐷𝑃𝑆𝐻 𝑛 is the DPSH blow count 

- 𝑆𝑃𝑇 𝑁 is the SPT blow count 

- 𝐾𝐷𝑃𝑆𝐻 is the DPSH versus SPT correlation factor 

4.2 Relationships of the Various DP Types 

The different DP types deliver varying specific energies per blow, and as a result the 

blow count will be subjective to the probing type used for testing. The IRTP proposed 
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that the results of different dynamic penetration tests may be presented (and compared) 

as resistance values, namely, 𝑞𝑑 or 𝑟𝑑 (Stefanoff, et al., 1988). The resistance values 

are defined as: 

 
𝑟𝑑 =

𝑀𝑔𝐻

𝐴𝑒
 (6) 

 
𝑞𝑑 =

𝑀

𝑀 + 𝑀′
×

𝑀𝑔𝐻

𝐴𝑒
 (7) 

Where: 

- 𝑟𝑑 and 𝑞𝑑 are resistance values measured in Pa, kPa or MPa 

- 𝑀 is the mass of the hammer in kg 

- 𝑀′ is the total mass of the extension rods, the anvil and the guide rods in kg 

- 𝐻 is the height of fall in metres 

- 𝑒 is the average penetration per blow (i.e. depth increment, in metres, per blow) 

- 𝐴 is the base area of the cone in m2 

- 𝑔 is gravitational acceleration in m/s2 

The resistance value, 𝑟𝑑, is a measurement of driving work done when penetrating the 

ground and the resistance value, 𝑞𝑑, is a further calculation that takes into account the 

inertia of the driving rods and hammer after impact with the anvil. Calculation of these 

resistance values helps to standardise the blow counts from the different types of 

dynamic probes, and thus is a method of correlating the different configurations. 

Caution must be taken, especially at high resistances, because 𝑟𝑑- and 𝑞𝑑-resistances 

do not relate to strength ranges that the corresponding mechanical device can sustain 

(Stefanoff, et al., 1988). 

An investigation by Butcher et al. (1995) assessed different DP configurations and 

tested the proposed resistance value equations as a method of comparison between 
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different DP types. The investigation was performed in clay and glacial till test beds 

(Butcher, et al., 1995). The DPL, DPM15 and DPH configurations were executed in 

London clay and corrected for rod friction; 𝑟𝑑 and 𝑞𝑑 resistance values were also 

determined. Figure 4-1 illustrates the results that were graphically presented. 

The graph of N10 versus Depth in Figure 4-1 shows that the lighter probing device (i.e. 

DPL) provides the best resolution in the two strata. The 𝑟𝑑 values produce very similar 

profiles for the DPM15 and DPH arrangements, but the DPL values are up to 50% 

greater. Although, when corrected for the effects of inertia from the driving rods and 

hammer by determining the 𝑞𝑑 values, the profiles are very similar. Similarly DPL, 

DPM15, DPH and DPSH arrangements were executed in glacial till. Bentonite slurry 

was injected to reduce skin friction during the DPL, DPM15 and DPH testing, but was 

not possible for the DPSH testing. Figure 4-2 illustrates the results that were graphically 

presented.  

Figure 4-1: Comparing DP equipment in London clay, (a) N10 versus Depth, 

(b) 𝑟𝑑 versus Depth, (c) 𝑞𝑑 versus Depth (Butcher, et al., 1995) 

Stellenbosch University https://scholar.sun.ac.za



49 

 

Once more, as seen in Figure 4-2, the lighter probing device (i.e. DPL) produced 

improved resolutions, but it is noticeable that at 6m depth and below the DPSH N10 

values drastically increase as result of skin friction. The 𝑟𝑑 values produced very 

scattered results again, whereas the 𝑞𝑑 values of the various configurations were more 

comparable. However, the 𝑞𝑑 values for the DPSH test increased at a rapid rate from a 

depth of 6m and onwards, indicative of the presence of skin friction. The data could be 

used to determine skin friction corrections, but may prove challenging in a practical 

standpoint due to the need to record the number of rods used and their masses as they 

are added. 

Butcher et al. (1995) suggested that 𝑞𝑑 values can be utilized to correlate between DP 

data and geotechnical design parameters. Butcher et al. (1995) recommended that 

dynamic probes be exploited with variable hammers in such a manner that a lighter 

hammer could be utilized on sites where soils with lower point resistances are present 

in order to produce improved resolutions. This may be a useful consideration in South 

Africa, even though the DCP (comparable to the DPL) and the DPSH configurations 

Figure 4-2: Comparing DP equipment in glacial till, (a) N10 versus Depth, (b) 

𝑟𝑑 versus Depth, (c) 𝑞𝑑 versus Depth (Butcher, et al., 1995) 
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are typically used when probing, it may be useful to exploit different configurations in 

the future for the purpose of achieving improved resolutions. 

4.3 Theoretical Relations between the SPT and Different DP Types 

Tonks and Whyte (1989) as well as Card and Roche (1989) presented two theoretical 

methods based off of energy consideration. Each method considers the potential energy 

of the free falling hammer that is transferred to the rods and cones, but handle the energy 

dissipation into the ground, via the cones, in differing styles. The method proposed by 

Tonks and Whyte (1989) is constructed on specific energy, whereas the method 

formulated by Card and Roche (1989) is constructed on a basic pile driving equation. 

The specific energy is defined as the potential energy of the free falling hammer 

transferred to the cone divided by the projected area of the tip penetrating the soil. This 

specific energy definition does not specifically reckon any potential energy losses that 

may result because of elastic deformation, heat, rig vibrations, etc. However, if the 

energy dissipations are assumed to be equal in both tests then a comparison can be made 

(Tonks & Whyte, 1989). The investigation by Tonks and Whyte (1989) compared the 

SRS15 (German Standard DIN 4094 equivalent to DPH) to the SPT, and therefore the 

results of this comparison can be used to estimate the comparison of the DPSH test and 

the SPT. The specific energy per blow was defined as follows: 

 
𝐸𝑆 =

𝑀𝑔𝐻

𝐴𝑠
 (8) 

Where: 

- 𝐸𝑆 is the specific energy per blow in kJ/mm2 

- 𝑀 is the hammer mass in kg 

- 𝑔 is gravitational acceleration in m/s2 
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- 𝐻 is the height of fall in metres 

- 𝐴𝑠 is the projected area of the tip in mm2 

In the case of the SPT, the projected area of the tip can be assumed to be the wall area 

of the split spoon sampler or to act as a ‘plug’, in that scenario the tip area will be the 

entire base area of the split spoon sampler. The specific energy is greater if the projected 

area of the tip is assumed to be only the wall area of the split spoon sampler. For the 

SRS15 probe, the projected tip area is equal to the entire cone surface area. Table 4-1 

summarises the specific energies of the different configurations by using Equation 8. 

Table 4-1: Comparing specific energies of the different configurations 

Configuration 
Hammer 

Mass (𝑴, kg) 

Height of 

Fall (𝑯, m) 

Tip Area (𝑨𝒔, 

mm2) 

Specific 

Energy (𝑬𝑺, 

kJ/mm2) 

SRS15 50 0.5 1500 163 

SPT (Wall Area) 63.5 0.76 1068 443 

SPT (Entire Tip 

Area) 

63.5 0.76 2026 234 

 

The testing procedures of the two tests collect penetration resistance values at different 

depth increments (every 100mm for the SRS15 and every 300mm for the SPT), 

therefore any correlation factors have to take this into consideration. A scaling factor, 

𝐾, was introduced by Tonks and Whyte (1989) using the following formula: 

 
𝐾𝑆𝑅𝑆15 =

𝐸𝑆𝑆𝑅𝑆15

𝐸𝑆𝑆𝑃𝑇
×

𝑒𝑆𝑃𝑇

𝑒𝑆𝑅𝑆15
 (9) 

Where: 

- 𝐾𝑆𝑅𝑆15 is the scaling factor 

- 𝐸𝑆𝑆𝑅𝑆15 is the specific energy of the SRS15 dynamic probe (i.e 163kJ/mm2) 
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- 𝐸𝑆𝑆𝑃𝑇 is the specific energy of the SPT (i.e. 443 or 234kJ/mm2) 

- 𝑒𝑆𝑃𝑇 is the SPT penetration resistance value recording depth increment (i.e. 

300mm) 

- 𝑒𝑆𝑅𝑆15 is the SRS15 dynamic probe resistance value recording depth increment 

(i.e. 100mm) 

Equation 9, above, was used to establish the following relations: 

 𝑆𝑃𝑇𝑊𝑎𝑙𝑙 𝐴𝑟𝑒𝑎 𝑁 = 1.10 × 𝑆𝑅𝑆15 𝑛 (10) 

 𝑆𝑃𝑇𝐸𝑛𝑡𝑖𝑟𝑒 𝑇𝑖𝑝 𝐴𝑟𝑒𝑎 𝑁 = 2.06 × 𝑆𝑅𝑆15 𝑛 (11) 

The two relations seen above were tested at the three sites in England consisting of 

different types of cohesive and non-cohesive materials. To minimise skin friction on 

the rods during testing, the rods were rotated and peak torque readings were recorded 

at 1m intervals, with reductions made based on the formula proposed by Dahlberg and 

Bergdahl (1974), as seen in Equation 1 (for the SRS15 the 𝑁𝑠𝑘𝑖𝑛 was 1 blow per 40N.m 

of torque). Tonks and Whyte (1989) found that negligible torque was recorded in non-

cohesive soils, whereas in cohesive soils considerable torque readings were measured. 

The first site was an investigation of slip failure on a hillside and required stabilisation. 

The soil composition of the hillside consisted of primarily glacial sands, and the slip 

failure was situated within a band of clay. Some scatter was noticed in the SPT and 

SRS15 values, but it was found that the correlation was generally around 1.7. No SPTs 

were executed in the clay soil, but samples were obtained with which the undrained 

shear strength was determined. This resulted in the determination of a correlation factor 

between the undrained shear strength and the SRS15 blow counts which was equal to 

7.5 and is expressed as follows: 

𝐶𝑢 = 𝐾1 × 𝑆𝑅𝑆15 𝑛 
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A correlation between SPT N values and undrained shear strength in glacial clays was 

established by Stroud and Butler (1975), and was expressed as: 

𝐶𝑢 = 4.5 × 𝑆𝑃𝑇 𝑁 

Tonks and Whyte (1989) found that by manipulating the above expressions a 

correlation factor between SPT N and SRS15 n values was determined as 1.66, which 

is comparable to the correlation factor in cohesive material. 

The second site was for a proposed industrial development, where stabilisation was 

required on a 15m high, 28° slope. There were 32 boreholes made and 16 penetration 

tests were executed, probing through various cohesive and non-cohesive materials. The 

non-cohesive material comprised of chemically contaminated ash fill, sand fill, alluvial 

sand and glacial sand. The cohesive material encountered included clay fill and boulder 

fill. The general range in correlation factor between the SPT N and SRS15 n values 

varied between 1.4 – 2.0; with 1.7 representing a good fit with no discernible difference 

between material type and density. Minimal data was gathered in the cohesive 

materials, but the correlation factor between the undrained shear strength and SRS15 n 

values generally ranged between 6 – 9 (Tonks & Whyte, 1989). 

The third site investigated a 1 km canal bank, with 55 probing holes (no information 

provided on number of each test) where probes encountered an array of materials 

including chemical waste, estuarine sands and clays, glacial sands and boulder clay. In 

the non-cohesive materials a correlation factor between the SPT N and SRS15 n values 

ranged between 1.5 – 2.0, with 1.7 representing a good fit. Data gathered in the cohesive 

materials provided a correlation factor between the undrained shear strength and the 

SRS15 n values was determined as 7.0, which corresponded to a factor of 1.6 between 

the SPT N and SRS15 n values by using the relationship proposed by Stroud and Butler 

(1975) (Tonks & Whyte, 1989). 
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By making the assumption that the correlation factor for both the cohesive and non-

cohesive materials between the SPT N and SRS15 n values is 1.7, then it is possible to 

determine the specific energy. Furthermore, by making the assumption that the energy 

dissipation in the SRS15 probe occurs over the tip area, then the specific energy of the 

SPT can be calculated by manipulating Equation 9 as follows: 

 
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝐸𝑆𝑆𝑃𝑇 =

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝐸𝑆𝑆𝑅𝑆15

𝐾𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙
×

𝑒𝑆𝑃𝑇

𝑒𝑆𝑅𝑆15
 (12) 

The experimental 𝐸𝑆𝑆𝑃𝑇, by using the rearranged Equation 9 as seen above, equates to 

288kJ/mm2. Using Equation 8, the specific energy of the DPSH, 𝐸𝑆𝐷𝑃𝑆𝐻, is determined 

as 237kJ/mm2. By substituting these values and the known depth increments of the SPT 

and DPSH test, the following correlation factor was determined by using Equation 9: 

𝐾 =
237

288
×

300

300
= 0.82 

By using Equation 5, the following correlation between the SPT and DPSH test can be 

determined: 

𝑆𝑃𝑇 𝑁 = 0.82 × 𝐷𝑃𝑆𝐻 𝑛 

𝐷𝑃𝑆𝐻 𝑛

𝑆𝑃𝑇 𝑁
= 𝐾𝐷𝑃𝑆𝐻 = 1.2 

The procedure proposed by Tonks and Whyte (1989) to correlate the SPT and SRS15 

test was relatively simple by implementing a ratio between corresponding results. 

Therefore, the procedure can be employed to draw correlations between collected SPT 
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and DPSH test data. However, it is often the case that no skin friction corrections are 

applied during testing in South Africa and so the correlation factor may vary. 

The theoretical method proposed by Card and Roche (1989) based off energy 

consideration used a basic pile driving formula, which was utilized to compare energies 

transmitted per blow between the SPT, DPN300 and DPSH. The pile driving formula to 

determine the ultimate penetration resistance, 𝑄𝑢, was defined as follows: 

 
𝑄𝑢 =

𝑀𝑔𝐻 − ∆

𝑉
 (13) 

Where: 

- 𝑄𝑢 is the ultimate penetration resistance in J/m3 

- 𝑀𝑔𝐻 is the hammer energy per blow in J 

- ∆ is the energy dissipated per blow due to factors such as rig vibrations in J 

- 𝑉 is the volume of soil displaced by the cone per blow in m3 

By assuming that the dissipated energy per blow, ∆, for each test is equal; the ultimate 

penetration resistance, 𝑄𝑢, for the SPT, DPN300 and DPSH can be calculated and is 

presented in Table 4-2, below. 

Table 4-2: Comparing 𝑄𝑢 values 

Variables SPT DPN300* DPSH 

Hammer energy (𝑀𝑔𝐻, J) 485 245 485 

Depth increment (𝑒, mm) 300 300 300 

Cross sectional area (𝐴𝑠, mm2) 1960 1500 1960 

Ultimate penetration resistance (𝑄𝑢, J/m3) 823 545 823 

*The standard depth increment for continuous dynamic probing (DPN) is 

100mm, so 3 successive DPN values were added to find the DPN300 value 
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The results presented above were used to establish a correlation factor (presented 

below) between the SPT and DPN300, which was then analysed with data obtained from 

four sites spread over the south of England. Boreholes with SPTs were executed 

adjacent to the DPN probing. No skin friction corrections were made, as it was assumed 

that it was negligible in the non-cohesive alluvial and chalk strata that the tests were 

typically performed in. 

 𝐷𝑃𝑁300 = 1.5 × 𝑆𝑃𝑇 𝑁300 (14) 

The correlation factor is presented in a slightly different format than that used by Tonks 

and Whyte (1989), however by implementing the following transformation below, a 

comparison can be made: 

100

300
× 𝐷𝑃𝑁300 =

100

300
× 1.5 × 𝑆𝑃𝑇 𝑁300 

𝐷𝑃𝑁100 = 0.5 × 𝑆𝑃𝑇 𝑁300 

 𝑆𝑃𝑇 𝑁300 = 2 × 𝐷𝑃𝑁100 (15) 

This agrees with the assumption made by Tonks and Whyte (1989) when the SPT is 

assumed to act as a cone. Figure 4-3 and Figure 4-4, below, are graphs that illustrate 

the results of the experiments done by Card and Roche (1989) in order to test the 

proposed theoretical method. 
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Figure 4-3: Scatter plot graph of the SPT N300 and DPN300 values for 

chalk strata (Card & Roche, 1989) 

Figure 4-4: Scatter plot graph of the SPT N300 and DPN300 values 

for non-cohesive soils (Card & Roche, 1989) 
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Card and Roche (1989) concluded that an equitable degree of consistency was noticed 

with the suggested theoretical relationship. Yet, it was identified that the following 

characteristics could present scatter in the results, and should be assessed further: 

- The proportion of ultimate penetration resistance carried in side friction on the 

cone is different for both sets of rigs. 

- In loose soils, collapse of the probe hole and increasing skin friction can be 

expected. 

In Figure 4-5, a borehole log and adjacent DPN scatter plot graph from the research 

done by Card and Roche (1989) is displayed below. The figure illustrates the data 

recorded in a loose alluvial gravel horizon (between 2 – 7m) where the SPT N300 values 

are generally 5, whereas the DPN300 values are around 25, which underlines the two 

characteristics mentioned above. The linear increase in DPN300 values in this horizon 

also highlights that skin friction becomes greater in a linear fashion with depth. 

 

 

 

 

 

 

Figure 4-5: Comparison of SPT N300 and DPN300 values 

(Card & Roche, 1989) 
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The pile driving formula can be used to establish a correlation factor between the DPSH 

n and SPT N values. The correlation factor, 𝐾𝐷𝑃𝑆𝐻, is 1 because both test methods 

displace equal volumes of soil, record blows over the same depth increment and have 

the same hammer mass and height of fall. The correlation factor is reasonably close to 

the correlation factor found by Tonks and Whyte (1989) when the entire tip area was 

accounted for, but the investigation by Card and Roche (1989) did not consider various 

cross-sectional tip areas for the SPT. This appears to be a major factor when 

establishing a correlation between the SPT and the different DP configurations. The 

SPT Working Party (1988) described that the split spoon sampler has a considerable 

effect on the penetration resistance for the SPT in the IRTP. In some instances the drive 

shoe is sometimes replaced with a cone similar to the DPSH cone. Figure 4-6 presents 

the results of a series of tests performed in loose and medium dense sands, having no 

significant gravel content, where greater penetration resistances were recorded when 

using the cone tip. 

 

 

 

 

 

4.4 Statistical Correlations between the SPT and DPSH Test 

Another comparison technique to correlate the SPT N and DP n values is through 

statistical correlations where energy considerations are not necessarily reckoned for. 

Figure 4-6: Comparison of dynamic 

penetration test results using a standard split 

spoon sampler and 60° cone (Decourt, et al., 

1988) 

Stellenbosch University https://scholar.sun.ac.za



60 

 

Cearns and McKenzie (1989) performed investigations using a dynamic cone 

penetrometer of a Borros DPSH configuration. The blow counts were recorded in 

increments of 100mm, in a sand and gravel profile, and a chalk profile. The effects of 

skin friction were accounted for by measuring torque readings, and results with minimal 

torque were used in the correlation assessment. The SPTs used for the correlations were 

performed according to the BS 1377:1975. Cearns and McKenzie (1989) did not 

provide an indication of the magnitude of the data set, and the minimal data points seen 

in the published paper insinuates that the data set was relatively small. The initial scatter 

plot graph of the SPT N values versus the DP n values revealed a large degree of scatter, 

with no obvious trend distinguished. The correlation method entailed a data plot of the 

SPT N/DP n ratio versus the DP n values (see Figure 4-7). The result was utilized as a 

function to establish the correlation factor between the DP n values and the SPT N 

values. The data is prone to differ in an inversely proportional manner, which indicates 

that by plotting the DP n/SPT N ratio (i.e. the inverse) versus the DP n value will result 

in a straight line, which is more straightforward to perform regression on. 

It is worth noting that Figure 4-7 displays a peculiar phenomenon where the low 

strength output (i.e. low DP n values) resulted in a greater SPT N/DP n ratio than those 

at higher strengths. The hypothesis was that this was as a result of either the grain size 

or an increase in strength with depth and greater energy dissipation in the DP rods due 

to their smaller diameters when compared to the rods used in the SPT. In Figure 4-8 it 

can be seen that no relationship between grain size and the SPT N/DP n ratio was 

established from the data set, implying that more energy is dissipated in the DP than 

the SPT when probing through materials of higher strengths (Cearns & McKenzie, 

1989). 

 

Stellenbosch University https://scholar.sun.ac.za



61 

 

 

 

 

 

The N/n ratio was utilized to determine the correlation factor between the SPT N and 

DP n values. Figure 4-9 and Figure 4-10, below, illustrate the correlations for the sand 

and gravel, and chalk soil profiles, respectively. 

 

 

 

 

An investigation by Warren (2007) followed the same procedure as Cearns and 

McKenzie (1989) to correlate DPSH and SPT data that had been obtained from 

investigations performed in soils of chalk at Salisbury Plain and fine clayey sand with 

no gravel at Aldershot Garrison, both in the UK. There was no sign of which technique 

had been used to account for skin friction. Warren (2007) treated the correlation 

established by Cearns and McKenzie (1989) for sand and gravel as the basis for the 

correlation in the soil consisting of fine clayey sand. There were two correlations 

Figure 4-7: SPT N/DP n versus DP n 

(Cearns & McKenzie, 1989) 

Figure 4-8: SPT N/DP n versus D50 

(Cearns & McKenzie, 1989) 

Figure 4-9: DP n versus SPT N for 

sand and gravel profiles (Cearns & 

McKenzie, 1989) 

Figure 4-10: DP n versus SPT N for 

chalk profiles (Cearns & McKenzie, 

1989) 
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developed, the first (no graph supplied) comprised of a linear equation n/N = 0.2 for n 

values between 0 – 5, and the Cearns and McKenzie (1989) curve for n values greater 

than 13, with a straight line in between. The second correlation was supplied in 

graphical form and can be viewed in Figure 4-11. It was concluded by Warren (2007) 

that correlations between the DPSH and the SPT have to be material specific, otherwise 

the DPSH data has minimal meaning (Warren, 2007). 

 

 

 

 

MacRobert et al. (2011) investigated the empirical equivalence between the SPT and 

DPSH. Seven data sets from different geological depositional and weathering 

environments across Southern Africa were analysed. The data was correlated in a 

similar method to Cearns and McKenzie (1989), however a DP n/SPT N ratio (i.e. 

𝐾𝐷𝑃𝑆𝐻 as described in Equation 5) was plotted versus the respective DP n value. This 

resulted in a linear relationship, expressed below, with 𝑎 and 𝑏 the slope and intercept: 

 𝐾𝐷𝑃𝑆𝐻 = 𝑎 × 𝐷𝑃𝑆𝐻 𝑛 + 𝑏 (16) 

Therefore, the equivalent SPT N was expressed as: 

Figure 4-11: DPSH n versus SPT N 

(Warren, 2007) 
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𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑆𝑃𝑇 𝑁 =

𝐷𝑃𝑆𝐻 𝑛

𝐾𝐷𝑃𝑆𝐻
 (17) 

By substituting the above expressions, a non-dimensional empirical equivalence 

function was established and is presented below. 

 
𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑆𝑃𝑇 𝑁 =

𝐷𝑃𝑆𝐻 𝑛

𝑎 × 𝐷𝑃𝑆𝐻 𝑛 + 𝑏
 (18) 

Figure 4-12 presents the correlation factors for each site plotted against the DPSH n 

values. It was found that all sites followed a similar trend, therefore values for the slope, 

𝑎, and intercept, 𝑏, from the combined data were determined. This resulted in a fully 

defined non-dimensional empirical equivalence function and is defined below. 

 
𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑆𝑃𝑇 𝑁 =

𝐷𝑃𝑆𝐻 𝑛

0.02 × 𝐷𝑃𝑆𝐻 𝑛 + 0.8
 (19) 

 

 

 

 

 
Figure 4-12: KDPSH versus DPSH n correlation graph 

(MacRobert, et al., 2011) 
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The investigations and results produced by Cearns and McKenzie (1989) and Warren 

(2007) can be reworked to find 𝐾𝐷𝑃𝑆𝐻 values as described in Equation 5. This was 

achieved by multiplying the correlation factors by 3, as this is the ratio between the 

depth increment implemented in their investigations (100mm) versus the standard depth 

increment utilized in South African practice (300mm). Table 4-3 presents the 

comparison of correlation results by Cearns and McKenzie (1989), Warren (2007) and 

MacRobert et al. (2011). The correlation factors obtained by MacRobert et al. (2011) 

fit closely to those produced by Warren (2007). The correlation factors presented by 

Cearns and McKenzie (1989) were similar to those found by MacRobert et al. (2011) 

up to DPSH n values of 45. Above this the correlation factors diverge; however, very 

few data points above a DPSH n value of 30 were presented by Cearns and McKenzie 

(1989), and therefore may have had an effect on the observed divergence in correlation 

factors. 

Table 4-3: Comparison of correlation factors 

DPSH n 

Average 𝑲𝑫𝑷𝑺𝑯 over DPSH n range 

Cearns and 

McKenzie (1989) 
Warren (2007) 

MacRobert et al. 

(2011) 

0 – 15 0.8 0.9 1.0 

15 – 30 1.5 1.1 1.3 

30 – 45 2.0 1.7 1.6 

45 – 60 3.0 2.1 1.9 

60 – 75 4.5 2.3 2.2 

 

4.5 Summary 

Correlations between resistance values of various DP configurations present an 

opportunity to determine geotechnical properties with a greater degree of confidence, 

which is essential to ensure the success of a geotechnical engineering design. Numerous 

proposed methods have been discussed above. 

The theoretical correlation methods discussed were based on certain assumptions and 

relied on data gathered from carefully calibrated tests. The theoretical correlation 
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method proposed by Butcher et al. (1995) utilized resistance values 𝑟𝑑 and 𝑞𝑑 (obtained 

by Equation 6 and Equation 7). These equations required specific masses of the 

hammer, anvil, extension rods and guide rods. It is not ordinary practice to note all these 

masses. The theoretical correlation methods proposed by Tonks and Whyte (1989) and 

Card and Roche (1989) were based on the specific energy formula (Equation 8) and the 

basic pile driving formula (Equation 13), respectively. Both theoretical correlations rely 

on the assumptions that the cross sectional area over which the driving energy was 

dissipated is the entire cone surface area for the different DP configurations and either 

the wall area or entire base area of the split spoon sampler for the SPT. This appeared 

to be a major factor in the correlation results. Furthermore, the theoretical correlation 

methods assumed that the energy losses between the two tests being compared, due to 

factors such as rig vibrations, are equal. This is not always the case. Finally, the 

theoretical correlation methods do not fully account for skin friction for the DP 

configurations. Considering the above factors, no theoretical correlations could be 

applied in the interpretation of results in this study, and rather act as a guideline for 

estimations and comparisons. 

The statistical correlations between SPT N and DP n values proposed by Cearns and 

McKenzie (1989), Warren (2007) and MacRobert et al. (2011) showed a close 

relationship. These close relationships suggest that empirical equivalence functions 

between SPT N and DP n values are validated. However, careful considerations need 

to be taken regarding the soils with different depositional and weathering environments 

assessed in the investigations. Knowledge of the local geology is imperative as certain 

anomalies in the data can exist. 
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 Literature Review: Offshore Geotechnical Engineering 

5.1 Offshore Geotechnical Engineering 

The practice of offshore geotechnical engineering is a subfield of geotechnical 

engineering and originated due to the expansion and growth in the geotechnical 

engineering industry (Randolph, et al., 2005). It is affiliated with foundation design, 

construction, maintenance and the commissioning of man-made structures in the ocean. 

Popular types of offshore structures include oil platforms, wind turbines and submarine 

pipelines. In the design point of view, an important aspect for consideration is the ability 

of the seabed to endure the weight of offshore structures and the applied loads that 

follow during and post construction. Furthermore, any project in offshore geotechnical 

engineering practice has to account for any potential marine geohazards that may 

negatively affect, endanger or cause harm on seafloor facilities, risers, anchoring 

systems and so forth (Dean, 2010). 

“The relentless rise in world energy consumption has led to hydrocarbon exploration, 

and eventually production, in new regions of the world, initially extending onshore 

fields in Texas and the Middle East into shallow offshore waters, followed by major 

regional developments in the North Sea, and offshore Australasia and the Far East, 

South America, India and most recently West Africa. Each new region required 

adapting design approaches for new soil conditions…”  

The above comment from the report by Randolph et al. (2005) titled “Challenges of 

offshore geotechnical engineering” gives mention to the oil and gas industry being a 

massive contributor to the progressive expansion of offshore geotechnical engineering 

practice. The oceans cover roughly 70% of the Earth’s surface, and naturally civil 

engineering projects will encounter aspects of offshore design with time, as the demand 

and exploration for energy resources increases. There are constantly technological 

improvements to a variety of equipment used within the offshore geotechnical 

engineering industry. Regularly new methods are being tested during site investigations 

and surveys. An abundance of geotechnical data, ranging from seabed residue to 
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geohazards, is providing the opportunity to analyse and interpret the data to make the 

correct engineering decisions (Dean, 2010). 

5.2 Offshore Surveys and Site Investigations 

The purpose of an offshore geotechnical survey or site investigation is to obtain data 

that will deliver the necessary information regarding the conditions, hazards and 

parameters required for a successful engineering design. Other factors that also play a 

role in ensuring the success of an engineering design include a functional budget, 

precise planning and attention to quality and safety to develop an acceptable risk profile 

(ISSMGE, 2005). 

Offshore geotechnical engineering projects are subjected to a vast array of uncertainties 

in conjunction with site conditions and other exterior influences. It is for this reason 

which necessitates geotechnical surveys and site investigations, with the aim of 

identifying all potential project risks in order to plan effective methods to either avoid, 

mitigate, transfer or retain these identified risks (Randolph, et al., 2005). 

“Unfortunately, soils are made by nature and not by man, and the products of nature 

are always complex…” – Karl Terzaghi 

The research report prepared by WS Atkins Consultant Ltd for the Health and Safety 

Executive (HSE) (2004) titled “Risk implications in site characterisation and analysis 

for offshore engineering and design” echoes the above statement by Karl Terzaghi. The 

report describes that in ground engineering there will always be uncertainties 

surrounding site investigations due to the imperfect knowledge of the ground and its 

behaviour. The issues and uncertainties faced within the offshore geotechnical industry 

is summarised in Table 5-1. 
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Table 5-1: Site characterisation uncertainties for offshore geotechnical engineering 

and design (WS Atkins Consultants Ltd, 2004) 

Uncertainty Description 

Spatial Uncertainties Trusting the minor proportion of soil sampled and tested 

versus the actual area and volume of the site; and potential 

misinterpretations of geological models.  

Soil Parameters There are unavoidable variabilities of soils and soil 

parameters making it particularly challenging to accurately 

measure them. 

Geohazards Considerations need to be made about the presence of 

geohazards such as instability, erosion, methane hydrate and 

submarine slides. 

Elements of Bias Professional bias when considering which investigation 

methods are used. Further bias may be present from sample 

extraction and testing. 

Numerical Models Doubt in both the accuracy and applicability of numerical 

models and simplifications required. 

Error Potential errors present in execution of site investigations, 

and the interpretation, design, construction and operation 

that follows. 

Construction and 

Operation 

Uncertainties with respect to structural dimensions and 

loadings. 

 

Randolph et al. (2005) describes the importance of planning offshore site investigations 

due to the high costs involved in mobilising the suitable vessels required for carrying 

out the site investigation work in order to obtain the necessary data to ensure the success 

of a specific offshore engineering design. The consequences of high costs is that site 

investigations are on hold until project approval, which has an effect on the conceptual 

design phase of a project and the information availability, such as soil conditions, for 

the preliminary surveys and investigations. The size of the project also determines the 

amount of detail that will be obtained for design purposes, for example with smaller 

projects only a single site investigation voyage will be commenced, which necessitates 

in-depth preparation to make sure all relevant information is obtained. Offshore site 

investigations comprises of a marriage of different field tests and soil sampling methods 

followed by laboratory testing. The two most popular offshore field testing methods is 

the cone penetration test (CPT) or the piezo cone penetration test (CPTu) and the vane 

shear test (Randolph, et al., 2005). 
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An offshore survey ranges according to the intrusiveness of the investigation and is 

performed to determine the necessary soil parameters and potential hazards, which is 

required to ensure the success of an engineering design. Dean (2010) summarised 

surveys relating to geotechnical work as follows: 

Table 5-2: Offshore geotechnical surveys (Dean, 2010) 

Surveying Method Description 

Preliminary Study 

(Desk Study) 

A survey executed during the initial phases of an 

investigation. Entails gathering existing engineering data 

from prior geological survey reports in surrounding areas 

published by various geotechnical practitioners. This 

information is used for preliminary assessment of site 

conditions to begin formulating conceptual design solutions 

for a project. Typical information acquired includes 

bathymetry, regional geology, possible geohazards, seabed 

obstacles and met-ocean data*. A desk study typically lasts a 

few weeks or several months, depending on the spatial extent 

and complexity of the proposed engineering project. 

Geophysical Survey A field study that is non-intrusive which focuses on detecting 

geohazards and to assist in planning subsequent geotechnical 

investigations. A geophysical survey helps to establish a 

better understanding of the nature and characteristics of the 

seabed, including potential obstructions and the main 

stratification boundaries spanning over a large seabed area. 

Non-intrusive devices such as echosounders for bathymetry 

to assess water depths and seafloor gradients and sound 

sources for sub-seabed surveying are typically used.  

Shallow-Penetration 

Geotechnical 

Investigation 

On-site surveys that include in-situ testing and soil sampling 

to a few metres below the seabed, and follows with resulting 

laboratory testing. Provides information of the physical and 

mechanical properties of the seabed. These investigations are 

used for the planning of pipeline routes and installation of 

smaller structures.  

Deep-Penetration 

Geotechnical 

Investigation 

On-site surveys that perform in-situ testing, such as 

penetration tests and vane shear testing, and soil sampling up 

to 120m or more below the seabed, and follows with 

extensive laboratory testing. Yields necessary design 

parameters required for an offshore project. Typically done 

on sites with fixed or mobile offshore platforms.  

*Met-ocean data is meteorological and oceanographic data that assists in 

understanding wind, wave and current regimes 
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The general aim of offshore geotechnical surveys and site investigations, regardless of 

the spatial extent, complexity and timeline of a specific project is to establish a better 

understanding of the site-specific physical characteristics such as the seafloor 

topography, nature of the soil, soil strength and consolidation characteristics; along 

with data collection on influence specific factors such as cyclic loading, rate of loading 

and soil sensitivity (Randolph, et al., 2005). 

5.3 Offshore In-situ Testing Methods 

The most popular offshore site investigation techniques to determine the necessary soil 

parameters for an engineering design is drilling, coring systems, soil sampling methods 

and in-situ testing methods (ISSMGE, 2005). 

The main objective of in-situ testing in offshore geotechnical engineering practice is to 

determine the strength characteristics of the soils as they exist in the seabed. The 

greatest benefit of in-situ testing methods is that it allows to inspect the important 

physical characteristics of the soil while eluding the effects of disturbances to the soil, 

which is not necessarily the case with other site investigation techniques such as soil 

sampling. Another advantage for in-situ testing methods is that the results are readily 

available with majority of the tests, which allows for decisions to be made on site 

without requiring laboratory testing and waiting for results. A disadvantage is that most 

test methods do not directly record engineering design parameters, and instead require 

empirical correlations to determine them. Typical offshore in-situ testing systems are 

designed to execute a specific testing method from a rig placed on the seafloor or work 

in conjunction with drilling, coring or sampling systems (ISSMGE, 2005). 

5.3.1 Cone Penetration Test 

The cone penetration test (CPT) has become the most popular in-situ testing method 

for site investigations in the offshore geotechnical engineering industry (ISSMGE, 

2005). The historical development of the CPT is provided in Chapter 2. For offshore 

site investigations the CPT is primarily used to obtain information on the soil type and 
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stratification, in addition to determining the undrained shear strength in clay soils and 

the relative density and friction angles in sands. 

CPT test results are used for a wide range of offshore projects, including: 

- Route planning and trenching and stability studies for oil and gas pipelines. 

- Design of seabed structures, such as wind turbine foundations, and anchoring 

systems. 

- Design of nearshore structures. 

- Pre-dredging investigations. 

The CPT provides an empirical assessment of the soils on the seafloor through 

interpretation of resistance values obtained by pushing a cone-tipped probe, or 

penetrometer, at a rate that is kept as steady as possible, typically 2 ± 0.5cm per second. 

The cone has a 60° tip angle and the cross-sectional area ranges between 500 – 

2000mm2, with 1000mm2 and 1500mm2 cones being the most popular (ISSMGE, 

2005). 

Within the cone assembly there are electrical strain gauges that record the resistance on 

the cone tip, which is defined as the average pressure (𝑞𝑐) and sleeve friction (𝑓𝑠) behind 

the tip. The piezo cone penetration test (CPTu) there is an additional measurement of 

pore water pressure recorded with the aid of a porous element in the cone face or at the 

shoulder between the cone tip and friction sleeve. During testing the recorded data is 

transmitted in real-time to the surface support vessel which can be used for analysis 

(ISSMGE, 2005). 

One of the major applications of the CPT is for determining soil types and establishing 

a general soil profile. This is achieved by using a popular soil behaviour type (SBT) 

chart that was suggested by Robertson et al. (1986). The chart classifies soils according 

to the relationship between cone resistance (𝑞𝑐) and friction ratio (𝑅𝑓), which is the 

sleeve friction (𝑓𝑠) divided by the cone resistance (𝑞𝑐). With clays it is recommended 
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to solve the friction ratio (𝑅𝑓) by dividing the sleeve friction (𝑓𝑠) with the net cone 

resistance (𝑞𝑛), which is the cone resistance (𝑞𝑐) minus the total vertical stress (𝜎𝑣0). 

Figure 5-1, below, shows the CPT soil behaviour type (SBT) chart. Since the inception 

of the chart by Robertson et al. (1986), there have been various updated, dimensionless 

versions as well as normalized charts to account for effective overburden stress 

(Robertson & Cabal, 2012). Furthermore, there are other established empirical 

relationships based off of the data recorded during a CPT that are used to estimate the 

shear strength of clays and the relative density and internal angle of friction of sands.  

 

 

 

 

 

 

 

 

 Figure 5-1: CPT soil behaviour type (SBT) chart 

(Robertson, et al., 1986) 
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The pore pressure measurements recorded during a CPTu provides beneficial 

information regarding the soil’s stratification, permeability and stress history (i.e. 

whether it is under-, normally- or over-consolidated) (Robertson & Cabal, 2012). 

Typically an offshore CPT is executed with the use of a wheel-drive penetration test 

unit. The unit comprises of a seabed reaction frame, which contains a wheel-drive 

mechanism, and electronic control and data acquisition systems. The wheel-drive unit 

consists of wheels clamped forcefully against the push rod of the CPT penetrometer. 

The wheel-drive motor is either electric or hydraulic powered, that is usually controlled 

from a support vessel with cables maintaining the control supply. The motor rotates the 

wheels, which pushes the penetrometer into the seabed at a constant rate, as previously 

mentioned of 2 ± 0.5cm per second. The outputs of the strain gauges on the cone are 

typically supplied back to the support vessels on systems connected via cables to the 

driving rig (ISSMGE, 2005). Figure 5-2, below, displays a schematic of a typical wheel-

drive penetration test unit.  

 

 

 

 

 

 
Figure 5-2: Schematic of wheel-drive 

penetration test unit (ISSMGE, 2005) 
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5.4 Summary 

The literature review on offshore geotechnical engineering indicated that the field 

originated due to the expansion of onshore geotechnical engineering, particularly due 

to an increase in demand for energy resources (for example hydrocarbon exploration 

and offshore wind turbines). Offshore engineering projects are constantly subjected to 

a number of uncertainties relating to site conditions and other exterior influences 

particularly during the design stages of a project. This necessitates geotechnical surveys 

and site investigations in order to establish a better understanding of the site-specific 

physical characteristics. Offshore site investigations comprise of a combination of 

preliminary studies, non-intrusive geophysical surveys, shallow- and deep-penetration 

geotechnical investigations (which include various field testing and sampling methods), 

followed by extensive laboratory research and testing. Popular offshore site 

investigation techniques include drilling, coring systems, soil sampling methods and 

in-situ testing methods. One of the most popular offshore in-situ testing methods is the 

Cone Penetration Test (CPT). The CPT is utilized to identify the soil type and 

stratification, and to determine the undrained shear strength in clays and the relative 

density and friction angles in sands.    
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 Methodology 

6.1 Introduction 

In this chapter the methodologies for Part 2: Calibration of an Offshore DPSH Rig and 

Part 3: Interpretation of DPSH Refusal are discussed. 

6.2 Calibration of an Offshore DPSH Rig 

Stellenbosch University was approached by a marine construction and commercial 

diving service provider to assist with the calibration of a novel offshore DPSH rig. This 

calibration was done in order to determine whether the rig produced reliable results 

compared to the standard DPSH. 

6.2.1 Test Rigs and Equipment 

The offshore DPSH rig consisted of a steel A frame holding up a steel chamber which 

housed a continuous chain driven hammer (drive was controlled by a hydraulic motor). 

The offshore DPSH rig was delivered by a hook-lift truck, which was used to place the 

device in the desired location via a hydraulic hoist. Figure 6-1, shows an image of the 

offshore DPSH rig after it had been lowered by the hydraulic hoist from the hook-lift 

truck. The steel chamber within the A frame is clearly visible which covers the DPSH 

drive mechanism. Figure 6-2, shows the offshore DPSH rig while it is attached to the 

hydraulic motor which controls the continuous chain driven hammer within the steel 

chamber. This hydraulic motor is also used to lift and lower the steel chamber as a 

whole, in order to attach the drive rods beneath. 
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The anvil rested on the extension rods which were attached to a non-disposable cone 

that had a diameter of 50.5mm and an apex angle of 60° (see Figure 6-3, below). The 

IRTP states that a 90° cone should be used, although in South African practice a 60° 

cone is accepted, therefore justifying its use. The hydraulic motor was able to control 

the rate of percussion, and percussed the cone at an average rate of 40 blows per minute. 

The blows were recorded in increments of 300mm of penetration by using a measuring 

tape that was attached to the steel chamber as illustrated in Figure 6-4. 

 

 

 

 

Figure 6-1: Offshore DPSH 

test rig lowered by hook-lift 

truck 

Figure 6-2: Offshore DPSH 

test rig controlled by hydraulic 

motor 

Figure 6-3: Non-disposable cone 

Figure 6-4: Blow count 

increment measuring tool 
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The drop height and hammer weight, within the steel chamber, of the offshore DPSH 

rig was 750mm and 63.5kg, respectively, which complied with the recommendations 

provided in the IRTP and was consistent with South African practice. The extension 

rods had a diameter of 32.0mm, which also complied with the technical data 

recommendations in the IRTP. Figure 6-5 and Figure 6-6, below, shows the chain 

mechanism within the steel chamber and the hammer design, respectively. 

 

 

 

 

 

A local site investigation contractor’s DPSH device was used to carry out standard 

testing adjacent to the offshore DPSH test position. The DPSH device consisted of a 

trailer mounted test rig. A small petrol engine on the trailer powered hydraulic motors 

which controlled the test rig. The hydraulic motors were able to lift a steel frame 90°, 

from a horizontal resting position to a vertical position. Attached to the frame was a 

suspended steel cage which enclosed the continuous chain driven hammer with a 

mechanically controlled drop height. Figure 6-7, below, shows the standard DPSH 

device with the suspended drive mechanism within the steel cage. The extension rods 

with a non-disposable cone were attached to the anvil and percussed into the ground at 

a rate of 15 blows per minute, with the blow count recorded over increments of 300mm 

penetration by means of a tape measure and chalk markings as shown in Figure 6-8. 

Figure 6-5: Chain mechanism 

within the steel chamber 
Figure 6-6: Hammer design 

resting on the base of the steel 

chamber (i.e. the anvil) 
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The drop height and hammer mass of the standard DPSH rig was 750mm and 63.5kg, 

respectively, which complied with the recommendations provided in the IRTP and was 

consistent with South African practice. The extension rods had a diameter of 32.0mm, 

which also complied with the technical data recommendations in the IRTP. 

6.2.2 Test Procedures 

It was important to identify a testing site which was easily accessible and where the 

local geology was known. The testing site used was the site investigation contractor’s 

equipment yard for the Western Cape branch, which was situated in Morning Star on 

the outskirts of Cape Town, along the N7. The 2020 COVID-19 pandemic impacted 

testing and consequently only the following testing could be done: 

- Tuesday, 15/09/2020 – Standard DPSH tests ‘GG_D1’ and ‘GG_D2’ were 

executed, and probed to depths below existing ground level of 2.7m and 9.6m, 

respectively. Offshore DPSH test ‘SO_D1’ was executed and probed to a depth 

of 2.4m below ground level. 

- Monday, 21/09/2020 – Offshore DPSH test ‘SO_D2’ was executed and probed 

to a depth of 3.3m below ground level. 

Figure 6-7: Standard DPSH 

test rig 

Figure 6-8: Blow count 

increment markings 
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- Friday, 16/10/2020 – Offshore DPSH test ‘SO_D3’ was executed and probed to 

a depth of 9.0m below ground level. 

The raw data obtained is given in Appendix A.1, Table A-1 and Table A-2. 

6.2.3 Interpretation of Calibration Tests 

The DPSH n values of the offshore DPSH rig and the standard DPSH rig were 

compared in order to determine whether the offshore DPSH rig produced reliable 

results. The DPSH n profiles (i.e. DPSH n values versus depth) were plotted for each 

respective DPSH rig. The two devices were tested within a 5 m radius, in order to safely 

assume homogeneity of soil properties. The general trends of DPSH n profiles for both 

test rigs were assessed and compared, in order to establish whether there was a 

correlation between the respective penetration values. 

The correlation between individual pairs of tests was established to assess relative 

energy dissipation. This was done due to observations made on site concerning 

vibrations of the steel chamber during testing of the offshore DPSH rig. An energy 

dissipation ratio, 𝐸𝐷𝑅, was established between the two test rigs for each increment of 

300mm penetration, by using Equation 20 below. 

 
𝐸𝐷𝑅 =

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑃𝑆𝐻 𝑛 𝑣𝑎𝑙𝑢𝑒

𝑂𝑓𝑓𝑠ℎ𝑜𝑟𝑒 𝐷𝑃𝑆𝐻 𝑛 𝑣𝑎𝑙𝑢𝑒
 (20) 

The average energy dissipation ratio, 𝐸𝐷𝑅̅̅ ̅̅ ̅̅ , was determined with the aim of establishing 

the mean percentage of energy loss per 300mm penetration for the offshore DPSH rig. 

6.3 Interpretation of DPSH Refusal 

To assess refusal conditions for the DPSH and SPT it was necessary to collect data from 

various geotechnical practitioners in South Africa. Data collected required that the 
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DPSH and SPT to have been executed in close enough vicinity to assume similar soil 

properties between tests. Data from 21 sites were obtained. In addition to DPSH and 

SPT results, each site also had soil profile descriptions from either test pits or boreholes. 

Table 6-1 summarises the information that was available for each site. 

Table 6-1: Information available for each site 

Test Site Obtained Information 

Newtown, 

Johannesburg 

- 5 DPSH tests and 5 SPTs (Appendix A.2, Table 

A-3 and Table A-4) 

- Soil profile descriptions from 5 boreholes 

(Appendix B.1, Table B-1) 

Boksburg East 

Industrial, Boksburg 

- 8 DPSH tests and 3 SPTs (Appendix A.3, Table 

A-5 and Table A-6) 

- Soil profile descriptions from 3 boreholes 

(Appendix B.2, Table B-2)  

Welkom, Free State - 18 DPSH tests and 6 SPTs (Appendix A.4, Table 

A-7, Table A-8 and Table A-9) 

- Soil profile descriptions from 6 boreholes 

(Appendix B.3, Table B-3) 

Hennenman, 

Ventersburg, Free State 

- 4 DPSH tests and 9 SPTs (Appendix A.5, Table 

A-10 and Table A-11) 

- Soil profile descriptions from 9 boreholes 

(Appendix B.4, Table B-4) 

Soweto, Johannesburg - 13 DPSH tests and 3 SPTs (Appendix A.6, Table 

A-12, Table A-13 and Table A-14) 

- Soil profile descriptions from 3 boreholes 

(Appendix B.5, Table B-5) 

Braamfontein, 

Johannesburg 

- 4 DPSH tests and 2 SPTs (Appendix A.7, Table 

A-15 and Table A-16) 

- Soil profile descriptions from 2 boreholes 

(Appendix B.6, Table B-6) 

Anderson Street, 

Johannesburg 

- 3 DPSH tests and 1 SPT (Appendix A.8, Table A-

17 and Table A-18) 

- Soil profile description from 1 borehole 

(Appendix B.7, Table B-7) 

Parktown, 

Johannesburg 

- 18 DPSH tests and 8 SPTs (Appendix A.9, Table 

A-19, Table A-20 and Table A-21) 

- Soil profile descriptions from 8 boreholes 

(Appendix B.8, Table B-8) 

Chloorkop, 

Johannesburg 

- 2 DPSH tests and 3 SPTs (Appendix A.10, Table 

A-22 and Table A-23) 

- Soil profile descriptions from 3 boreholes 

(Appendix B.9, Table B-9) 
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Test Site Obtained Information 

Matola, Maputo, 

Mozambique 

- 17 DPSH tests and 17 SPTs (Appendix A.11, 

Table A-24, Table A-25, Table A-26 and Table 

A-27) 

- Soil profile descriptions from 17 boreholes 

(Appendix B.10, Table B-10) 

Matutuine, Maputo 

Province, Mozambique 

- 19 DPSH tests and 5 SPTs (Appendix A.12, Table 

A-28, Table A-29 and Table A-30) 

- Soil profile descriptions from 13 test pits and 5 

boreholes (Appendix B.11, Table B-11) 

Umdloti, KwaZulu-

Natal 

- 10 DPSH tests and 3 SPTs (Appendix A.13, Table 

A-31 and Table A-32) 

- Soil profile descriptions from 3 boreholes 

(Appendix B.12, Table B-12) 

Chicala, Ilha de 

Luanda, Angola 

- 8 DPSH tests and 3 SPTs (Appendix A.14, Table 

A-33 and Table A-34) 

- Soil profile descriptions from 3 boreholes 

(Appendix B.13, Table B-13) 

Parow, Cape Town - 3 DPSH tests and 4 SPTs (Appendix A.15, Table 

A-35, Table A-36 and Table A-37) 

- Soil profile descriptions from 4 boreholes 

(Appendix B.14, Table B-14) 

Milnerton Refinery, 

Cape Town 

- 2 DPSH tests and 2 SPTs (Appendix A.16, Table 

A-38, Table A-39 and Table A-40) 

- Soil profile descriptions from 2 boreholes 

(Appendix B.15, Table B-15) 

Mt Edgecombe 

Interchange, Umhlanga 

- 18 DPSH tests and 15 SPTs (Appendix A.17, 

Table A-41, Table A-42, Table A-43 and Table 

A-44) 

- Soil profile descriptions from 15 boreholes 

(Appendix B.16, Table B-16) 

West Coast, Lutzville, 

Western Cape 

- 8 DPSH tests and 2 SPTs (Appendix A.18, Table 

A-45 and Table A-46) 

Gope, Central Kalahari 

Game Reserve, 

Botswana 

- 14 DPSH tests and 10 SPTs (Appendix A.19, 

Table A-47, Table A-48, Table A-49, Table A-50 

and Table A-51) 

Dunkeld, Johannesburg - 3 DPSH tests and 1 SPT (Appendix A.20, Table 

A-52 and Table A-53) 

- Soil profile description from 1 borehole 

(Appendix B.17, Table B-17) 

Glenhazel, 

Johannesburg 

- 3 DPSH tests and 1 SPT (Appendix A.21, Table 

A-54 and Table A-55) 

- Soil profile description from 1 borehole 

(Appendix B.18, Table B-18) 

Bellville, Cape Town - 2 DPSH tests and 1 SPT (Appendix A.22, Table 

A-56, Table A-57 and Table A-58) 

- Soil profile description from 1 borehole 

(Appendix B.19, Table B-19) 
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For each site, the following workflow was followed: 

1. A soil profile was determined from test pits and borehole logs. Sites were divided 

into two groups, cohesive or non-cohesive strata. The classification was based 

on whether the majority of layers identified and described on a respective site 

consisted of fine grained soils (i.e. silts and clays) or coarse-grained soils (i.e. 

sands and gravels). 

2. Each SPT profile was reviewed to determine refusal depths. This was done by 

identifying the depths at which the SPT blow counts were greater than or equal 

to 50 blows. If a blow count value that met the above requirements was 

identified, but the SPT profile continued, then the depth at which the blow count 

was recorded would be compared to the general soil profile established in the 

first step to assess whether the high blow count was as a result of probing through 

more competent material. If this was the case, then the following blow count that 

was greater than or equal to 50 blows was considered as the final refusal depth 

for that borehole. 

3. Individual SPT refusal depths for a specific site were averaged to determine the 

average site refusal depth, 𝜇. In addition, the standard deviation, 𝜎, and 

coefficient of variation, 𝐶𝑉, were determined. Average coefficient of variations 

were then calculated for cohesive and non-cohesive sites. These average 

coefficient of variation, 𝐶𝑉̅̅ ̅̅ , were used to calculate the refusal depth standard 

deviation, 𝜎, for sites with only one SPT using: 

 𝐶𝑉 =
𝜎

𝜇
 (21) 

4. DPSH refusal conditions were analysed. This analysis sought to find sudden 

‘spikes’ in DPSH n values. To do this each DPSH n value was plotted on the x-

axis and the next DPSH n value (termed DPSH n+1) plotted on the y-axis. The 

resulting scatter plot showed the progression of blow counts from one depth 

increment to the next, and highlighted the sudden ‘spikes’ from a lower blow 

count to a considerably greater blow count. By comparing refusal depths 

predicted by SPT profiles and locations of these ‘spikes’; a cut-off line, 𝑓(𝑥), 

was included in each scatter plot based on the function given in Table 6-2: 
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Table 6-2: Cut-off line function 

Domain Function 

0 ≤ 𝑥 ≤ 40 𝑓(𝑥) = 50 

𝑥 > 40 𝑓(𝑥) = 1.25𝑥 

Where 𝑥 is the DPSH n value and 𝑓(𝑥) is the cut-off 

line 

 

Data points that were above the cut-off line (i.e. within the ‘cut-off line 

quadrant’) were DPSH n values that suddenly increased by a factor of 1.25 

(termed ‘ratio of refusal’) and were greater than or equal to 50. These ‘spikes’ 

were potentially at refusal. The ‘ratio of refusal’ was based on an iterative 

process and a visual inspection of classified points, in an attempt to isolate the 

‘spikes’ in DPSH n values that may suggest refusal. 

5. To assess this proposed refusal criteria, the depth at which these ‘spikes’ 

occurred (Z) were compared to the average SPT refusal depth. Data points were 

then grouped according to a set of conditions given in Table 6-3. 

Table 6-3: DPSH data points grouping conditions 

Group Condition 

A Y ≥ 50, Y/X ≥ 1.25, and Z ≥ 𝜇 − 𝜎 

B Y ≥ 50, Y/X ≥ 1.25, and 𝜇 − 𝜎 > Z ≥ 𝜇 − 2𝜎 

C Y ≥ 50, Y/X ≥ 1.25, and Z < 𝜇 − 2𝜎 

C* Y ≥ 50, Y/X ≥ 1.25, Z < 𝜇 − 2𝜎, and Y ≥ Yn+1 

D Y < 50 or Y/X < 1.25 

 

- Group A data points represented ‘spikes’ in DPSH n at a depth that was greater 

than or equal to one standard deviation above the mean SPT refusal depth (i.e. 

excellent evidence for the proposed DPSH refusal criteria). 

- Group B data points represented ‘spikes’ in DPSH n values at a depth that was 

greater than or equal to two standard deviations of the SPT mean refusal depth 

(i.e. good evidence for the proposed DPSH refusal criteria). 

- Group C data points represented ‘spikes’ in DPSH n values at depths shallower 

than two standard deviations from the average SPT refusal depth (i.e. poor 

evidence for the proposed DPSH refusal criteria). 

- Group C* data points represented ‘spikes’ in DPSH n at depths shallower than 

two standard deviations from the average SPT refusal depth but were followed 

by a decrease in DPSH n values suggesting DPSH probing went through a hard 
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zone. Soil profiles were referenced to determine if there was evidence for such 

hard zones. 

- Group D data points did not meet the proposed DPSH refusal criteria. 

 

The refusal criteria discussed above provided a method to assess the depth at 

which ‘spikes’ occurred in a DPSH profile in comparison to the average SPT 

refusal depth for a specific site. Figure 6-7 illustrates the typical ranges over 

which a particular ‘spike’ would be categorised. 

 

 

 

 

 

 

 

 

 

 

 

 

6. A review of each profile was also undertaken to explore the reasons for ‘spikes’ 

in blow counts and a discussion presented. 

7. The number of data points per category were summed and compared to the entire 

sample size of site data (termed ‘global’ comparison) to establish the global 

proportions of data points per category. Furthermore, the number of data points 

per category within the ‘refusal quadrant’ (i.e. above the cut-off line) were 

summed and compared to the total number of data points within the refusal 

quadrant. This was used to determine the validity of the proposed refusal criteria 

on a site-by-site basis. 

8. Finally, a combined scatter plot for the cohesive sites and non-cohesive sites was 

produced. This was used to determine the validity of the proposed refusal criteria 

on a material type basis. 
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Figure 6-9: Illustration of typical depth ranges for 

DPSH refusal groupings 
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PART 2: CALIBRATION OF AN OFFSHORE DPSH RIG 

 Calibration of an Offshore DPSH Rig 

7.1 Introduction 

As part of this study in interpreting DPSH penetration values, an opportunity to 

investigate an offshore DPSH rig arose. The offshore DPSH rig was developed by a 

third party, a well-established marine construction and commercial diving service 

provider, for the intention of being able to execute the same DPSH testing procedure 

whether the test site was on dry land or underwater (see Figure 7-1, below). 

 

 

 

 

 

 

The development of the offshore DPSH rig arose because the company noticed an 

opportunity to rapidly increase the time to assess the penetration resistance of soil in a 

relatively cost-effective manner, compared to current offshore in-situ testing practices. 

Figure 7-1: The offshore DPSH rig 
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7.2 Calibration of an Offshore DPSH Rig 

Design and development of the offshore DPSH rig was performed by a third-party 

contractor, who then approached Stellenbosch University to assist with calibration. The 

fundamental design concept of the offshore DPSH rig was to enclose the chain driven 

hammer mechanism within a steel chamber. The purpose of the steel chamber was to 

seal the mechanism from water ingress. And therefore, still be able to deliver the desired 

energy per blow, regardless of probing onshore or offshore. The configuration of the 

offshore DPSH rig is discussed in Chapter 6.2.1.  
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 Interpretation of DPSH Penetration Values 

8.1 Test Site and Soil Conditions 

The test site selected to perform DPSH tests was the site investigation contractor’s 

equipment yard for the Western Cape branch, which was situated on Zonnekus Road, 

Morning Star on the outskirts of Cape Town, along the N7. The area is known to be 

underlain at depth by deeply weathered low-grade metamorphic sedimentary and 

subordinate volcanic materials of the Tygerberg Formation, Malmesbury Group such 

as greywacke and phyllite with beds and lenses of quartz schist, limestone and grit. This 

is succeeded by a cover of residual soil and transported soil (sand, gravel, alluvium, 

colluvium, calcrete and silcrete) from the Cenozoic era in the Quaternary period with 

extreme variability. These soils are known to be well suited for cultivation. Along the 

west coast the geologic outline is extensively covered by sand and the landscape is 

relatively flat, and to the east gentle rolling hills develop which are covered by a deeply 

weathered soil profile (Belcher, 2003). There were no exploratory boreholes made on 

site and no sample recovery was executed, as the DPSH testing was performed in close 

enough vicinity, and therefore it was deemed safe to assume homogeneity of 

geotechnical parameters. 

8.2 DPSH Results and Analysis 

Figure 8-1 and Figure 8-2 give the DPSH n profiles obtained from the offshore DPSH 

and the standard DPSH on the Zonnekus Road, Morning Star site. All the tests were 

executed within 5m of each other. Raw data is given in Appendix A.1, Table A-1 and 

Table A-2. 
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The DPSH n profiles for both test rigs followed a similar trend in blow counts up until 

refusal at roughly 9.0m below ground level. Both profiles suggested the soil conditions 

experienced an increase in material competency from 3.0m below ground level and 

onwards. However, there was a larger degree of scatter in the offshore rig DPSH n 

values when compared to the penetration values obtained from the standard DPSH rig. 

It was also observed that the blow counts recorded in the offshore DPSH tests were 

higher than the standard DPSH tests for most depths. 

Due to the close proximity of all the DPSH tests performed on the Zonnekus Road, 

Morning Star site, and the similar trend observed in the DPSH n profiles for each 

respective testing rig, it was safe to assume that there was a relative correlation between 

the two DPSH testing devices. However, the increased scatter in blow counts at greater 

depths below ground level observed in the offshore rig DPSH n values, as well as the 

general trend in greater blow counts recorded throughout the testing, when compared 

to the standard rig DPSH penetration values revealed that the offshore DPSH rig 

experienced greater energy dissipation per blow. 
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A correlational study was performed with the obtained DPSH n values of the offshore 

DPSH rig and the standard DPSH rig. Testing data from the offshore DPSH test 

‘SO_D3’ and from the standard DPSH test ‘GG_D2’ are presented in Table 8-1, along 

with the correlation factor termed energy dissipation ratio, 𝐸𝐷𝑅, for each increment of 

300mm penetration (calculated by using Equation 20, shown in Chapter 6.2.3). 

Table 8-1: Correlation between offshore DPSH rig and standard DPSH rig 

Depth (m) 
DPSH n Value 

EDR 
SO_D3 GG_D2 

0.3 27 6 0.22 

0.6 50 9 0.18 

0.9 19 10 0.53 

1.2 19 11 0.58 

1.5 21 11 0.52 

1.8 20 13 0.65 

2.1 20 13 0.65 

2.4 29 11 0.38 

2.7 34 15 0.44 

3.0 25 16 0.64 

3.3 19 18 0.95 

3.6 22 23 1.05 

3.9 26 23 0.88 

4.2 27 25 0.93 

4.5 30 21 0.70 

4.8 35 17 0.49 

5.1 54 18 0.33 

5.4 61 19 0.31 

5.7 27 22 0.81 

6.0 47 21 0.45 

6.3 39 21 0.54 

6.6 45 22 0.49 

6.9 36 21 0.58 

7.2 24 22 0.92 

7.5 30 25 0.83 

7.8 22 20 0.91 

8.1 34 19 0.56 

8.4 44 18 0.41 

8.7 62 23 0.37 

9.0 76 20 0.26 

9.3  42 N/A 

9.6  53 N/A 
Average Energy Dissipation Ratio 

(𝐸𝐷𝑅̅̅ ̅̅ ̅̅ ) 
0.59 

Standard Deviation (𝜎) 0.24 
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The average energy dissipation ratio, 𝐸𝐷𝑅̅̅ ̅̅ ̅̅ , was determined as 0.59 with a standard 

deviation, 𝜎, of 0.24. The correlational study results suggested that the offshore DPSH 

rig delivered nearly 60% of the energy delivered from the hammer blows for each 

increment of 300mm penetration, when compared to a standard DPSH rig. These 

findings had been derived on a site consisting of primarily non-cohesive strata (i.e. 

coarse-grained soils, such as sand and gravel). Therefore, the results obtained during a 

field test with the offshore DPSH rig will yield the incorrect geotechnical parameters, 

unless the rig and DPSH n values are properly calibrated for the energy loss experienced 

per blow. 

All observations and assumptions with regards to energy dissipation were based on 

sights and sounds, and were supported by the obtained data and interpretation thereof. 

Throughout the testing period, it was observed that the entire frame of the offshore 

DPSH rig, particularly the steel chamber, experienced extreme vibrations each time the 

hammer struck the anvil. As previously mentioned, the offshore DPSH rig had an 

average rate of percussion of 40 blows per minute, which was considerably faster than 

the standard DPSH rig, which percussed at 15 blows per minute. Therefore, it was safe 

to assume that the chain driven hammer mechanism within the steel chamber was lifting 

the hammer at very fast speeds. Two sounds of impact were heard closely after one 

another between each hammer blow. It was assumed that a collision at the top of the 

chamber occurred each time before the hammer was dropped due to the chain 

mechanism lifting the hammer at such fast speeds. This resulted in continuous 

vibrations being observed, even between every hammer blow. Furthermore, the design 

of the offshore DPSH rig, specifically the steel chamber configuration with the anvil at 

the base, may have contributed to considerable energy dissipation throughout the rig 

each time the hammer struck the anvil. It is proposed that the above-mentioned factors 

lead to the greater energy dissipation in the offshore DPSH rig (Schnaid, 2009; 

MacRobert, 2017). 

Stellenbosch University https://scholar.sun.ac.za



 

 

 

 

 

 

 

Part 3: Interpretation of DPSH Refusal

Stellenbosch University https://scholar.sun.ac.za



93 

 

PART 3: INTERPRETATION OF DPSH REFUSAL 

 Test Sites and Soil Conditions 

This chapter describes the conditions for each site. Data available for each site was 

given in Table 6-1. 

9.1 Newtown, Johannesburg 

In 2013, a site investigation was performed for a proposed industrial complex in 

Newtown, Johannesburg. The site is located in the centre of Johannesburg within the 

Witwatersrand. The local geology of Johannesburg is extremely diverse, ranging from 

thick outcrops of quartzite to andesitic Ventersdorp lavas. The generalized geology of 

the city is described as having a basement geologic outline of crystalline rocks, such as 

granitic rocks, meta-sedimentary and meta-volcanic lava deposits, that is described as 

arriving from the Archaean eon (Abiye, et al., 2011). The report by J. H. de Beer (1965) 

titled “A detailed geological and soil map of the Johannesburg city area” suggested that 

the city area can be split into four physiographic sections, categorized according to the 

lithological and structural characteristics of each area. Figure 9-1 illustrates the four 

physiographic units of the city and are described from north to south as follows: 

1. Granite country with gently rolling terrain. 

2. Comprises of the protrusive escarpment (to the north) and intermittent sharp 

ridges (to the south) produced by differential weathering of the alternating bands 

of hard quartzites and ferruginous slates, and soft shales of the Hospital Hill 

Series. 

3. The deeply eroded Bezuidenhout Valley which is underlain by the Ventersdorp 

lavas. 

4. The southern area of central Johannesburg comprising of flatter terrain 

underlain by the Government Reef Series, Jeppestown Series and Main-Bird 

Series. 
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Newtown is located in Unit 3 (see Figure 9-1), where the Ventersdorp System occurs. 

The geochemistry of the Ventersdorp lavas ranges from komatiites and basalts to 

andesites, trachytes and dacites. These are classified according to three unconformity 

bound units, namely the Klipriviersberg Group, Platberg Group and Pniel Group. The 

weathering of rocks and soils in the Ventersdorp System leads to sites within the area 

exhibiting high clay mineral contents (de Beer, 1965; Altermann & Lenhardt, 2012). 

The soil profiles described from the five exploratory boreholes for the Newtown, 

Johannesburg site give mention to an initial fill material being encountered that 

comprised of slag, ash and coarse, medium and fine subangular quartz gravel within a 

matrix of moist, dark reddish yellow brown mottled brown speckled black, intact, 

slightly clayey silty sand as a result of aeolian redistribution. The fill material was 

discovered at depths below ground level ranging from 0.2 – 1.4m. Beneath this initial 

layer a pedogenic horizon is encountered at depths below ground level ranging from 

0.8 – 2.5m, with the following layer comprising of moist, dark reddish brown, intact, 

slightly sandy clayey silt with traces of subangular quartz gravel. This layer is as a result 

of reworked residual andesite and becomes more competent and less reworked with 

depth. The maximum depth description reported in the soil profiles of this layer reached 

10.15m, which coincides with the deepest SPT. The site was classified as cohesive 

because the material probed through was logged as a clayey silt material. The 

information gathered regarding the local geology of central Johannesburg further 

justified the classification. 

Figure 9-1: Physiographic sections of Johannesburg (de Beer, 1965) 
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9.2 Boksburg East Industrial, Boksburg 

In 2009, a site investigation was executed as part of the engineering design process for 

the proposed extensions of a construction material workshop situated in the industrial 

area of Boksburg. Boksburg is located on the East Rand Basin. The geology of this 

region is known to be sedimentary strata that is associated with the Witwatersrand 

Supergroup and is succeeded by progressively younger formations, such as Karoo 

sandstones and shales (Pretorius, 1963; Labuschagne, 2015). 

The soil profiles for the Boksburg East Industrial, Boksburg site indicated that the initial 

layer encountered from ground level was a black clayey silty sand fill with traces of ash 

and coal which was 0.7m thick. The next distinguishable layer was transported material 

that was described as a yellow brown and orange brown, clayey silty sand with 

abundant ferruginous concretions ranging at depths below ground level from 0.7 – 

2.0m. This was followed by a red brown and orange brown mottled grey brown, sandy 

silty clay with minor ferruginous concretions, which was evidence of reworked residual 

shale. The layer transitioned to characteristically brown, relict jointed clayey silt with 

minor fragments of very soft rock shale which was as a result of residual shale and 

siltstone. These horizons were distinguished at depths below ground level from 2.0m 

onwards, with the deepest recorded soil profile description ending at 5.26m. The site 

was classified as cohesive because the material probed through was logged as an initial 

fill material which transitioned to more clay like material beneath. 

9.3 Welkom, Free State 

In 2013, a pre-feasibility study for a proposed mineral mine project roughly 20km south 

of Welkom in the Free State required a geotechnical site investigation in order to 

establish the necessary soil parameters required for the engineering designs. Welkom 

is located on the south-western corner of the Witwatersrand Basin. The local geology 

is described as being covered by the Karoo System. The presence of the Dwyka Series, 

Ecca Series and elements of the Beaufort Series is recognized over this area that came 

about during the Palaeozoic and Mesozoic eras (Winter, 1962). 

Stellenbosch University https://scholar.sun.ac.za



96 

 

The soil profiles for the Welkom, Free State site provide an indication of the various 

layers encountered across the site. The first layer was found at depths reaching 0.6 – 

0.9m below ground level. The layer is described as a very moist to moist, brown, silty 

sand with minor ferruginous concretions as a result of aeolian distribution. The layer 

becomes slightly clayey with depth, and begins to transition to a moist, yellow mottled 

orange brown, shattered and slickensided, sandy silty clay with traces of calcareous 

concretions and fragments of highly weathered mudstone from a depth of roughly 1.0m 

below ground level onwards. The soil description suggests that this sandy silty clay 

layer is as a result of residual sandstone and residual mudstone with lenses of weathered 

mud rock observed as well. The soil profile description continues to a maximum depth 

of 8.0m. The site was classified as cohesive because the majority of soil layers probed 

through were described as clay layers. 

9.4 Hennenman, Ventersburg, Free State 

In 2012, a site investigation was executed in Hennenman near Ventersburg, in the Free 

State as part of the preliminary design stages for a proposed mining operation. The 

surface geology in the areas of Hennenman and Ventersburg is underlain by the 

Adelaide Subgroup, Beaufort Group and Cenozoic superficial sediments. Dolerite of 

the Karoo Supergroup from the Palaeozoic/Mesozoic era ranging between the Permian 

and Jurassic period is also present (Catuneanu & Elango, 2001). 

The soil profiles for the Hennenman, Ventersburg, Free State site provided descriptions 

of layers of strata to a maximum depth of 7.3m. The first layer is described as a red 

brown, intact, slightly clayey silty fine sand with minor ferruginous concretions found 

with depth. The soil layer is as a result of hillwash and was found at depths below 

ground level ranging between 0.3 – 2.7m. The soil transitions to more defined clay 

layers for the remainder of the soil profile descriptions. The soil is described as light 

grey brown, shattered and slickensided, sandy silty clay with calcareous concretions 

and ferruginous concretions as a result of residual sandstone, residual siltstone and 

residual mudstone. One borehole noted an encounter with hardpan calcrete at a depth 
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of 5.3m below ground level. The site was classified as cohesive because the majority 

of material probed through was logged as clay. 

9.5 Soweto, Johannesburg 

In the Soweto area, a site investigation was conducted during the period of November 

2009. The site investigation was required to establish the necessary parameters for the 

proposed development of a building complex. Soweto is located in Unit 4 (see Figure 

9-1), south west of central Johannesburg within the Central Rand Basin of the 

Witwatersrand Supergroup. It is underlain by the Turffontein and Johannesburg 

Subgroups of the Central Rand Basin. These Subgroups are divided by the Booysens 

Shale Formation (Tucker, et al., 2016). 

The soil profiles for the Soweto, Johannesburg site described the soil layers encountered 

to a maximum of 5.85m below ground level. No sample was recovered until a depth of 

1.0m below ground level for one borehole, and to a further depth of 3.0m below ground 

level for the other two boreholes. From a depth below ground level ranging between 

1.0 – 1.2m the soil was described as orange brown mottled black, clayey sand with 

abundant gravel and hard ferruginous concretions. From 1.2 – 4.6m below ground level 

the soil was described as yellow brown to brown speckled white, relict jointed, sandy 

clayey silt with a minor vein of quartz as a result of residual andesite. Between 4.6 – 

5.85m below ground level the soil transitioned to a more clay and silt like material and 

was typically described as brown mottled orange brown and black, relict jointed, sandy 

clayey silt with minor fine gravel as a result of residual amygdaloidal andesite. The site 

was classified as cohesive for the purpose of this study because the majority of material 

probed through was logged as silt and clay. 

9.6 Braamfontein, Johannesburg 

In 2010, a site investigation was executed in order to determine the necessary 

geotechnical parameters required for a proposed development in the office node of 

Braamfontein in the city of Johannesburg. Braamfontein is located within the 
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Witwatersrand in Unit 3 (see Figure 9-1). The area is underlain by meta-volcanic lava 

deposits of the Ventersdorp System. This is unconformably overlain by shales, 

quartzites and conglomerates with extreme variability. The weathering of rocks and 

soils in the Ventersdorp System leads to sites within the area exhibiting high clay 

mineral contents (de Beer, 1965; Altermann & Lenhardt, 2012). 

The soil profiles from the borehole logs for the Braamfontein, Johannesburg site 

provided information of the existing soil layers to a maximum depth of 9.45m. The first 

layer encountered was a 1m thick fill material that was found with some degree of 

variability across the site. The fill layer was described as red brown, silty sand with 

traces of builder’s rubble. The fill material was succeeded by a layer of aeolian 

transported material that was between 1.5 – 2.8m thick. The layer was described as a 

red brown, clayey silty fine sand with minor soft ferruginous concretions and traces of 

fine gravel that became more abundant with depth. Underlying these soil deposits was 

a layer of reworked residual andesite. The material was described as red brown mottled 

yellow and orange, clayey silt and was encountered at depths below ground level 

ranging between 2.5 – 4.5m. The final layer described in the soil profiles was a residual 

amygdaloidal andesite and the layer was described as an orange brown mottled yellow 

and streaked black, relict jointed, clayey silt. The site was classified as cohesive because 

the information gathered from the borehole logs described an early transition from a 

sandy material to more clayey silt (fine grained) material. 

9.7 Anderson Street, Johannesburg 

A site investigation was performed in 2010, along Anderson Street in Johannesburg, 

for the purpose of a proposed development. Anderson Street is located in the centre of 

Johannesburg. Upon geographic assessment, the proximity of the Newtown, 

Johannesburg site (discussed in Chapter 9.1) to the Anderson Street, Johannesburg site 

is within roughly 1 km at bird’s eye view. As a result the local geology is shared. The 

site is situated in Unit 3 (see Figure 9-1) of the Witwatersrand, which is succeeded by 

meta-volcanic lava deposits of the Ventersdorp System. The weathering of rocks and 
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soils in the Ventersdorp System leads to sites within the area exhibiting high clay 

mineral contents (de Beer, 1965; Abiye, et al., 2011; Altermann & Lenhardt, 2012). 

The soil profile description for the Anderson Street, Johannesburg site was poorly 

defined in the borehole log. The borehole was drilled to a depth of 7.6m with the soil 

encountered described as red soil clay. Fortunately, due to the close proximity between 

the Newtown, Johannesburg site and Anderson Street, Johannesburg site, information 

could be shared. The Newtown, Johannesburg site first encountered a fill material layer 

that soon transitioned to a moist, dark reddish brown, intact slightly sandy clayey silt 

with traces of subangular quartz gravel as a result of reworked residual andesite and 

became more competent and less reworked with depth. This description does 

corroborate with the minimal information provided from the single borehole in the 

Anderson Street, Johannesburg site. The site was classified as cohesive for the purpose 

of this study because of the information provided in the borehole log and the close 

proximity to the Newtown, Johannesburg site. 

9.8 Parktown, Johannesburg 

In January 2010, a site investigation was performed in order to determine the necessary 

geotechnical parameters required for a proposed building development on a school 

ground. The school grounds are situated in the suburban area of Parktown, 

Johannesburg, which is the first suburb north of the inner city and is located in Unit 2 

(see Figure 9-1). The area is underlain by Archaean granitic rocks and is partly covered 

by sediments of the Witwatersrand Supergroup which is further succeeded by shales, 

quartzites and conglomerates with extreme variability (de Beer, 1986). The presence of 

Ventersdorp lavas lessens north of the city centre, and as a result the underlying soils 

tend to exhibit lesser clay mineral contents. 

The soil profiles for the Parktown, Johannesburg site describe the initial layers that were 

encountered on site from the borehole window samples. Six of the eight borehole logs 

described an initial strata of brown, silty sand with abundant fine gravel and roots which 

was deemed to possibly be imported topsoil that was found at a depth below ground 
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level ranging from 0.2 – 0.6m. This was followed by an orange reddish brown, clayey 

sandy silt, fill material with minor shale fragments and bands of ash, coal and refuse 

discovered at depths below ground level ranging from 0.8 – 3.0m. The fill material 

transitioned to a highly variable reworked residual intrusive and alluvium, hillwash and 

talus deposited strata described as moist, orange brown, red brown and yellow brown, 

clayey silty, medium to coarse sand with abundant quartz shale and quartzite gravel to 

a maximum recorded depth of 7.45m. There were instances of more silt like layers as 

well as bands of gravel matrices, but a homogenous description that the soil became 

less clayey with depth was noticed. The site was classified as non-cohesive due to most 

soil descriptions from this site recognizing the presence of a sandy material throughout. 

9.9 Chloorkop, Johannesburg 

In 2013, a site investigation was conducted in Chloorkop, Johannesburg for the 

proposed development of an industrial complex in order to obtain the necessary 

geotechnical parameters required for an engineering design. Chloorkop is situated in 

the north east area of Johannesburg, and is located within the East Rand Basin. The 

basin is known to be underlain by Archaean granite and granitic rock of the 

Johannesburg Dome. Presence of sedimentary materials linked with the Witwatersrand 

Supergroup and younger sediments of the Transvaal Supergroup is also recognized 

(Labuschagne, 2015). 

The soil layers described from the borehole logs for the Chloorkop, Johannesburg site 

provide a soil profile to a maximum depth of 8.87m. The first layer encountered was a 

grey brown, slightly clayey silty sand, organic-rich topsoil that was between 0.1 – 0.2m 

thick. Beneath the topsoil layer a hillwash deposited, red brown, slightly clayey silty 

sand with abundant fine and medium gravel was identified at depths below ground level 

ranging from 1.0 – 1.3m. The material transitioned to a red brown mottled yellow brown 

speckled white and black, slightly clayey silty medium to coarse sand, with abundant 

fine quartz gravel and traces of ferruginous concretions as a result of reworked residual 

granite becoming residual granite with depth. The soil description of this sand layer 

remained fairly consistent up until the maximum soil profile depth of 8.87m. The site 
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was classified as non-cohesive because the material probed through was typically 

logged as some type of sand. 

9.10 Matola, Maputo, Mozambique 

In the Beluluane Industrial Park near the Matola River in Maputo, Mozambique a site 

investigation was conducted on an area covering roughly 11.2 hectares during the 

period of January to April 2008. The site investigation was required to establish the 

necessary parameters for the design of a proposed industrial complex.  

The site is located on the south coast of Mozambique, where the local geology is 

typically comprised of abandoned marine terraces covered by vast dune cordons. The 

dune sands are a dark reddish orange to brown colour, consisting of unconsolidated 

silty fine to medium sands which becomes more competent with depth as a result of the 

aeolian redistribution of beach sands along the coastal outskirts. These deposits have 

been altered and converted (oxidised) through heavy tropical weathering over time 

which has resulted in the exhibited reddish colouring of the soil. A porous, open-voided 

soil structure with cemented iron-oxide or silt/clay bridges is noticed as a result of 

leaching by water infiltration. This structures characterises a potentially collapsible soil 

structure. These sands were encountered to depths below ground level ranging from 

10.5 – 16m. Beneath the initial sand layer three highly typical rock horizons were found, 

namely cretaceous shell-rich sandstones (alternatively limestone), conglomerate or 

gravelly cemented mud rock and moderately weathered, very soft to soft, widely 

bedded (occasionally fissured) mud rock. This site was classified as non-cohesive in 

this study because the material probed through was typically logged as sand. 

9.11 Matutuine, Maputo Province, Mozambique 

Proposed agricultural structural developments in Matutuine, Mozambique demanded a 

thorough site investigation in order to determine the necessary soil parameters required 

for an engineering design. From the test pit logs and soil profiles it becomes apparent 

that the initial soil layer consists of light brown, silty fine to medium sand which 
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becomes more competent with depth. The presence of such soils is due to alluvium and 

gulleywash transportation over time. These deposits have been altered and converted 

(oxidised) through heavy tropical weathering over time which has resulted in the 

presence of pockets of dark orange brown ferruginous sand. Clayey elements within the 

deposits along with evidence of pin-holed structures suggests that a collapsible fabric 

is present. The data provided in the soil profiles from the test pits and borehole logging 

went to a maximum depth of 7.3m below ground level, where further traces of 

calcretised sand and ferricrete zones were present. No information of deeper, more 

competent horizons was provided. The site was classified as non-cohesive because the 

borehole logs showed that the strata was predominantly sand. 

9.12 Umdloti, KwaZulu-Natal 

In 2003, a geotechnical site investigation at a site in Umdloti, KwaZulu-Natal was 

performed for the proposed design of a bordering piled wall as a measure of retaining 

a slope behind a new flat complex. The coastal town of Umdloti is situated at the mouth 

of the Mdloti River, north of Durban. The area is known to be overlain by recently 

transported littoral sands which have been locally redistributed and exhibit slight 

alterations from the older Berea Formation. An example is that these sands in the 

Umdloti area do not share the issue of a collapsible fabric in the sands, which comes 

across often in the Berea Formation. The sands in the Umdloti area have a high 

permeability, and as a result large ground water flows are experienced (Cooper, 1991). 

The borehole logs for the Umdloti, KwaZulu-Natal site effectively depict the general 

soil profile of the lot. The description from Borehole 1 mentions that concrete, metal 

and fill material was found from a suspected old soap pit that went to a depth of 1.5m 

below ground level. A littoral deposit of slightly moist to moist, light yellow brown 

becoming dark yellow brown, loose to medium dense, fine to medium to coarse grained 

sand was encountered underlying the site ranging at a depth of 6 – 7.5m below ground 

level. Two borehole logs described that the material encountered below a depth of 5.5m 

was slightly clayey. Underlying this was completely weathered to unweathered layers 

of siltstone, sandstone, dolerite and shale of the Vryheid Formation. The ground water 
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table was encountered at depths of 5.3m, 8.5m and 8.3m for each respective borehole. 

The deepest DPSH test probed to a depth of 6.3m and the shallowest probed to 2.7m, 

therefore all tests recorded penetration values above the ground water table and as a 

result can be assumed to have probed through slightly moist to moist partially saturated 

sands. The site was classified as non-cohesive because the information obtained from 

the soil profiles indicated that the strata on site was mainly sandy soils before the 

completely weathered to unweathered layers of sandstone, dolerite and shale were 

encountered. 

9.13 Chicala, Ilha de Luanda, Angola 

In 2008, a geotechnical site investigation was carried out for the proposed development 

of a new accommodation establishment in Chicala, a neighbourhood on the island of 

Ilha de Luanda in Angola. Site geology descriptions were poorly described in the 

borehole log. A great number of shell fragments were found across the site which 

contributed to the assumption that the site was overlain by transported material. This 

material was observed in every borehole to a depth below ground level ranging between 

18.0 – 21.0m. The first layer encountered was 7.5m thick and described as orange 

brown, fine to medium sand with occasional coarse sand which became more competent 

with depth as described by the consistency progressing from loose to medium dense. 

This was underlain by a soil layer with a thickness ranging between 3 – 5.5m. The 

material was described as greenish grey, medium sand with occasional fine and coarse 

sand of orange brown colour with a medium dense consistency was found towards the 

end of each borehole. The site was classified as non-cohesive because the borehole logs 

made it clear that the predominant soil type present on this site was sand. 

9.14 Parow, Cape Town 

In 2008, a geotechnical site investigation at a site in Parow, Cape Town was executed 

as part of the preliminary design stage for the proposed development of an office block. 

Parow is a northern residential suburb of Cape Town. The area is known to be underlain 

at depth by deeply weathered meta-sedimentary materials of the Tygerberg Formation, 
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Malmesbury Group. This is succeeded by a cover of Quaternary age deposits with 

variable localised regions of material such as cemented ferruginised sand/gravel within 

silty sand matrices, calcrete and silcrete. The hard concretions may result in spikes in 

blow count during probing (Theron, 1992). 

The first soil layer encountered on the Parow, Cape Town site, after breaking through 

a 0.03m thick layer of asphalt, was a fill material which was predominantly layer works 

and concrete with medium dense to dense, variably sandy, crushed gravel and dense, 

slightly silty fine to coarse grained sand between 0.4 – 1.65m across the site area. The 

soil transitioned to a transported material of varying thickness, ranging from 2.6 – 2.8m 

on the eastern section of the site versus 7.55m thick on the western section; consisting 

of soft to firm fissured sandy, slightly clayey, silt and medium dense to dense variable 

silty fine sand with occasional rounded fine quartz gravel. Underlying the above-

mentioned layers was a residual material described as light grey, firm becoming very 

stiff with depth, slightly clayey silt and began to tend towards completely weathered 

laminated very soft rock shale. The layer was encountered at varying depths below 

ground level, from 3.0m on the eastern section of the site versus 9.2m on the western 

section. Below all the above-mentioned layers, rock of the Malmesbury Group was 

encountered and was described as highly weathered, fractured, very soft Greywacke 

rock. No problem soils were encountered during testing, and it was assumed that the 

probability of such case occurring was relatively low. The site was classified as non-

cohesive for the purpose of this study because the soil probed through exhibited a 

majority sandy composition. 

9.15 Milnerton Refinery, Cape Town 

In 2008, a geotechnical site investigation was executed at a site in Milnerton, Cape 

Town as part of the preliminary design stage for a new ground flare. Milnerton is a 

seaside suburb located north of central Cape Town. The area is known to be underlain 

at depth by deeply weathered meta-sedimentary materials of the Tygerberg Formation, 

Malmesbury Group. This is succeeded by a cover Quaternary age residual and 
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transported soils (such as sand, gravel, alluvium, colluvium, calcrete and silcrete) with 

extreme variability (Theron, 1992). 

The borehole logs for the Milnerton Refinery, Cape Town site described the soil layers 

encountered to a maximum depth of 8.45m. The first layer observed from ground level 

was a fill material described as black brown, loose to medium dense, very slightly silty 

fine to medium sand containing occasional roots and strongly cemented sand pockets. 

A degree of contamination was also observed. The first layer was roughly 1.3 – 1.6m 

thick. This was followed by a transported material described as greenish grey mottled 

orange to light brown and brown interbedded white, medium dense becoming dense 

with depth, variably clayey sand and very slightly silty sand. This layer was observed 

at depths below ground level ranging between 1.3 – 5.0m. Underlying the transported 

material was a residual material layer from the Malmesbury Group that was roughly 

0.3m thick, and was described as a grey, very stiff, clayey silt with remnant laminated 

bedding structure visible. From 6.0m onwards, rock of the Malmesbury Group was 

encountered and was described as comprising of completely to highly weathered, 

fractured, very soft Greywacke rock. No problem soils (collapsible soils, dispersive 

soils, soft clays and expanisve clays) were encountered during testing, and it was 

assumed that the probability of such case occurring was relatively low. The site was 

classified as non-cohesive because the borehole logs made it evident that the strata 

probed was mainly sand. 

9.16 Mt Edgecombe Interchange, Umhlanga 

The Mt Edgecombe interchange upgrade project was launched in 2009. A geotechnical 

site investigation was performed, in 2012, for the purpose of gathering data in order to 

establish the necessary geotechnical parameters required for certain upgrades to the 

interchange. Umhlanga is a residential town situated on the coastline, north of Durban. 

The area is known to be grounded on a Proterozoic granitic basement complex. The 

Natal Group sandstones overlies the basement in a cross-bedded sequence of quartz 

arenites, arkoses and conglomerates. This is unconformably overlain by layers of the 

Karoo Supergroup. The lowermost unit in this sequence is the Dwyka Group and is 
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succeeded by the Ecca Group. This is generally overlain by fine grained sedimentary 

rocks of the Beaufort Group and Quaternary age deposits. The Berea-Type sand is 

exposed semi-continuously along the Natal coast and forms a prominent ridge (Cooper, 

1991). 

The borehole logs for the Mt Edgecombe Interchange, Umhlanga site provided detailed 

soil descriptions to depth, with the maximum depth recorded being 69.5m below ground 

level. The first layer encountered was a layer of topsoil described as a red brown, silty 

sand that was roughly 0.3m thick. This was followed by an imported brown red, loose, 

silty fine grained sand, which had a maximum thickness of 6m. The imported soil layer 

was underlain by aeolian and alluvial transported strata of the Berea Formation 

described as light orange brown, slightly silty clayey fine grained sand. The consistency 

of the sand progressed from medium dense to dense to very dense with depth. The 

thickness of the sand layer varied, and was encountered to depths below ground level 

ranging from 21.0 – 59.0m. This transitioned to a combination of transported and 

residual material described as light grey blue brown, dense to very dense silty clayey 

sand. As the sand layer became more competent with depth, observations were made 

of the presence of fine, medium and coarse, sub-rounded cobbles, boulders and gravel. 

Beneath the Berea sand layer, two highly typical rock horizons were found, namely 

sandstone of the Vryheid Formation and mudstone of the Pietermaritzburg Formation. 

It should be noted that sands of the Berea Formation typically display elements that 

coincide with soils that have a collapsible fabric, which may have an influence on the 

DPSH results obtained on site. The site was classified as non-cohesive because the site 

was primarily underlain by sand strata. 

9.17 West Coast, Lutzville, Western Cape 

A site investigation was executed as part of the preliminary design stage for the 

proposed development of a mineral sands operation on a site situated on the West Coast 

of the Western Cape, South Africa, 60km north-west of Lutzville. Probing was carried 

out through end tipped uniformly graded sands. Consequently the site was classified as 

non-cohesive. 
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9.18 Gope, Central Kalahari Game Reserve, Botswana 

In 1997, an extensive site investigation was performed at a site in Gope, in the Central 

Kalahari Game Reserve, for a proposed diamond mine. The local geology is described 

as underlain by Jurassic Basalt. This is succeeded by approximately 70m of Tertiary 

and Quaternary sediments, which is known as the Kalahari Group. Furthermore, the 

Kalahari beds mainly consist of aeolian and fluvio-lucastrine sands nearer to the 

surface, with sandstones and infrequent conglomerates founded at the base. Within the 

sand, a variable calcified pedogenic layer is recognized and is locally termed the 

‘Sekoma Formation’. 

The top Kalahari sand horizon is largely aeolian with minor fluvial components, of 

single-sized grading, and the properties are further classified as clean, well sorted, fine 

grained, sub angular to rounded which contributes towards having a high collapsible 

fabric. Further information from the site report indicated that there was little difference 

between the material at 2m depth (Gordonia Formation) and at 20m depth (Jwaneng 

Formation). The mineralogy of the soil on site showed that it consisted of 96 – 98% 

quartz and 2 – 4% smectite interstratified clays. 

The Sekoma Formation is encountered as an accumulation of calcium carbonate in the 

underlying soil near to the surface sands. On this site, the Sekoma Formation horizon 

was poorly developed and consisted mainly of calcified sand that was found at an 

inconsistent basis in somewhat narrow lenses with limited lateral and vertical extent. 

The transported material discussed above was found above and underneath the scattered 

calcified pedogenic horizon, and otherwise constituted as the entire soil profile to 

depths of approximately 30m. The consistency of the soil became more competent with 

depth. The site was classified as non-cohesive because the material probed through was 

logged as sand. 
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9.19 Dunkeld, Johannesburg 

In February 2014, a site investigation was performed on Hume Road in the suburb of 

Dunkeld, Johannesburg for the proposed development of an office block. Dunkeld is 

located north of the inner city. The area lies within Unit 1 – the granite country of the 

Witwatersrand (see Figure 9-1) (de Beer, 1986). The borehole log provided a soil 

profile to a maximum depth of 5.45m for the Dunkeld, Johannesburg site. From ground 

level to a depth of 0.5m the soil was described as wet, reddish brown, intact, clayey 

coarse sand with minor gravel as a result of hillwash distribution. Between 0.5 – 2.3m 

below ground level the soil showed signs of reworked residual granite and was 

described as very moist, dark brown to orange brown, intact clayey silty sand with 

traces of grey, medium and fine, sub angular, quartz gravel and at depths past 1.3m 

below ground level pockets of very moist, orange brown speckled white, intact silty 

coarse sand up to 150mm in diameter was observed. The soil transitioned to a similar 

clayey silty sand layer as described above, however with a subtle colour change to a 

more olive brown speckled red brown and pink, the structure became pin holed and the 

soil was slightly micaceous. Minor traces of sub angular quartz gravel was observed. 

This layer was a result of residual granite. The presence of clay became less with depth, 

and the micaceous silty sand soil transitioned from very moist to moist from 3.5m below 

ground level and onwards. The structure was described as relict jointed. The site was 

classified as non-cohesive as the material probed through was logged as sand 

throughout the profile. 

9.20 Glenhazel, Johannesburg 

In 2009, a site investigation was performed in Glenhazel, a suburb in the eastern region 

of Johannesburg, on Nicholson Road. The site investigation was executed in order to 

gather the necessary data required to establish the geotechnical parameters for a 

proposed engineering design. Glenhazel is located in Unit 1 of the Witwatersrand (see 

Figure 9-1). The area is underlain by granitic rocks and sediments of the Witwatersrand 

Supergroup and is succeeded by shales, quartzites and conglomerates with extreme 

variability (de Beer, 1986). 
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The borehole log provided a soil profile to a maximum depth of 4.45m for the 

Glenhazel, Johannesburg site. The first layer encountered was described as a fill 

material comprising of brown, silty sand and gravel, and was 0.5m thick. This was 

followed by a moist, red brown, silty sand with minor fine gravel that increased in 

abundance with depth. The soil was described as hillwash deposited and transitioned to 

reworked residual granite at a depth of 2.0m below ground level and onwards. Between 

2.0 – 4.0m below ground level the red brown, silty sand became abundant with fine 

gravel and showed traces of the presence of a coarse quartz gravel vein. The remainder 

of the borehole log described a soil layer of red brown, silty sand with small pockets of 

white speckled orange, silty sand which was only partially reworked residual granite. 

The site was classified as non-cohesive because the borehole log made it evident that 

the strata assessed from ground level to a depth of 4.45m was predominantly sand. 

9.21 Bellville, Cape Town 

In 2007, a geotechnical site investigation was carried out at a site in Bellville, Cape 

Town for the proposed development of a new educational facility. Bellville is situated 

north east of central Cape Town. The area is known to be underlain by thick deposits 

of Quaternary age sands, in turn underlain by strata of the Tygerberg Formation, 

Malmesbury Group. The Quaternary material typically comprises fine to medium 

grained sands with, locally, layers of more silty to clayey material. Although not 

normally encountered to any significant extent, discontinuous horizons of pedogenic 

material (ferruginous and calcareous sand) can be formed irregularly within the sandy 

soils (Theron, 1992). 

The borehole log from the singular exploratory borehole provided a soil profile of the 

Bellville, Cape Town site to a maximum depth of 9.82m. Throughout the borehole log, 

only transported soils were encountered with neither residual material nor bedrock 

intersected. The profile is largely comprised of fine to medium grained, locally very 

slightly calcareous sand, with the upper roughly 0.3m showing traces of occasional fine 

gravel and organic matter. The consistency of the sand transitioned from competent 

medium dense conditions recorded from 0.3m below ground level, to dense at 3.9m and 
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very dense at 6.8m. The site was classified as non-cohesive as it was observed that the 

strata on site was mainly transported sandy soils. 

9.22 Summary of Test Site Conditions 

Table 9-1 and Table 9-2 provide a summary of the test site conditions for each cohesive 

and non-cohesive site. Figure 9-2 shows the location of all the test sites, with Figure 9-

3 and Figure 9-4 showing enlarged maps of the Johannesburg and Cape Town sites. 

Table 9-1: Summary of all cohesive test site conditions 

Site Summary of Test Site Conditions 

Newtown, 

Johannesburg 

The soil on site transitioned from a thin cover (0.2 – 1.4m thick) of 

aeolian sand to reworked residual andesite described as intact, 

sandy clayey silt to a maximum recorded depth of 10.05m. 

Boksburg East 

Industrial, 

Boksburg 

Layers of fill material (0.7m thick) and transported soil (1.3m 

thick) progressed to a sandy silty clay to a maximum recorded 

depth of 5.26m. 

Welkom, Free 

State 

On site, a 0.6 – 0.9m thick aeolian distributed, silty sand layer 

transitioned to a shattered and slickensided, sandy silty clay to 8.0m 

below ground level. 

Hennenman, 

Ventersburg, 

Free State 

A 0.3 – 2.7m thick hillwash deposited, slightly clayey silty fine 

sand layer was first encountered and progressed to more defined 

clay layers for the remainder of the profile to a maximum recorded 

depth of 7.3m. 

Soweto, 

Johannesburg 

The soil transitioned from a 1.0 – 1.2m thick sandy material to more 

silt and clay like soil layers to 5.85m below ground level. 

Braamfontein, 

Johannesburg 

Fill material was first probed through (1m thick), and was followed 

by a 1.5 – 2.8m thick aeolian transported clayey silty fine sand 

layer. This was followed by a layer of reworked residual andesite 

described as a clayey silt to 9.45m below ground level. 

Anderson 

Street, 

Johannesburg 

The limited information in the borehole log described the soil on 

site transitioning from a red soil to a clay, which coincided with the 

soil conditions of the Newtown, Johannesburg site. 
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Table 9-2: Summary of all non-cohesive test site conditions 

Site Summary of Test Site Conditions 

Parktown, 

Johannesburg 

Underneath an imported topsoil (0.2 – 0.6m thick) and fill material 

layer (roughly 2.4m thick), a highly variable reworked residual 

intrusive and alluvium, hillwash and talus deposited strata 

described as clayey silty, medium to coarse sand was observed to 

7.45m below ground level. 

Chloorkop, 

Johannesburg 

Beneath a 0.1 – 0.2m thick topsoil layer and a 1.1m thick hillwash 

deposited, clayey silty sand layer; a residual granite layer described 

as slightly clayey silty medium to coarse sand was identified to 

8.87m below ground level. 

Matola, 

Maputo, 

Mozambique 

The site typically consisted of silty sand dune deposits which 

became more competent with depth (with a maximum recorded 

depth of 29.39m). A medium to high collapse potential was 

identified due to an observed open-voided structure. 

Matutuine, 

Maputo 

Province, 

The site consisted of an initial alluvium and gulleywash deposited 

soil layer described as silty fine to medium sand which became 

more competent with depth (with a maximum recorded depth of 

7.3m). Clayey elements within the deposits along with evidence of 

pin-holed structures suggests a collapsible fabric is present. 

Umdloti, 

KwaZulu-

Natal 

The Umdloti area is overlain by recently transported littoral sands 

which exhibit slight alterations from the older Berea Formation. 

The site was underlain by a 6 – 7.5m thick slightly moist to moist, 

fine to medium to coarse grained sand. 

Chicala, Ilha 

de Luanda, 

Angola 

Site geology descriptions from the borehole logs were logged 

poorly. A fine to medium grained sand covered the site to 

approximately 18.5 – 21m below ground level, with abundant shell 

fragments suggesting the soil was transported material. 

Parow, Cape 

Town 

Below layers of asphalt and fill materials (layerworks) was a 

transported medium dense to dense variably silty fine sand, 

followed by residual slightly clayey silt which tended towards 

completely weathered very soft rock shale with depth. This was 

succeeded by Malmesbury Group rock. 

Milnerton 

Refinery, Cape 

Town 

A cover of transported medium dense becoming dense with depth, 

clayey sand and slightly silty sand, and residual material from the 

Malmesbury Group described as very stiff, clayey silt underlain by 

rock of the Malmesbury Group characterized the site. 

Mt Edgecombe 

Interchange, 

Umhlanga 

Beneath a layer of topsoil and imported sand, was aeolian and 

alluvial sand of the Berea Formation encountered to depths 

between 21.0 – 59.0m. This transitioned to transported and residual 

silty clayey sands. Fine, medium and coarse, sub-rounded cobbles, 

boulders and gravels were noted at depth. Beneath two highly 

typical rock horizons were found, namely sandstone of the Vryheid 

Formation and mudstone of the Pietermaritzburg Formation. 

West Coast, 

Lutzville, 

Western Cape 

The testing site was situated on the west coast of the Western Cape, 

South Africa, 60km north-west of Lutzville. Probing was carried 

out through end tipped uniformly graded sands. 
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Site Summary of Test Site Conditions 

Gope, Central 

Kalahari Game 

Reserve, 

Botswana 

Tertiary and Quaternary sediments, known as the Kalahari Group, 

consisting of aeolian and fluvio-lucastrine sands cover the site, with 

a variable calcified pedogenic layer, termed the ‘Sekoma 

Formation’. 

Dunkeld, 

Johannesburg 

A 0.5m thick hillwash deposited clayey coarse sand layer was first 

identified, and was followed by clayey silty sand formed from 

reworked residual granite becoming residual granite at a depth of 

2.3m for the remainder of the profile. 

Glenhazel, 

Johannesburg 

A 0.5m thick fill material was first encountered on site, and was 

followed by a 1.5m thick hillwash deposited silty sand and further 

transitioned to reworked residual granite for the remainder of the 

profile. 

Bellville, Cape 

Town 

The Bellville area is underlain by deposits of Quaternary age sands, 

in turn underlain by strata of the Malmesbury group. The entire 

probed profile was characterised by transported material described 

as fine to medium quartz sand that became more competent with 

depth. 

 

 

Figure 9-2: Satellite image of Southern Africa showing test site locations 

(Google Earth, 2017) 
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Figure 9-4: Satellite image of Johannesburg showing test site locations (Google 

Earth, 2017) 

Figure 9-3: Satellite image of Cape Town showing test site locations (Google 

Earth, 2017) 
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 Equivalence of the DPSH Test and SPT 

10.1 Cohesive Material Sites 

10.1.1 Newtown, Johannesburg 

This site consisted of a thin cover of aeolian sand below which was reworked residual 

clay andesite. In Table 10-1 below, it can be seen that the SPTs reached refusal at depths 

below ground level ranging between 5.90 – 10.15m and had an average SPT refusal 

depth, 𝜇, of 8.16m. The standard deviation, 𝜎, was 1.88m. By using Equation 21, the 

coefficient of variation, 𝐶𝑉, was calculated as 23%. 

Table 10-1: SPT refusal depths on Newtown, Johannesburg site (see Appendix A.2 

for full SPT log) 

Borehole Refusal Depth (m) 

BH1 10.05 

BH2 10.15 

BH3 5.90 

BH4 7.05 

BH5 7.65 

Average SPT 

refusal depth (𝜇, m) 

8.16 

 

Figure 10-1 illustrates the 31 DPSH n versus DPSH n+1 scatter plot data points for the 

Newtown, Johannesburg site. Eleven (11) data points fell within the cut-off line 

quadrant. All 11 points matched the grouping conditions for Group A; where Y ≥ 50, 

Y/X ≥ 1.25, and Z ≥ 𝜇 − 𝜎. Summary statistics for this site are given in Table 10-2. 
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Table 10-2: Global and quadrant proportions of scatter plot data points for Newtown, 

Johannesburg site 

Global Proportions 

Sample Size 31 

Group No. % 

A 11 35.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

D 20 65.00 

Quadrant Proportions 

Sample Size 11 

Group No. % 

A 11 100.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

 

The raw data in Appendix A.2 shows that the DPSH tests started probing from the base 

of where the boreholes had been drilled, and thus the SPTs had already been completed. 

As a result four of the five DPSH tests reached refusal at a depth that was deeper than 

the average SPT refusal depth, with one DPSH test reaching refusal at a depth that was 

shallower than the average SPT refusal depth, but within one standard deviation of the 
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Figure 10-1: DPSH n versus DPSH n+1 scatter plot of Newtown, Johannesburg 

site 
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average SPT refusal depth. Therefore all Z values (i.e. the depths at which the DPSH 

refusal data points were recorded) were greater than or equal to one standard deviation 

of the average SPT refusal depth. 

10.1.2 Boksburg East Industrial, Boksburg 

Layers of fill material and transported soil transitioned to a sandy silty clay on this site. 

In Table 10-3, below it can be seen that the three SPTs executed on the Boksburg East 

Industrial, Boksburg site reached refusal at depths below ground level ranging between 

4.35 – 5.26m and had an average SPT refusal depth, 𝜇, of 4.72m. The standard 

deviation, 𝜎, was 0.48m and the coefficient of variation, 𝐶𝑉, was calculated as 10%. 

Therefore DPSH ‘spikes’ at depths greater than or equal to 3.76m would be classified 

as Group B; and ‘spikes’ at depths greater than or equal to 4.24m would classify as 

Group A. DPSH ‘spikes’ shallower than 3.76m would be classified as either Group C 

or C*. 

Table 10-3: SPT refusal depths on Boksburg East Industrial, Boksburg site (see 

Appendix A.3 for full SPT log) 

Borehole Refusal Depth (m) 

BHD1 5.26 

BHD3 4.35 

BHD6 4.55 

Average SPT 

refusal depth (𝜇, m) 

4.72 

 

Figure 10-2 illustrates the 113 DPSH n versus DPSH n+1 data points from the Boksburg 

East Industrial, Boksburg site. Eighteen (18) data points fell within the cut-off line 

quadrant. Summary statistics for this site are given in Table 10-4. 
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Table 10-4: Global and quadrant proportions of scatter plot data points for Boksburg 

East Industrial, Boksburg site 

Global Proportions 

Sample Size 113 

Group No. % 

A 9 8.00 

B 2 2.00 

C 4 3.00 

C* 3 3.00 

D 95 84.00 

Quadrant Proportions 

Sample Size 18 

Group No. % 

A 9 50.00 

B 2 11.00 

C 4 22.00 

C* 3 17.00 

 

Fifty percent (50%) of the data points met the Group A classification conditions and 

11% satisfied the Group B classification conditions (where Y ≥ 50, Y/X ≥ 1.25, and Z 

≥ 𝜇 − 2𝜎). The majority of DPSH ‘spikes’ were therefore in close proximity to the 

refusal depths suggested by the SPT test. Twenty-two percent (22%) of the ‘spikes’ 

classified as Group C (where Y ≥ 50, Y/X ≥ 1.25, and Z < 𝜇 − 2𝜎). And 17% as Group 
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Figure 10-2: DPSH n versus DPSH n+1 scatter plot of Boksburg East 

Industrial, Boksburg site 
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C* (where Y ≥ 50, Y/X ≥ 1.25, Z < 𝜇 − 2𝜎, and Y ≥ Yn+1). Table 10-5 records the 

depths at which these Group C and Group C* spikes occurred. 

Table 10-5: Group C and Group C* data points for the Boksburg East Industrial, 

Boksburg site 

Test No. Depth (Z, m) 
Group C 

DPSH n DPSH n+1 

D5 3.6 33 100 

D7 2.1 29 52 

D7 2.4 52 100 

D8 1.5 33 50 

Test No. Depth (Z, m) 
Group C* 

DPSH n DPSH n+1 

D3 1.5 11 52 

D5 1.2 11 67 

D8 3.3 40 50 

 

The Group C data points were for tests D5, D7 and D8. The DPSH ‘spike’ in test D5 

occurred for the final two blow counts of the test, at a depth 3.6m, narrowly missing a 

Group B classification. However, ‘spikes’ in tests D7 and D8 were much shallower than 

the average SPT refusal depth. The Group C* data points were found in tests D3, D5 

and D8. Except for the ‘spike’ in test D8, the other two spikes were much shallower 

than the average SPT refusal depth. The soil profile (see Chapter 9.2) reported abundant 

ferruginous concretions between 0.7 – 2.0m. These shallow ‘spikes’ were likely due to 

these concretions; with some of the probes able to penetrate through these (i.e. the C* 

‘spikes’). 

10.1.3 Welkom, Free State 

This site transitioned from an aeolian deposited, silty sand layer to a residual sandstone 

and residual mudstone, sandy silty clay. In Table 10-6, below the six SPTs executed on 

the Welkom, Free State site reached refusal at depths below ground level ranging 

between 3.45 – 8.00m. The average SPT refusal depth, 𝜇, was 5.53m. The standard 

deviation, 𝜎, was determined as 1.46m. This resulted in a coefficient of variation, 𝐶𝑉, 
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of 26%. Therefore, DPSH ‘spikes’ at depths greater than or equal to 2.61m would be 

classified as Group B; and ‘spikes’ at depths greater than or equal to 4.07m would 

classify as Group A. DPSH ‘spikes’ shallower than 2.61m would be classified as either 

Group C or C*. 

Table 10-6: SPT refusal depths on Welkom, Free State site (see Appendix A.4 for full 

SPT log) 

Borehole Refusal Depth (m) 

BH1 5.35 

BH2 5.71 

BH3 5.45 

BH4 8.00 

BH5 3.45 

BH6 5.20 

Average SPT 

refusal depth (𝜇, m) 

5.53 

 

DPSH n values are plotted against DPSH n+1 values for the Welkom, Free State site in 

Figure 10-3. A summary of classifications is given in Table 10-7. 
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Table 10-7: Global and quadrant proportions of scatter plot data points for Welkom 

Free State site 

Global Proportions 

Sample Size 312 

Group No. % 

A 15 5.00 

B 2 1.00 

C 0 0.00 

C* 0 0.00 

D 295 94.00 

Quadrant Proportions 

Sample Size 17 

Group No. % 

A 15 88.00 

B 2 12.00 

C 0 0.00 

C* 0 0.00 

 

Eighty-eight percent (88%) of the data points met the Group A classification conditions 

and 12% satisfied the Group B classification conditions. Thus, all the DPSH ‘spikes’ 

were in close proximity to the refusal depths suggested by the SPT test. However, 

although 17 of the ‘spikes’ occurred close to the SPT refusal depths, six data points that 

fell within the cut-off line quadrant and met the DPSH refusal criteria of either Group 
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Figure 10-3: DPSH n versus DPSH n+1 scatter plot of Welkom, Free State site 

Stellenbosch University https://scholar.sun.ac.za



121 

 

A or Group B were recorded before the completion of the tests. Table 10-8, below, 

shows the DPSH penetration values recorded for each of these Group A and Group B 

data points, and the depth at which the DPSH n+1 values were recorded. DPSH probing 

was able to continue past these ‘spikes’ (Table 10-8). The soil profile (see Chapter 9.3) 

indicated bands of highly weathered very soft rock mudstone from below roughly 5.5m. 

Dips in DPSH blow count are likely due to these bands. In all cases, a subsequent 

‘spike’ was recorded before probing was stopped. The extra distance probed ranged 

between 0.3 – 1.8m. 

Table 10-8: Group A and Group B data points recorded before the completion of the 

respective DPSH test for the Welkom, Free State site 

Test No. Depth (Z, m) 
Group A 

DPSH n DPSH n+1 

D7 10.8 42 54 

D10 7.2 44 70 

D11 7.5 38 54 

D11 8.7 20 60 

DBH6 7.5 35 55 

Test No. Depth (Z, m) 
Group B 

DPSH n DPSH n+1 

D4 3.9 29 54 

 

10.1.4 Hennenman, Ventersburg, Free State 

The site consisted of a 0.3 – 2.7m thick hillwash slightly clayey silty fine sand below 

which were more defined clay layers. Table 10-9 shows that the nine SPTs executed on 

the Hennenman, Ventersburg, Free State site reached refusal at depths below ground 

level ranging between 2.70 – 7.30m, with an average SPT refusal depth, 𝜇, of 4.55m. 

The standard deviation, 𝜎, was 1.57m and the coefficient of variation, 𝐶𝑉, was 

calculated as 35%. Therefore DPSH ‘spikes’ at depths greater than or equal to 1.41m 

would be classified as Group B; and ‘spikes’ at depths greater than or equal to 2.98m 

would classify as Group A. DPSH ‘spikes’ shallower than 1.41m would be classified 

as either Group C or C*. 
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Table 10-9: SPT refusal depths on Hennenman, Ventersburg, Free State site (see 

Appendix A.5 for full SPT log) 

Borehole Refusal Depth (m) 

P1 6.10 

P2 3.77 

P3 5.40 

P4 5.30 

P5 2.70 

P6 7.30 

P7 3.37 

P8 4.15 

P9 2.85 

Average SPT 

refusal depth (𝜇, m) 

4.55 

 

Figure 10-4 illustrates the scatter plot of 60 DPSH n versus DPSH n+1 data points from 

the Hennenman, Ventersburg, Free State site. Four data points fell within the cut-off 

line quadrant. All 4 points matched the grouping conditions for Group A; where Y ≥ 

50, Y/X ≥ 1.25, and Z ≥ 𝜇 − 𝜎. Thus, all the DPSH ‘spikes’ were in close proximity to 

the refusal depths suggested by the SPTs. Summary statistics for this site are given in 

Table 10-10. 
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Figure 10-4: DPSH n versus DPSH n+1 scatter plot of Hennenman, 

Ventersburg site 
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Table 10-10: Global and quadrant proportions of scatter plot data points for 

Hennenman, Ventersburg site 

Global Proportions 

Sample Size 60 

Group No. % 

A 4 7.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

D 56 93.00 

Quadrant Proportions 

Sample Size 4 

Group No. % 

A 4 100.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

 

10.1.5 Soweto, Johannesburg 

The site consisted of a cover of sandy material and was succeeded by silt and clay soil 

layers. Table 10-11 shows that the three SPTs performed on the Soweto, Johannesburg 

site reached refusal at depths ranging between 2.35 – 5.85m. The average SPT refusal 

depth, 𝜇, was 4.18m. The standard deviation, 𝜎, was 1.76m and the coefficient of 

variation, 𝐶𝑉, was determined as 42%. Therefore, DPSH ‘spikes’ at depths greater than 

or equal to 0.66m would be classified as Group B; and ‘spikes’ at depths greater than 

or equal to 2.42m would classify as Group A. DPSH ‘spikes’ shallower than 0.66m 

would be classified as either Group C or C*. 

Table 10-11: SPT refusal depths on Soweto, Johannesburg site (see Appendix A.6 for 

full SPT log) 

Borehole Refusal Depth (m) 

D2 2.35 

D4 5.85 

D10 4.35 

Average SPT 

refusal depth (𝜇, m) 

4.18 
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Figure 10-5 shows the 160 DPSH n versus DPSH n+1 data points from the Soweto, 

Johannesburg site. Thirteen (13) data points fell within the cut-off line quadrant. 

Summary statistics for this site are given in Table 10-12. 

 

 

 

 

Table 10-12: Global and quadrant proportions of scatter plot data points for Soweto, 

Johannesburg site 

Global Proportions 

Sample Size 160 

Group No. % 

A 8 5.00 

B 4 3.00 

C 0 0.00 

C* 1 1.00 

D 147 91.00 

Quadrant Proportions 

Sample Size 13 

Group No. % 

A 8 61.00 

B 4 31.00 

C 0 0.00 

C* 1 8.00 
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Figure 10-5: DPSH n versus DPSH n+1 scatter plot of Soweto, Johannesburg 

site 
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Sixty-one percent (61%) of the data points met the Group A classification conditions 

and 31% satisfied the Group B classification conditions. Most of DPSH ‘spikes’ were 

therefore in close proximity to the refusal depths suggested by the SPT test. The 

singular spike classified as Group C accounted for 8% of the data points within the cut-

off line quadrant. The soil profile (see Chapter 9.5) indicated no samples were 

recovered to a depth of 1.0m below ground level, therefore there was no evidence to 

suggest why the spike occurred. However, the DPSH raw data (see Appendix A.6) 

indicated that similar ‘spikes’ in blow count were recorded in every DPSH test between 

0.3 – 1.2m below ground level, however these ‘spikes’ were not large enough to satisfy 

the refusal criteria. This consistent increase in DPSH n values was likely due to probing 

through a competent layer of strata that was present across the site area. 

Although 12 of the ‘spikes’ occurred close to the SPT refusal depths, five data points 

that fell within the cut-off line quadrant and met the DPSH refusal criteria of either 

Group A or Group B were recorded before the completion of the tests. Table 10-13 

shows the DPSH penetration values recorded for each of these Group A and Group B 

data points, and the depth at which the DPSH n+1 values were recorded.  

Table 10-13: Group A and Group B data points recorded before the completion of the 

respective DPSH test for the Soweto, Johannesburg site 

Test No. Depth (Z, m) 
Group A 

DPSH n DPSH n+1 

D8 2.7 41 56 

D10 2.7 37 50 

D10 3.6 39 55 

P6 7.5 23 52 

Test No. Depth (Z, m) 
Group B 

DPSH n DPSH n+1 

D9 0.9 34 57 

 

The Group A data points were for tests D8, D10 and P6. The DPSH ‘spike’ in test D8 

occurred at a depth of 2.7m, with the blow counts progressively increasing until refusal 

at a depth of 3.3m. The DPSH ‘spike’ in test P6 occurred at a depth of 7.5m, with the 
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blow counts progressively increasing until refusal at 8.1m. The two DPSH ‘spikes’ in 

test D10 occurred at 2.7m and 3.6m. The soil profile (see Chapter 9.5) provided no 

evidence to suggest why the spikes occurred, however the data suggests it was due to 

probing through hard zones. The Group B ‘spike’ recorded before probing completion 

occurred in test D9 at a depth of 0.9m. The ‘spike’ was recorded at a depth which 

coincided with the assumed competent layer of strata that was present across the site 

area between 0.3 – 1.2m below ground level.  

10.1.6 Braamfontein, Johannesburg 

On site fill material was probed through, followed by aeolian clayey silty sand, and 

transitioned to a clayey silt from reworked residual andesite. Table 10-14 shows the 

maximum depths that both SPTs probed to. The SPT log in Appendix A.7 indicated 

that the SPTs had not yet reached refusal (i.e. SPT N values less than 50), however this 

was the only data available and therefore the average SPT refusal depth, 𝜇, was assumed 

as 9.45m. The standard deviation, 𝜎, was 0.00m and resulted in a coefficient of 

variation, 𝐶𝑉, of 0% because both SPTs stopped probing at 9.45m below ground level. 

Table 10-14: Maximum SPT probing depths on Braamfontein, Johannesburg site (see 

Appendix A.7 for full SPT log) 

Borehole Maximum Depth (m) 

BH1 9.45 

BH4 9.45 

Average SPT refusal 

depth (𝜇, m) 

9.45 

 

Figure 10-6 shows the 171 DPSH n versus DPSH n+1 data points from the Soweto, 

Johannesburg site. None of the data points fell within the cut-off line quadrant, which 

makes sense as the SPTs did not reach refusal either. Summary statistics for this site 

are given in Table 10-15. 
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Table 10-15: Global and quadrant proportions of scatter plot data points for 

Braamfontein, Johannesburg site 

Global Proportions 

Sample Size 171 

Group No. % 

A 0 0.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

D 171 100.00 

Quadrant Proportions 

Sample Size 0 

Group No. % 

A 0 0.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

 

10.1.7 Anderson Street, Johannesburg 

Limited information was provided in the borehole log, fortunately the site was in close 

proximity to the Newtown, Johannesburg site which shared similar soil conditions. The 

SPT raw data (see Appendix A.8) indicated that only one SPT was executed on the 
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Figure 10-6: DPSH n versus DPSH n+1 scatter plot of Braamfontein, 

Johannesburg site 
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Anderson Street, Johannesburg site and probed to a maximum depth of 7.60m below 

ground level, but had not yet reached refusal (i.e. SPT N value less than 50). The SPT 

log showed that the SPT N value increased by a factor of 1.59 at 7.60m, which indicated 

a progression towards refusal. As this was the only data available to the author’s 

disposal the SPT refusal depth, 𝜇, was assumed as 7.60m for this site. Table 10-16 

presents the coefficient of variation, 𝐶𝑉, of all cohesive sites that executed more than 

one SPT. The average coefficient of variation, 𝐶𝑉̅̅ ̅̅ , was determined as 23%. By 

substituting the necessary parameters into Equation 21, the standard deviation, 𝜎, from 

the SPT refusal depth of the site was calculated as 2.07m. 

Table 10-16: Coefficient of variation, 𝐶𝑉, of all cohesive sites that did more than one 

SPT 

Test Site 
Coefficient of 

Variation, 𝑪𝑽 

Newtown, Johannesburg 0.23 

Boksburg East Industrial, Boksburg 0.10 

Welkom, Free State 0.26 

Hennenman, Ventersburg, Free State 0.35 

Soweto, Johannesburg 0.42 

Braamfontein, Johannesburg 0.00 

Average Coefficient of Variation (𝐶𝑉̅̅ ̅̅ ) 0.23 

 

Figure 10-7 shows the 57 DPSH n versus DPSH n+1 data points from the Anderson 

Street, Johannesburg site. None of the data points fell within the cut-off line quadrant, 

which makes sense given the SPT did not reach refusal either. Summary statistics for 

this site are given in Table 10-17. 
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Table 10-17: Global and quadrant proportions of scatter plot data points for Anderson 

Street, Johannesburg site 

Global Proportions 

Sample Size 57 

Group No. % 

A 0 0.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

D 57 100.00 

Quadrant Proportions 

Sample Size 0 

Group No. % 

A 0 0.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

 

Only one blow count greater than 50 was recorded across all three DPSH tests. The 

SPT and DPSH results highlighted the importance of executing more than one 

respective penetration test and probing until refusal is reached to effectively correlate 

the penetration testing methods and to establish the geotechnical parameters required 

for a successful engineering design. 
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Figure 10-7: DPSH n versus DPSH n+1 scatter plot of Anderson Street, 

Johannesburg site 
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10.1.8 Combined Cohesive Material Sites 

A combined scatter plot of the DPSH n versus DPSH n+1 data points for all seven 

cohesive sites is given in Figure 10-8. A summary of classifications is given in Table 

10-18. Of the 901 DPSH n versus DPSH n+1 data points, from the seven cohesive 

material sites, 8% of the data points were within the cut-off line quadrant. Seventy-five 

percent (75%) of these points classified as Group A and 13% classified as Group B. 

Thus for cohesive sites the proposed DPSH refusal criteria showed good agreement 

with the SPT refusal depths. A few points satisfied Group C and Group C* criteria, 

(12% of data points). Most of these were likely due to hard zones (e.g. concretions) 

encountered at shallow depths during a DPSH. Therefore, the proposed refusal criteria 

should not be seen as criteria for stopping probing but to be used following testing to 

interpret layering. 
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Table 10-18: Combined global and quadrant proportions of scatter plot data points for 

all seven cohesive material sites 

Global Proportions 

Sample Size 901 

Group No. % 

A 47 5.00 

B 8 1.00 

C 4 1.00 

C* 4 1.00 

D 667 92.00 

Quadrant Proportions 

Sample Size 63 

Group No. % 

A 47 75.00 

B 8 13.00 

C 4 6.00 

C* 4 6.00 

 

10.2 Non-Cohesive Material Sites 

10.2.1 Parktown, Johannesburg 

This site consisted of a thin layer of imported topsoil and a layer of fill material, which 

was underlain by a clayey silty, medium to coarse sand layer. Table 10-19 shows the 

maximum depth that the eight SPTs executed on the Parktown, Johannesburg site 

between 3.30 – 7.45m. The SPT log in Appendix A.9 indicated that none of the SPTs 

had reached refusal (i.e. SPT N values were less than 50), however this was the only 

data available and therefore the average SPT refusal depth, 𝜇, was calculated as the 

average maximum depths probed by the eight SPTs in this study. The average SPT 

refusal depth, 𝜇, was determined as 5.07m. The standard deviation, 𝜎, was 1.16m and 

the coefficient of variation, 𝐶𝑉, was calculated as 23%. Therefore DPSH ‘spikes’ at 

depths greater than or equal to 2.75m would be classified as Group B; and ‘spikes’ at 

depths greater than or equal to 3.91m would classify as Group A. DPSH ‘spikes’ 

shallower than 2.75m would be classified as either Group C or C*. 
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Table 10-19: Maximum SPT probing depths on Parktown, Johannesburg site (see 

Appendix A.9 for full SPT log) 

Borehole Maximum Depth (m) 

BH1 7.45 

BH2 5.45 

BH3 4.45 

BH4 4.90 

BH5 5.00 

BH6 3.30 

BH7 5.00 

BH8 5.00 

Average SPT refusal 

depth (𝜇, m) 

5.07 

 

Figure 10-9 illustrates DPSH n versus DPSH n+1 scatter plot data points from the 

Parktown, Johannesburg site. Only two points fell within the cut-off line quadrant and 

were both classified as Group A. These data points were only marginally Group A, and 

the rest of the data is in agreement with the fact that refusal was not reached for the 

SPTs. Summary statistics for this site are given in Table 10-20. 
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Figure 10-9: DPSH n versus DPSH n+1 scatter plot of Parktown, Johannesburg 

site 
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Table 10-20: Global and quadrant proportions of scatter plot data points for Parktown, 

Johannesburg site 

Global Proportions 

Sample Size 435 

Group No. % 

A 2 1.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

D 433 99.00 

Quadrant Proportions 

Sample Size 2 

Group No. % 

A 2 100.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

 

10.2.2 Chloorkop, Johannesburg 

The site consisted of a topsoil layer, hillwash deposited clayey silty sand layer and 

residual granite slightly clayey silty medium to coarse grained sand. The three SPTs 

executed on the Chloorkop, Johannesburg site reached refusal at depths below ground 

level ranging between 3.45 – 8.87m and had an average SPT refusal depth, 𝜇, was of 

5.26m (see Table 10-21). The standard deviation, 𝜎, was 3.13m and the coefficient of 

variation, 𝐶𝑉, was calculated as 60%. Therefore DPSH ‘spikes’ at depths greater than 

or equal to 0.00m would be classified as Group B; and ‘spikes’ at depths greater than 

or equal to 2.13m would classify as Group A. As a result of the considerable standard 

deviation from the mean SPT refusal depth, no DPSH ‘spikes’ would be classified as 

either Group C or C*. 
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Table 10-21: SPT refusal depths on Chloorkop, Johannesburg site (see Appendix 

A.10 for full SPT log) 

Borehole Refusal Depth (m) 

BH1 8.87 

BH2 3.45 

BH3 3.45 

Average SPT 

refusal depth (𝜇, m) 

5.26 

 

Figure 10-10 illustrates the 38 DPSH n versus DPSH n+1 data points from the 

Chloorkop, Johannesburg site. Five data points fell within the cut-off line quadrant. 

Summary statistics for this site are given in Table 10-22. 
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Table 10-22: Global and quadrant proportions of scatter plot data points for 

Chloorkop, Johannesburg site 

Global Proportions 

Sample Size 38 

Group No. % 

A 2 5.26 

B 3 7.89 

C 0 0.00 

C* 0 0.00 

D 33 86.84 

Quadrant Proportions 

Sample Size 5 

Group No. % 

A 2 40.00 

B 3 60.00 

C 0 0.00 

C* 0 0.00 

 

Forty percent (40%) of the data points met the Group A classification conditions and 

60% satisfied the Group B classification conditions. Thus, upon initial assessment all 

the DPSH ‘spikes’ were in close proximity to the refusal depths suggested by the SPT 

test. However, four data points that fell within the cut-off line quadrant and met the 

refusal criteria of either Group A or Group B were recorded before the completion of 

the tests. Table 10-23, shows the DPSH penetration values recorded for each of these 

Group A and Group B data points, and the depth at which the DPSH n+1 values were 

recorded. The soil profile (see Chapter 9.9) indicated below a depth of 1.3m the soil 

transitioned to slightly clayey silty medium to coarse grained sand, with traces of 

ferruginous concretions. Therefore, ‘spikes’ in DPSH blow count below 1.3m were 

likely due to encountering ferruginous concretions that required extra blows to probe 

through. 
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Table 10-23: Group A and Group B data points recorded before the completion of the 

respective DPSH test for the Chloorkop, Johannesburg site 

Test No. Depth (Z, m) 
Group A 

DPSH n DPSH n+1 

DPSH2 2.4 59 82 

Test No. Depth (Z, m) 
Group B 

DPSH n DPSH n+1 

DPSH1 1.8 30 60 

DPSH1 2.1 60 86 

DPSH2 1.8 18 70 

 

10.2.3 Matola, Maputo, Mozambique 

This site typically consisted of silty sand dune deposits which became more competent 

with depth. A high collapse potential was identified. The 17 SPTs executed on the 

Matola, Maputo site reached refusal at depths below ground level ranging between 

10.50 – 16.50m and had an average SPT refusal depth, 𝜇, of 12.88m (see Table 10-24). 

The standard deviation, 𝜎, was 1.60m and the coefficient of variation, 𝐶𝑉, was 

calculated as 12%. Therefore DPSH ‘spikes’ at depths greater than or equal to 9.68m 

would be classified as Group B; and ‘spikes’ at depths greater than or equal to 11.28m 

would classify as Group A. DPSH ‘spikes’ shallower than 9.68m would be classified 

as either Group C or C*. 
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Table 10-24: SPT refusal depths on Matola, Maputo site (see Appendix A.11 for full 

SPT log) 

Borehole Refusal Depth (m) 

BHA 13.50 

BHB 12.00 

BHC 12.00 

BHD 12.00 

BHE 13.50 

BHF 10.50 

BHG 12.00 

BHH 16.50 

BHI 13.50 

BHJ 12.00 

BHK 13.50 

BHL 12.00 

BHM 13.50 

BHN 15.00 

BHX 12.00 

BHY 15.00 

BHZ 10.50 

Average SPT 

refusal depth (𝜇, m) 
12.88 

 

DPSH n values are plotted against DPSH n+1 values for the Matola, Maputo site in 

Figure 10-13. Table 10-29 shows that of the 525 DPSH n versus DPSH n+1 data points, 

22 fell within the cut-off line quadrant. Fifteen points satisfied the Group C criteria and 

7 points satisfied the Group C* criteria. Table 10-30 shows that these Group C and 

Group C* depths were much shallower than the SPT refusal depths. There was no 

evidence in the borehole log for hard zones at shallow depths and these ‘spikes’ in 

DPSH tests are likely due to a rapid build-up of rod friction at random depths below 

surface. For the few Group C* ‘spikes’ (i.e. the ‘spike’ was immediately followed by a 

dip in blow count) blow counts soon increased again. 
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Table 10-25: Global and quadrant proportions of scatter plot data points for Matola, 

Maputo site 

Global Proportions 

Sample Size 525 

Group No. % 

A 0 0.00 

B 0 0.00 

C 15 3.00 

C* 7 1.00 

D 503 96.00 

Quadrant Proportions 

Sample Size 22 

Group No. % 

A 0 0.00 

B 0 0.00 

C 15 68.00 

C* 7 32.00 
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Figure 10-11: DPSH n versus DPSH n+1 scatter plot of Matola, Maputo site 
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Table 10-26: Details of Group C and Group C* data points recorded for Matola, 

Maputo site 

Test No. Depth (Z, m) 
Group C 

DPSH n DPSH n+1 

BHA 3.0 51 66 

BHB 3.0 57 75 

BHD 1.8 46 62 

BHD 2.7 71 95 

BHE 3.6 32 64 

BHE 5.1 28 91 

BHF 0.9 35 51 

BHF 1.2 51 71 

BHI 0.9 30 50 

BHI 1.8 47 61 

BHM 2.7 49 62 

BHN 5.4 24 55 

BHN 5.7 55 70 

BHX 2.1 40 52 

BHZ 2.7 50 74 

Test No. Depth (Z, m) 
Group C* 

DPSH n DPSH n+1 

BHF 1.8 72 99 

BHH 5.4 71 94 

BHJ 0.9 28 58 

BHJ 4.2 56 82 

BHJ 4.8 74 103 

BHL 1.8 51 65 

BHZ 1.2 45 65 

 

10.2.4 Matutuine, Maputo Province, Mozambique 

The site consisted of alluvium and gulleywash deposited silty fine to medium grained 

sand which became more competent with depth. A high collapse potential was 

identified. The five SPTs executed on the Matutuine, Maputo Province site reached 

refusal at depths below ground level ranging between between 1.95 – 7.30m and had 

an average SPT refusal depth, 𝜇, of 4.58m (see Table 10-27). The standard deviation, 

𝜎, was 2.08m and the coefficient of variation, 𝐶𝑉, was calculated as 45%. Therefore 

DPSH ‘spikes’ at depths greater than or equal to 0.42m would be classified as Group 

B; and ‘spikes’ at depths greater than or equal to 2.5m would classify as Group A. 

DPSH ‘spikes’ shallower than 0.42m would be classified as either Group C or C*. 
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Table 10-27: SPT refusal depths on Matutuine, Maputo Province site (see Appendix 

A.12 for full SPT log) 

Borehole Refusal Depth (m) 

D7 7.30 

D8 5.95 

D14 3.95 

D15 3.75 

D17 1.95 

Average SPT 

refusal depth (𝜇, m) 
4.58 

 

Figure 10-12 illustrates the 419 DPSH n versus DPSH n+1 data points from the 

Chloorkop, Johannesburg site. Fifteen (15) data points fell within the cut-off line 

quadrant. Summary statistics for this site are given in Table 10-28. 
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Table 10-28: Global and quadrant proportions of scatter plot data points for 

Matutuine, Maputo Province site 

Global Proportions 

Sample Size 419 

Group No. % 

A 10 3.00 

B 5 1.00 

C 0 0.00 

C* 0 0.00 

D 404 96.00 

Quadrant Proportions 

Sample Size 15 

Group No. % 

A 10 67.00 

B 5 33.00 

C 0 0.00 

C* 0 0.00 

 

Within the cut-off line quadrant, 67% of the data points met the Group A classification 

conditions and 33% satisfied the Group B classification conditions. Thus, all the DPSH 

‘spikes’ were in close proximity to the refusal depths suggested by the SPT test. 

However, although 15 of the ‘spikes’ occurred close to the SPT refusal depths, 11 data 

points that fell within the cut-off line quadrant and met the DPSH refusal criteria of 

either Group A or Group B were recorded before the completion of the tests. Table 10-

31, below, shows the DPSH penetration values recorded for each of these Group A and 

Group B data points, and the depth at which the DPSH n+1 values were recorded. The 

soil profile (see Chapter 9.11) indicated that the initial alluvium and gulleywash silty 

fine to medium grained sand layer showed traces of calcareous concretions, abundant 

ferruginous concretions and bands of very soft rock to soft rock hardpan ferricrete at 

depths ranging from 0.30 – 3.10m below ground level. Therefore, ‘spikes’ in DPSH 

blow count between these depths were likely due to probing through the above-

mentioned hard zones, which accounted for all Group B data points recorded before the 

completion of the tests. 

There was no further evidence in the borehole logs of hard zones at depths greater than 

3.10m. The DPSH and SPT raw data (see Appendix A.12) indicated an increase in 
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material competency (i.e. increase in blow counts) with depth in both profiles. 

However, there seems to be extreme variability of the site soil conditions. Three of the 

19 DPSH tests probed to a depth greater than 20.0m, while five DPSH tests reached 

refusal at 2.4m or less. This variability was mirrored in the SPT results, but not at such 

extent. Variable ‘spikes’ in DPSH tests may have been due to encountering hard zones, 

or the repetitive blows during probing caused sand to collapse onto the rods and exert 

a rapid build-up of rod friction at random depths below surface. 

Table 10-29: Details of Group A and Group B data points recorded for Matutuine, 

Maputo Province site 

Test No. Depth (Z, m) 
Group A 

DPSH n DPSH n+1 

D1 10.2 31 62 

D1 22.2 46 77 

D4 2.7 32 67 

D5 3.9 32 61 

D6 8.7 45 60 

D10 4.2 45 59 

D10 4.5 59 89 

D18 4.8 15 65 

Test No. Depth (Z, m) 
Group B 

DPSH n DPSH n+1 

D5 1.2 44 73 

D5 2.4 48 61 

D16 0.9 26 54 

 

10.2.5 Umdloti, KwaZulu-Natal 

The site was underlain by a 6 – 7.5m thick slightly moist to moist, fine to medium to 

coarse grained sand. Table 10-19 shows the maximum depth that the three SPTs 

executed on the Umdloti, KwaZulu-Natal site probed to depths below ground level 

ranging between 5.50 – 8.50m. The SPT log in Appendix A.13 indicated that none of 

the SPTs had reached refusal (i.e. SPT N values were less than 50), however this was 

the only data available to the author’s disposal and therefore the average SPT refusal 

depth, 𝜇, was calculated as the average maximum depths probed by the three SPTs in 

this study. The average SPT refusal depth, 𝜇, was determined as 7.17m. The standard 
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deviation, 𝜎, was 1.53m and the coefficient of variation, 𝐶𝑉, was calculated as 21%. 

Therefore DPSH ‘spikes’ at depths greater than or equal to 4.11m would be classified 

as Group B; and ‘spikes’ at depths greater than or equal to 5.64m would classify as 

Group A. DPSH ‘spikes’ shallower than 4.11m would be classified as either Group C 

or C*. 

Table 10-30: Maximum SPT probing depths on Umdloti, KwaZulu-Natal site (see 

Appendix A.13 for full SPT log) 

Borehole Maximum Depth (m) 

BH1 5.50 

BH2 7.50 

BH3 8.50 

Average SPT refusal 

depth (𝜇, m) 
7.17 

 

Figure 10-13 shows the 123 DPSH n versus DPSH n+1 data points from the Umdloti, 

KwaZulu-Natal site. Fourteen (14) of the data points fell within the cut-off line 

quadrant. Summary statistics for this site are given in Table 10-31. 
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Figure 10-13: DPSH n versus DPSH n+1 scatter plot of Umdloti, KwaZulu-

Natal site 
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Table 10-31: Global and quadrant proportions of scatter plot results for Umdloti, 

KwaZulu-Natal site 

Global Proportions 

Sample Size 123 

Group No. % 

A 1 1.00 

B 3 3.00 

C 8 6.00 

C* 2 2.00 

D 109 88.00 

Quadrant Proportions 

Sample Size 14 

Group No. % 

A 1 7.00 

B 3 22.00 

C 8 57.00 

C* 2 14.00 

 

Seven percent (7%) of the data points met the Group A classification conditions and 

22% satisfied the Group B classification conditions. Fifty-seven percent (57%) of the 

‘spikes’ classified as Group C. And 14% as Group C*. The majority of DPSH ‘spikes’ 

were therefore recorded at depths shallower than 4.11m (i.e. Z < 𝜇 − 2𝜎). Table 10-32 

records the depths at which these Group C and Group C* spikes occurred. 
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Table 10-32: Details of Group C and Group C* data points recorded for Umdloti, 

KwaZulu-Natal site 

Test No. Depth (Z, m) 
Group C 

DPSH n DPSH n+1 

D5 2.4 31 54 

D5 3.6 54 100 

D6 3.0 26 62 

D7 3.3 36 50 

D7 3.6 50 67 

D8 3.3 36 60 

D9 3.0 37 67 

D10 2.7 40 70 

Test No. Depth (Z, m) 
Group C* 

DPSH n DPSH n+1 

D4 1.5 13 66 

D4 2.1 35 64 

 

The soil profile (see Chapter 9.12) reported layers of sand that contained abundant 

gravel, shell fragments and occasional scattered ferruginised sand fragments to a depth 

of 3.0m. Therefore, shallow ‘spikes’ were likely due to these hard zones; with some of 

the probes able to penetrate through these (i.e. the C* ‘spikes’). There was no further 

evidence in the soil profile of particular hard zones that may have caused DPSH tests 

to reach shallow refusal. The DPSH and SPT data (see Appendix A.13) indicated that 

the penetration values were roughly equivalent for the initial 2.0m of the soil profile 

and then the DPSH n values increased steadily, becoming larger than the SPT N values. 

Therefore, Group C ‘spikes’ were likely due the moisture and fines described in the 

sand profile causing a rapid build-up of rod friction. 

10.2.6 Chicala, Ilha de Luanda, Angola 

A fine to medium grained sand covered the whole site to approximately 18.5 – 21m 

below existing ground level, with abundant shell fragments suggesting the soil was 

transported material. The three SPTs executed on the Chicala, Angola probed to depths 

below ground level ranging between 18.00 – 21.00m. However, the raw data in 

Appendix A.14 indicated that none of the SPTs reached refusal (i.e. SPT N values were 

less than 50). Regardless, this was the only available data to the author’s disposal and 
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therefore the average SPT refusal depth, 𝜇, for this site was calculated as the average 

maximum depths probed by the three SPTs. The average SPT refusal depth, 𝜇, was 

determined as 20.00m (see Table 10-33). The standard deviation, 𝜎, was 1.73m and the 

coefficient of variation, 𝐶𝑉, was calculated as 9%. Therefore DPSH ‘spikes’ at depths 

greater than or equal to 16.54m would be classified as Group B; and ‘spikes’ at depths 

greater than or equal to 18.27m would classify as Group A. DPSH ‘spikes’ shallower 

than 16.54m would be classified as either Group C or C*. 

Table 10-33: Maximum SPT probing depths on Chicala, Angola site (see Appendix 

A.14 for full SPT log) 

Borehole Refusal Depth (m) 

BH1 21.00 

BH2 21.00 

BH3 18.00 

Average SPT 

refusal depth (𝜇, m) 
20.00 

 

Figure 10-14 shows the 183 DPSH n versus DPSH n+1 data points from the Chicala, 

Angola site. Twenty-eight (28) data points fell within the cut-off line quadrant. 

Summary statistics for this site are given in Table 10-34. 
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Table 10-34: Global and quadrant proportions of scatter plot results for Chicala, 

Angola site 

Global Proportions 

Sample Size 183 

Group No. % 

A 0 0.00 

B 0 0.00 

C 17 9.00 

C* 11 6.00 

D 155 85.00 

Quadrant Proportions 

Sample Size 28 

Group No. % 

A 0 0.00 

B 0 0.00 

C 17 61.00 

C* 11 39.00 

 

Sixty-one percent (61%) of the data points within the cut-off line quadrant were 

classified as Group C, and the remaining 39% of data points were classified as Group 

C*. Table 10-35 shows that these Group C and Group C* depths were much shallower 

than the SPT refusal depths. The raw data in Appendix A.14 showed that the SPT N 

values increased slowly with very little scatter in the results and depth of refusal. On 
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Figure 10-14: DPSH n versus DPSH n+1 scatter plot of Chicala, Angola site 
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the other hand, the DPSH n values increased rapidly. Some of the DPSH n profiles 

increase to refusal at shallower depths than the others. Very little data was available to 

explain these trends as the borehole logs were limited. These shallow ‘spikes’ in the 

DPSH tests are likely due to a rapid build-up of rod friction at random depths below 

surface. For the few Group C* ‘spikes’ (i.e. the ‘spike’ was immediately followed by a 

dip in blow count) blow counts soon increased again. 

Table 10-35: Details of Group C and Group C* data points recorded for Chicala, 

Angola site 

Test No. Depth (Z, m) 
Group C 

DPSH n DPSH n+1 

D1 3.3 35 53 

D1 8.4 34 70 

D1 9.6 47 68 

D1 9.9 68 91 

D2 3.9 75 99 

D3 2.7 59 74 

D3 3.0 74 97 

D4 3.0 36 57 

D5 3.0 37 57 

D5 10.8 131 165 

D6 3.0 32 60 

D6 6.9 63 79 

D7 3.3 41 54 

D7 3.6 54 76 

D8 1.8 37 55 

D8 3.9 54 71 

D8 6.0 93 124 

Test No. Depth (Z, m) 
Group C* 

DPSH n DPSH n+1 

D1 3.9 54 88 

D1 5.1 48 78 

D1 6.9 50 90 

D1 7.5 50 72 

D1 8.7 70 90 

D2 1.8 40 59 

D2 3.0 50 95 

D3 2.1 44 96 

D4 1.8 24 110 

D5 1.8 36 57 

D7 2.1 41 59 
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10.2.7 Parow, Cape Town 

Below layers of asphalt and fill materials were transported sandy, slightly clayey, silt 

and silty fine sand layers. This was followed by residual slightly clayey silt which 

tended towards completely weathered very soft rock shale with depth and was 

succeeded by rock of the Malmesbury Group. In Table 10-36 below, it can be seen that 

the four SPTs executed on the Parow, Cape Town site reached refusal at depths below 

ground level ranging between 10.00 – 15.00m. Therefore, the average SPT refusal 

depth, 𝜇, was determined as 13.00m. The standard deviation, 𝜎, was 2.12m, and the 

coefficient of variation, 𝐶𝑉, was calculated as 16%. Therefore DPSH ‘spikes’ at depths 

greater than or equal to 8.76m would be classified as Group B; and ‘spikes’ at depths 

greater than or equal to 10.88m would classify as Group A. DPSH ‘spikes’ shallower 

than 8.76m would be classified as either Group C or C*. 

Table 10-36: SPT refusal depths on Parow, Cape Town site (see Appendix A.15 for 

full SPT log) 

Borehole Refusal Depth (m) 

BH1 10.00 

BH2 15.00 

BH3 13.50 

BH4 13.50 

Average SPT 

refusal depth (𝜇, m) 

13.00 

 

Figure 10-15 illustrates the 39 DPSH n versus DPSH n+1 data points from the Parow, 

Cape Town site. Six data points fell within the cut-off line quadrant. Summary statistics 

for this site are given in Table 10-37. 
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Table 10-37: Global and quadrant proportions of scatter plot results for Parow, Cape 

Town site 

Global Proportions 

Sample Size 39 

Group No. % 

A 0 0.00 

B 0 0.00 

C 5 13.00 

C* 1 3.00 

D 33 84.00 

Quadrant Proportions 

Sample Size 6 

Group No. % 

A 0 0.00 

B 0 0.00 

C 5 83.00 

C* 1 17.00 

 

Eighty-three percent (83%) of the data points within the cut-off line quadrant were 

classified as Group C. And 17% as Group C*. Table 10-38 shows that these Group C 

and Group C* depths were much shallower than the SPT refusal depths. The borehole 

logs (see Appendix B.14) indicated that at 3m below ground level evidence of a remnant 

bedding structure was observed, which may have influenced the ‘spikes’ in the DPSH 
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Figure 10-15: DPSH n versus DPSH n+1 scatter plot of Parow, Cape Town site 
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tests. However, the raw data in Appendix A.15 showed that the SPT N values increased 

at a slower rate with depth in comparison to the DPSH n values. Therefore, ‘spikes’ in 

DPSH tests were also likely due to a rapid build-up of rod friction at random depths 

below surface. For the Group C* ‘spike’ (i.e. the ‘spike’ was immediately followed by 

a dip in blow count) blow counts soon increased again. 

Table 10-38: Details of Group C and Group C* data points recorded for Parow, Cape 

Town site 

Test No. Depth (Z, m) 
Group C 

DPSH n DPSH n+1 

BH1 4.5 48 69 

BH1 4.8 69 90 

BH2 3.6 38 53 

BH2 3.9 53 79 

BH3 3.0 29 54 

Test No. Depth (Z, m) 
Group C* 

DPSH n DPSH n+1 

BH1 3.6 31 56 

 

10.2.8 Milnerton Refinery, Cape Town 

The site consisted of a transported variably clayey sand and very slightly silty sand 

layer, followed by residual, very stiff, clayey silt material from the Malmesbury Group. 

Further below rock of the Malmesbury Group was encountered. The two SPTs executed 

on the Milnerton Refinery, Cape Town site reached refusal at depths below ground level 

ranging between 6.45 – 7.45m and had an average SPT refusal depth, 𝜇, of 6.95m (see 

Table 10-39). The standard deviation, 𝜎, was 0.71m and the coefficient of variation, 

𝐶𝑉, was calculated as 10%. Therefore DPSH ‘spikes’ at depths greater than or equal to 

5.53m would be classified as Group B; and ‘spikes’ at depths greater than or equal to 

6.24m would classify as Group A. DPSH ‘spikes’ shallower than 5.53m would be 

classified as either Group C or C*. 
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Table 10-39: SPT refusal depths on Milnerton Refinery, Cape Town site (see 

Appendix A.16 for full SPT log) 

Borehole Refusal Depth (m) 

BH1 7.45 

BH2 6.45 

Average SPT 

refusal depth (𝜇, m) 

6.95 

 

Figure 10-16 illustrates the 27 DPSH n versus DPSH n+1 data points from the 

Milnerton Refinery, Cape Town site. Three data points fell within the cut-off line 

quadrant. Summary statistics for this site are given in Table 10-40. 
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Figure 10-16: DPSH n versus DPSH n+1 scatter plot of Milnerton Refinery, 

Cape Town site 
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Table 10-40: Global and quadrant proportions of scatter plot results for Milnerton 

Refinery, Cape Town site 

Global Proportions 

Sample Size 27 

Group No. % 

A 0 0.00 

B 0 0.00 

C 1 4.00 

C* 2 7.00 

D 24 89.00 

Quadrant Proportions 

Sample Size 3 

Group No. % 

A 0 0.00 

B 0 0.00 

C 1 33.00 

C* 2 67.00 

 

Of the data points within the cut-off line quadrant, 33% was classified as Group C and 

67% was classified as Group C*. Table 10-41 shows the depths at which these Group 

C and Group C* data points were recorded. The soil profile (see Chapter 9.15) 

described a transported variably clayey sand and very slightly silty sand layer that 

contained scattered quartz gravel and calcified fragments between 1.6 – 4.0m below 

ground level. These hard zones were likely the reason for the recorded Group C* 

‘spikes’. The Group C data point was recorded at a depth of 3.6m during test D3, and 

the DPSH n values progressively increased until refusal at a depth of 3.9m. The raw 

data in Appendix A.16 showed that the SPT N values increased at a slower rate with 

depth in comparison to the DPSH n values. Therefore, the Group C ‘spike’ is a likely 

indicator of rod friction build up during probing. 
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Table 10-41: Details of Group C and Group C* data points recorded for Milnerton 

Refinery, Cape Town site 

Test No. Depth (Z, m) 
Group C 

DPSH n DPSH n+1 

D3 3.6 42 58 

Test No. Depth (Z, m) 
Group C* 

DPSH n DPSH n+1 

D1 2.1 40 65 

D3 2.4 45 57 

 

10.2.9 Mt Edgecombe Interchange, Umhlanga 

The site consisted several layers, namely a topsoil, imported sand, aeolian and alluvial 

Berea Formation sand, transported and residual silty clayey sands and two typical rock 

horizons; sandstone of the Vryheid Formation and mudstone of the Pietermaritzburg 

Formation. Table 10-42 shows that the 15 SPTs executed on the Mt Edegecombe 

Interchange, Umhlanga site reached refusal at depths below ground level ranging 

between 20.00 – 59.00m. Therefore, the average SPT refusal depth, 𝜇, was determined 

as 39.77m. The standard deviation, 𝜎, was 12.36m, and the coefficient of variation, 𝐶𝑉, 

was calculated as 31%. Therefore DPSH ‘spikes’ at depths greater than or equal to 

15.05m would be classified as Group B; and ‘spikes’ at depths greater than or equal to 

27.41m would classify as Group A. DPSH ‘spikes’ shallower than 15.05m would be 

classified as either Group C or C*. The site investigation was commenced over a large 

area and thus more accurate results may have been determined with localized test pairs, 

however no information was obtained regarding test locations, therefore a global site 

assessment was performed. 
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Table 10-42: SPT refusal depths on Mt Edgecombe Interchange, Umhlanga site (see 

Appendix A.17 for full SPT log) 

Borehole Refusal Depth (m) 

AC2 30.0 

AC7 25.0 

B1 28.5 

B4 28.5 

BD1 31.5 

BD9 33.0 

BD25 51.0 

BD12 20.0 

D1 51.0 

D3 43.0 

D5 54.0 

DB1 59.0 

DB3 53.0 

DB6 47.0 

DB11 42.0 

Average SPT 

refusal depth (𝜇, m) 
39.77 

 

Figure 10-17 shows the 418 DPSH n versus DPSH n+1 data points from the Mt 

Edgecombe Interchange, Umhlanga site. Twenty-four (24) data points fell within the 

cut-off line quadrant. Summary statistics for this site are given in Table 10-43. 
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Table 10-43: Global and quadrant proportions of scatter plot results for Mt 

Edgecombe Interchange, Umhlanga site 

Global Proportions 

Sample Size 418 

Group No. % 

A 0 0.00 

B 1 1.00 

C 22 5.00 

C* 1 1.00 

D 394 93.00 

Quadrant Proportions 

Sample Size 24 

Group No. % 

A 0 0.00 

B 1 4.00 

C 22 92.00 

C* 1 4.00 

 

The proportions of data points within the cut-off line quadrant indicated that four 

percent (4%) satisfied the Group B classification conditions, 92% satisfied the Group 

C classification conditions and 4% satisfied the Group C* classification conditions. The 

single Group B data point from this site coincided with the final two blow counts of 

DPSH test BD9, which indicated refusal, and therefore was good evidence for the 
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Figure 10-17: DPSH n versus DPSH n+1 scatter plot of Mt Edgecombe 

Interchange, Umhlanga 
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proposed DPSH refusal criteria. However, Table 10-44 shows that the Group C and 

Group C* data point depths were much shallower than the SPT refusal depths. There 

was no evidence in the borehole logs of hard zones at shallow depths and these ‘spikes’ 

in DPSH tests are likely due to a rapid build-up of skin friction along the extension rods 

at random depths below surface. The Group C* ‘spike’ followed by a dip in blow count 

soon increased again and was not an indication of refusal. 

Table 10-44: Details of Group C and Group C* data points recorded for Mt 

Edgecombe Interchange, Umhlanga site 

Test No. Depth (Z, m) 
Group C 

DPSH n DPSH n+1 

AC2 11.4 61 100 

AC7 13.8 81 100 

B1 6.9 45 100 

B4 5.1 42 54 

B4 5.4 54 100 

BD1 4.8 45 61 

BD1 5.1 61 100 

BD25 4.5 59 100 

D1 8.4 61 100 

D3 6.3 71 100 

D5 4.8 56 72 

DB1 6.0 64 100 

DB3 4.8 59 100 

DB6 3.6 35 82 

DB11 9.6 74 100 

M41/6m 6.0 48 100 

M41/24m 5.7 37 54 

M41/24m 6.3 62 100 

N2/SW 6.9 47 59 

N2/SW 7.2 59 100 

N2/NE 4.8 45 61 

N2/NE 5.4 71 100 

Test No. Depth (Z, m) 
Group C* 

DPSH n DPSH n+1 

DB11 3.6 35 50 
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10.2.10 West Coast, Lutzville, Western Cape 

Probing on site was carried out through end tipped uniformly graded sands. Table 10-

45 shows that the two SPTs executed on the West Coast, Lutzville site reached refusal 

at depths below ground level ranging between 20.26 – 28.26m, with an average SPT 

refusal depth, 𝜇, of 24.26m. The standard deviation, 𝜎, was 5.66m and the coefficient 

of variation, 𝐶𝑉, was calculated as 23%. Therefore DPSH ‘spikes’ at depths greater 

than or equal to 12.94m would be classified as Group B; and ‘spikes’ at depths greater 

than or equal to 18.6m would classify as Group A. DPSH ‘spikes’ shallower than 

12.94m would be classified as either Group C or C*. 

Table 10-45: SPT refusal depths on West Coast, Lutzville site (see Appendix A.18 for 

full SPT log) 

Borehole Refusal Depth (m) 

E Dam B1 28.26 

W Dam C1 20.26 

Average SPT 

refusal depth (𝜇, m) 

24.26 

 

Figure 10-18 shows the 352 DPSH n versus DPSH n+1 data points from the West Coast, 

Lutzville site. Nineteen (19) of the data points fell within the cut-off line quadrant. 

Summary statistics for this site are given in Table 10-46. Twenty-one percent (21%) of 

data points in the cut-off line quadrant satisfied Group A refusal criteria, with a further 

5% classified as Group B. Forty-two percent (42%) of data points within the quadrant 

satisfied Group C refusal criteria and 32% of data points were classified according to 

Group C* criteria. 
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Table 10-46: Global and quadrant proportions of scatter plot results for West Coast, 

Lutzville site 

Global Proportions 

Sample Size 352 

Group No. % 

A 4 1.00 

B 1 1.00 

C 8 2.00 

C* 6 2.00 

D 333 94.00 

Quadrant Proportions 

Sample Size 19 

Group No. % 

A 4 21.00 

B 1 5.00 

C 8 42.00 

C* 6 32.00 

 

Group A data points were for tests E-C1 and E-D2. DPSH ‘spikes’ in test E-C1 occurred 

at 31.8m and 32.4m, with the latter indicative of refusal, which corroborated well with 

the proposed DPSH refusal criteria. DPSH ‘spikes’ in test E-D2 occurred at 24.9m and 

26.7m, with the latter indicative of refusal. The DPSH ‘spike’ at 24.9m was recorded 

before test completion, but was a good indicator of probing through competent material 
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Figure 10-18: DPSH n versus DPSH n+1 scatter plot of West Coast, Lutzville 

site 
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with refusal reached after probing a further 1.8m. The single Group B ‘spike’ was for 

test W-D1 at 13.2 m, which was the final two blow counts of the test and therefore good 

evidence for the proposed DPSH refusal criteria. However, the quadrant proportions 

showed the majority of DPSH ‘spikes’ were recorded at depths shallower than 12.94m 

(i.e. Z < 𝜇 − 2𝜎). Table 10-47 records the depths at which these Group C and Group 

C* spikes occurred. There was no evidence in the raw data (see Appendix A.18) of 

consistent hard zones through the profile. The ‘spikes’ in DPSH tests were likely due 

to an increase of skin friction along the extension rods at random depths below surface. 

The Group C* ‘spikes’ followed by a dip in blow count soon increased again and was 

not an indication of refusal. 

Table 10-47: Details of Group C and Group C* data points recorded for West Coast, 

Lutzville site 

Test No. Depth (Z, m) 
Group C 

DPSH n DPSH n+1 

E-A1 3.3 30 70 

E-B1 7.2 35 75 

W-A1 3.3 35 60 

W-B1 9.0 64 90 

W-C1 3.0 40 55 

W-C1 9.6 38 90 

W-D1 11.7 40 60 

W-D1 12.9 55 69 

Test No. Depth (Z, m) 
Group C* 

DPSH n DPSH n+1 

E-C1 1.5 40 70 

E-C1 6.0 40 70 

W-B1 7.8 34 65 

W-B1 8.4 49 70 

W-C1 5.4 39 60 

W-C1 6.0 36 65 

 

10.2.11 Gope, Central Kalahari Game Reserve, Botswana 

The site typically consisted of two material types – sands and calcified sands. There 

was a large distance between test pairs. Table 10-48 shows the area groupings of SPT 

and DPSH tests that were performed in near enough vicinity to assume homogeneity of 
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geotechnical parameters. In Area 1, Area 2 and Area 3 more than one SPT was 

performed, while in Area 4, Area 5 and Area 6 only one SPT was performed. Table 10-

49 shows the SPT refusal depths within each area. Area 1 had an average SPT refusal 

depth, 𝜇, of 8.25m. The standard deviation, 𝜎, was 0.87m and the coefficient of 

variation, 𝐶𝑉, was calculated as 10%. Area 2 had an average SPT refusal depth, 𝜇, of 

19.75m. The standard deviation, 𝜎, was 15.20m and the coefficient of variation, 𝐶𝑉, 

was calculated as 77%. Area 3 had an average SPT refusal depth, 𝜇, of 15.25m. The 

standard deviation, 𝜎, was 8.84m and the coefficient of variation, 𝐶𝑉, was calculated 

as 58%. The average coefficient of variation, 𝐶𝑉̅̅ ̅̅ , of all non-cohesive sites was 

determined to calculate the refusal depth standard deviation, 𝜎, for the areas with only 

one SPT. Table 10-50 presents the coefficient of variation, 𝐶𝑉, of all non-cohesive sites 

that executed more than one SPT. The average coefficient of variation, 𝐶𝑉̅̅ ̅̅ , was 

determined as 30%. By substituting the necessary parameters into Equation 21, the 

standard deviation, 𝜎, for Area 4, Area 5 and Area 6 was calculated as 9.15m, 4.57m 

and 5.49m, respectively. 

Table 10-48: Penetration test area groupings for Gope, Botswana site 

Area SPT Test DPSH Test 

Area 1 - B-ES1 

- B-ES7 

- B-ES9 

- B-ES1 

- B-ES7 

- B-ES9 

Area 2 - B-Plant1 

- BHC1 

- DPSH15 

- DPSH8 

Area 3 - B-Plant2 

- BHP2 

- DPSH9 

Area 4 - B-Crusher - Crush1 

- Crush2 

- Crush3 

- Crush4 

Area 5 - B-EMV - EMV2 

- EMV5 

- EMV1 

Area 6 - B-DPSH33 - DPSH33 
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Table 10-49: SPT refusal depths on Gope, Botswana site (see Appendix A.19 for full 

SPT log) 

Area 1 

Borehole Refusal Depth (m) 

B-ES1 9.00 

B-ES7 7.50 

B-ES9 9.00 

Average SPT 

refusal depth (𝜇, m) 

8.25 

Area 2 

Borehole Refusal Depth (m) 

B-Plant1 30.50 

BHC1 9.00 

Average SPT 

refusal depth (𝜇, m) 

19.75 

Area 3 

Borehole Refusal Depth (m) 

B-Plant2 21.50 

BHP2 9.00 

Average SPT 

refusal depth (𝜇, m) 

15.25 

Area 4 

Borehole Refusal Depth (m) 

B-Crusher 30.00 

Area 5 

Borehole Refusal Depth (m) 

B-EMV 15.00 

Area 6 

Borehole Refusal Depth (m) 

B-DPSH33 18.00 
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Table 10-50: Coefficient of variation, 𝐶𝑉, of all non-cohesive sites that did more than 

one SPT 

Test Site 
Coefficient of 

Variation, 𝑪𝑽 

Parktown, Johannesburg 0.23 

Chloorkop, Johannesburg 0.60 

Matola, Maputo, Mozambique 0.12 

Matutuine, Maputo Province, 

Mozambique 

0.45 

Umdloti, KwaZulu-Natal 0.21 

Chicala, Ilha de Luanda, Angola 0.09 

Parow, Cape Town 0.16 

Milnerton Refinery, Cape Town 0.10 

Mt Edgecombe Interchange, Umhlanga 0.35 

Gope, Botswana (Area 1) 0.10 

Gope, Botswana (Area 2) 0.77 

Gope, Botswana (Area 3) 0.58 

West Coast, Lutzville, Western Cape 0.23 

Average Coefficient of Variation (𝐶𝑉̅̅ ̅̅ ) 0.30 

 

Figure 10-19 shows the 276 DPSH n versus DPSH n+1 data points from the Gope, 

Botswana site. Thirty-seven (37) of the data points fell within the cut-off line quadrant. 

Summary statistics for this site are given in Table 10-51. Eight percent (8%) of data 

points in the cut-off line quadrant satisfied Group A refusal criteria, with a further 19% 

classified as Group B. Sixty-eight percent (68%) of data points within the quadrant 

satisfied Group C refusal criteria and 5% of data points were classified according to 

Group C* criteria. 
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Table 10-51: Global and quadrant proportions of scatter plot data points for Gope, 

Botswana site 

Global Proportions 

Sample Size 276 

Group No. % 

A 3 1.00 

B 7 3.00 

C 25 9.00 

C* 2 1.00 

D 239 86.00 

Quadrant Proportions 

Sample Size 37 

Group No. % 

A 3 8.00 

B 7 19.00 

C 25 68.00 

C* 2 5.00 

 

DPSH ‘spikes’ from Area 1 (where SPT refusal statistics were: 𝜇 = 8.25m, 𝜎 = 0.87m 

and 𝐶𝑉 = 10%) at depths greater than or equal to 6.52m would be classified as Group 

B; and ‘spikes’ at depths greater than or equal to 7.38m would classify as Group A. 

DPSH ‘spikes’ shallower than 6.52m would be classified as either Group C or C*. The 

resulting DPSH n versus DPSH n+1 scatter plot showed that two Group A data points, 
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Figure 10-19: DPSH n versus DPSH n+1 scatter plot of Gope, Botswana site 
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four Group C data points and one Group C* data point were found in Area 1. DPSH 

‘spikes’ from Area 2 (where SPT refusal statistics were: 𝜇 = 19.75m, 𝜎 = 15.20m and 

𝐶𝑉 = 77%) at depths greater than or equal to 0.00m classified as Group B; and ‘spikes’ 

at depths greater than or equal to 4.55m classified as Group A. The considerable 

standard deviation from the mean SPT refusal depth, meant no DPSH ‘spikes’ would 

be classified as either Group C or C*. The scatter plot showed that one Group A data 

point and four Group B data points were found in Area 2. DPSH ‘spikes’ from Area 3 

(where SPT refusal statistics were: 𝜇 = 15.25m, 𝜎 = 8.84m and 𝐶𝑉 = 58%) at depths 

greater than or equal to 0.00m classified as Group B; and ‘spikes’ at depths greater than 

or equal to 6.41m classified as Group A. As a result of the considerable standard 

deviation from the mean SPT refusal depth, no DPSH ‘spikes’ would be classified as 

Group C or C*. The scatter plot showed that one Group B data point was found in Area 

3. DPSH ‘spikes’ from Area 4 (where SPT refusal statistics were: 𝜇 = 30.00m, 𝜎 = 

9.15m and 𝐶𝑉 = 30%) at depths greater than or equal to 11.70m classified as Group B; 

and ‘spikes’ at depths greater than or equal to 20.85m classified as Group A. DPSH 

‘spikes’ shallower than 11.70m classified as either Group C or C*. The scatter plot 

showed that nine Group C data points were found in Area 4. DPSH ‘spikes’ from Area 

5 (where SPT refusal statistics were: 𝜇 = 15.00m, 𝜎 = 4.57m and 𝐶𝑉 = 30%) at depths 

greater than or equal to 5.85m classified as Group B; and ‘spikes’ at depths greater than 

or equal to 10.43m classified as Group A. DPSH ‘spikes’ shallower than 5.85m 

classified as either Group C or C*. The scatter plot showed that two Group B data points 

and three Group C data points were found in Area 5. DPSH ‘spikes’ in Area 6 (where 

SPT refusal statistics were: 𝜇 = 18.00m, 𝜎 = 5.49m and 𝐶𝑉 = 30%) at depths greater 

than or equal to 7.02m classified as Group B; and ‘spikes’ at depths greater than or 

equal to 12.51m classified as Group A. DPSH ‘spikes’ shallower than 7.02m classified 

as either Group C or C*. The scatter plot showed that two Group C data points and one 

Group C* data point were found in Area 6. 

The large area of the Gope, Botswana site led to a considerable degree of scatter in 

DPSH and SPT results. However, the general trend observed was that the DPSH n 

values increased at a faster rate in comparison to the SPT N values. This suggested that 

the shallow ‘spikes’ in the DPSH tests were likely due to a rapid build-up of rod friction 

at random depths below surface. 
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10.2.12 Dunkeld, Johannesburg 

The site soil consisted of a hillwash clayey coarse grained sand layer, and was followed 

by layers of clayey silty sand from reworked residual granite becoming residual granite 

with depth. The SPT raw data (see Appendix A.20) indicated that only one SPT was 

executed on the Dunkeld, Johannesburg site and probed to a depth of 5.45m below 

ground level, but did not reach refusal (i.e. SPT N values less than 50). However, this 

was the only data available and therefore the average SPT refusal depth, 𝜇, was assumed 

as 5.45m. Table 10-50 in Chapter 10.2.11 showed that the average coefficient of 

variation, 𝐶𝑉̅̅ ̅̅ , on non-cohesive sites was determined as 30%. By substituting the 

necessary parameters into Equation 21, the standard deviation, 𝜎, from the SPT refusal 

depth for the Dunkeld, Johannesburg site was calculated as 1.66m. Therefore DPSH 

‘spikes’ at depths greater than or equal to 2.13m would be classified as Group B; and 

‘spikes’ at depths greater than or equal to 3.79m would classify as Group A. DPSH 

‘spikes’ shallower than 2.13m would be classified as either Group C or C*. 

Figure 10-20 shows the 61 DPSH n versus DPSH n+1 data points from the Dunkeld, 

Johannesburg site. Two of the data points fell within the cut-off line quadrant. Summary 

statistics for this site are given in Table 10-53. Both points matched the grouping 

conditions for Group A. Thus, both DPSH ‘spikes’ were in close proximity to the 

refusal depth suggested by the SPT. However, the raw data obtained from the Dunkeld, 

Johannesburg site was a relatively small sample size compared to other non-cohesive 

sites. Both Group A points contained the only blow counts greater than or equal to 50 

recorded across all three DPSH tests (see Appendix A.20). This highlighted the 

importance of executing more than one respective penetration test and probing until 

refusal is reached to effectively correlate the penetration testing methods. 
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Table 10-52: Global and quadrant proportions of scatter plot data points for Dunkeld, 

Johannesburg site 

Global Proportions 

Sample Size 61 

Group No. % 

A 2 3.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

D 59 97.00 

Quadrant Proportions 

Sample Size 2 

Group No. % 

A 2 100.00 

B 0 0.00 

C 0 0.00 

C* 0 0.00 

 

10.2.13 Glenhazel, Johannesburg 

The site consisted of an initial silty sand and gravel fill material, which was followed 

by a hillwash silty sand and transitioned to a layer of reworked residual granite. The 

SPT raw data (see Appendix A.21) indicated that only one SPT was executed on the 
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Figure 10-20: DPSH n versus DPSH n+1 scatter plot of Dunkeld, Johannesburg 

site 
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Glenhazel, Johannesburg site and probed to a depth of 4.45m below ground level, but 

had not reached refusal (i.e. SPT N values were less than 50). However, this was the 

only data available and therefore the average SPT refusal depth, 𝜇, was assumed as 

4.45m for the purpose of this study. Table 10-50 in Chapter 10.2.11 showed that the 

average coefficient of variation, 𝐶𝑉̅̅ ̅̅ , on non-cohesive sites was determined as 30%. By 

substituting the necessary parameters into Equation 21, the standard deviation, 𝜎, from 

the SPT refusal depth for the Glenhazel, Johannesburg site was calculated as 1.36m. 

Therefore DPSH ‘spikes’ at depths greater than or equal to 2.13m would be classified 

as Group B; and ‘spikes’ at depths greater than or equal to 3.79m would classify as 

Group A. DPSH ‘spikes’ shallower than 2.13m would be classified as either Group C 

or C*. 

Figure 10-21 shows the 87 DPSH n versus DPSH n+1 data points from the Dunkeld, 

Johannesburg site. Two of the data points fell within the cut-off line quadrant. Summary 

statistics for this site are given in Table 10-54. One data point matched the grouping 

conditions for Group A and the other satisfied the Group C refusal criteria. The raw 

data obtained from the Glenhazel, Johannesburg site was a relatively small sample size 

compared to other non-cohesive sites. This highlighted the importance of executing 

more than one respective penetration test and probing until refusal is reached to 

effectively correlate the penetration testing methods. 
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Table 10-53: Global and quadrant proportions of scatter plot data points for 

Glenhazel, Johannesburg site 

Global Proportions 

Sample Size 87 

Group No. % 

A 1 1.00 

B 0 0.00 

C 1 1.00 

C* 0 0.00 

D 85 98.00 

Quadrant Proportions 

Sample Size 2 

Group No. % 

A 1 50.00 

B 0 0.00 

C 1 50.00 

C* 0 0.00 

 

10.2.14 Bellville, Cape Town 

The site was characterised by transported material described as fine to medium quartz 

sand that became more competent with depth. The SPT raw data (see Appendix A.22) 

indicated that only one SPT was executed on the Bellville, Cape Town site and reached 
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refusal at 6.80m. Table 10-50 in Chapter 10.2.11 showed that the average coefficient 

of variation, 𝐶𝑉̅̅ ̅̅ , on non-cohesive sites was determined as 30%. The standard deviation, 

𝜎, from the SPT refusal depth was calculated as 2.07m. Therefore DPSH ‘spikes’ at 

depths greater than or equal to 2.65m would be classified as Group B; and ‘spikes’ at 

depths greater than or equal to 4.73m would classify as Group A. DPSH ‘spikes’ 

shallower than 2.65m would be classified as either Group C or C*. 

Figure 10-22 shows the 37 DPSH n versus DPSH n+1 data points from the Dunkeld, 

Johannesburg site. Two data points fell within the cut-off line quadrant and were both 

classified as Group A. Summary statistics for this site are given in Table 10-54. 

 

 

 

 

 

 

 

0

10

20

30

40

50

60

70

80

0 10 20 30 40 50 60 70 80

D
P

S
H

 n
+

1

DPSH n

DPSH n vs. DPSH n+1

A

B

C

C*

D

Cut-Off Line

Figure 10-22: DPSH n versus DPSH n+1 scatter plot of Bellville, Cape Town 

site 

Stellenbosch University https://scholar.sun.ac.za



171 

 

Table 10-54: Global and quadrant proportions of scatter plot data points for Bellville, 

Cape Town site 

Global Proportions 

Sample Size 87 

Group No. % 

A 1 1.00 

B 0 0.00 

C 1 1.00 

C* 0 0.00 

D 85 98.00 

Quadrant Proportions 

Sample Size 2 

Group No. % 

A 1 50.00 

B 0 0.00 

C 1 50.00 

C* 0 0.00 

 

Both DPSH ‘spikes’ were in close proximity to the refusal depth suggested by the SPT. 

However, the raw data obtained from the Bellville, Cape Town site was a relatively 

small sample size compared to other non-cohesive sites. Both Group A points contained 

the only blow counts greater than or equal to 50 recorded across all three DPSH tests 

(see Appendix A.22). This again highlighted the importance of executing more than 

one respective penetration test and probing until refusal is reached to effectively 

correlate the penetration testing methods. 

10.2.15 Combined Non-Cohesive Material Sites 

A combined scatter plot of the DPSH n versus DPSH n+1 data points for all fourteen 

non-cohesive sites is given in Figure 10-23. A summary of classifications is given in 

Table 10-55. Of the 3020 DPSH n versus DPSH n+1 data points for non-cohesive 

material sites, 15% classified as Group A points, and 11% classified as Group B points. 

The majority (56%) classified as Group C and 18% classified as Group C*. Thus the 

majority of ‘spikes’ occurred at shallower depths than refusal depths determined from 

the SPT. In some cases these ‘spikes’ could be linked to competent zones at depths 

shallower than refusal. However, the majority were likely due to rapid increases in rod 
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friction as material collapsed onto the rods at random depths. For non-cohesive soils 

the DPSH appears to be a poor tool to ascertain the presence of competent layers. 

 

 

 

 

 

Table 10-55: Combined global and quadrant proportions of scatter plot data points for 

all fourteen non-cohesive material sites 

Global Proportions 

Sample Size 3020 

Group No. % 

A 27 1.00 

B 20 1.00 

C 102 3.00 

C* 32 1.00 

D 2839 94.00 

Quadrant Proportions 

Sample Size 181 

Group No. % 

A 27 15.00 

B 20 11.00 

C 102 56.00 

C* 32 18.00 
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Figure 10-23: Combined DPSH n versus DPSH n+1 scatter plot of all fourteen non-

cohesive material sites 
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PART 4: CONCLUSIONS AND RECOMMENDATIONS 

This research aimed to explore geotechnical investigation methods, specifically 

dynamic penetration testing procedures, with the scope focused on the interpretation of 

DPSH and SPT penetration values. The first part of this research sought to calibrate a 

novel offshore DPSH rig and the second to evaluate DPSH refusal. 

 Conclusions 

11.1 Calibration of an Offshore DPSH Rig 

A local marine construction and commercial diving service provider developed an 

offshore DPSH rig and requested assistance with calibration. The rig had a steel 

chamber, which enclosed a chain driven hammer mechanism so it could operate in an 

underwater environment. Dynamic penetration testing methods are not common in the 

offshore geotechnical engineering industry. This device could potentially provide a 

more cost-effective test compared to current offshore in-situ tests.  

Due to time constraints (related to the 2020 pandemic), limited testing was executed 

with the offshore DPSH rig. However, the data obtained was sufficient to draw 

important conclusions. While the offshore DPSH rig produced similar penetration 

profiles to the standard DPSH rig, the DPSH n values from the offshore rig were 

consistently greater than that of the standard rig. This suggested that the offshore rig 

was less efficient at transferring energy. By calculating an energy dissipation ratio 

(𝐸𝐷𝑅), it was shown that the offshore device was delivering roughly 60% of the energy 

delivered by the standard rig per 300 mm penetration. As the anvil and steel chamber 

are one, energy is dissipated into the steel chamber reducing the amount of energy 

reaching the rods. This was clear from observing how the steel chamber vibrated 

following each hammer blow. 
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11.2 Interpretation of DPSH Refusal 

Research was undertaken to assess refusal conditions for the DPSH test in relation to 

the SPT test. Data from 21 sites across Southern Africa, in which both the DPSH and 

SPT were performed, were analysed along with borehole and test pit logs. Each site 

was considered separately and then trends for cohesive and non-cohesive sites grouped 

and discussed. Site classification was based on whether the ground profile of a 

respective site consisted mainly of fine grained soils (i.e. silts and clays) or coarse-

grained soils (i.e. sands and gravels). Seven sites were classified as cohesive and 

fourteen sites were classified as non-cohesive. 

The SPT tests performed in cohesive soils reached refusal at depths that showed 

minimal deviation. The average standard deviation, 𝜎, across all cohesive soils (where 

more than one SPT was performed) was determined as 1.19m, with an average 

coefficient of variation, 𝐶𝑉̅̅ ̅̅ , of 23%. Whereas, the average standard deviation, 𝜎, for all 

the non-cohesive sites (where more than one SPT was performed) was calculated as 

4.38m, with an average coefficient of variation, 𝐶𝑉̅̅ ̅̅ , of 30%. Non-cohesive soils 

showed a greater degree of variation in SPT refusal depths, in comparison to the 

cohesive soils in this study. The high degree of variation in non-cohesive soils was 

heavily influenced by two sites; namely Mt Edgecombe Interchange, Umhlanga and 

Gope, Central Kalahari Game Reserve, Botswana. SPTs reached refusal at depths 

between 20.00 – 59.00m on the site, with a considerable standard deviation, 𝜎, of 

12.36m. The Mt Edgecombe Interchange, Umhlanga site was over a large area and thus 

lower variability could be obtained if localized test pairs were considered, however this 

information was not available. The soil was largely homogenous across the site but 

refusal varied. On the Gope, Botswana site large distance between test pairs resulted in 

the site being divided into six areas. Areas where SPT and DPSH tests were performed 

in near enough vicinity were grouped together. Areas where more than one SPT was 

performed had standard deviations from mean SPT refusal depths ranging from 0.87m 

– 15.20m, with coefficients of variation ranging from 10% – 77%. These factors largely 

contributed to the high degree of variation in SPT refusal depths for non-cohesive sites. 
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DPSH data was assessed by producing scatter plots of each DPSH n value against the 

next DPSH n value (termed DPSH n+1) for all cohesive and non-cohesive sites. The 

scatter plot highlighted ‘spikes’ in blow count that may suggest refusal. A cut-off line, 

𝑓(𝑥), was included in the scatter plots, the function thereof is shown in Chapter 6.3, 

Table 6-2. The cut-off line was defined as DPSH n values that suddenly increased by a 

factor of 1.25 (termed ‘ratio of refusal’) and were greater than or equal to 50. Data 

points within the cut-off line quadrant indicated ‘spikes’ in DPSH n values that may 

have suggested DPSH refusal. 

The proposed DPSH refusal criteria was assessed by comparing depths at which 

‘spikes’ occurred to the average SPT refusal depth for each site. Data points were 

grouped according to a set of conditions presented in Chapter 6.3, Table 6-3. The 

grouping conditions provided a good indication of the relationship between DPSH and 

SPT refusal conditions. Group A points represented ‘spikes’ in DPSH n values at depths 

greater than or equal to one standard deviation above the mean SPT refusal depths. 

Group B points were recorded at depths greater than or equal to two standard deviations 

above the mean SPT refusal depths. Group C points were recorded at depths shallower 

than two standard deviations from the mean SPT refusal depth. Group C* points 

represented ‘spikes’ followed by a decrease in DPSH n values suggesting DPSH 

probing went through a hard zone. Group D data points did not meet the proposed 

DPSH refusal criteria. The set of conditions which classified the DPSH data points 

assisted in assessing whether ‘spikes’ in blow count were recorded at depths which 

showed good or poor agreement with the SPT refusal depths for each site. 

For the seven cohesive material sites assessed in this study, 8% of DPSH data points 

were within the cut-off line quadrant. Seventy-five percent (75%) of these points 

classified as Group A, and 13% classified as Group B. Six percent (6%) classified as 

Group C and 6% classified as Group C*. Thus for cohesive sites the proposed DPSH 

refusal criteria showed good agreement with the SPT refusal depths. The few Group C 

and Group C* ‘spikes’ were likely due to hard zones (e.g. concretions) encountered at 

shallow depths during a DPSH.  
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For the fourteen non-cohesive material sites assessed in this study, 6% of DPSH data 

points were within the cut-off line quadrant. Fifteen percent (15%) classified as Group 

A points, and 11% classified as Group B. Fifty-six percent (56%) classified as Group 

C and 18% classified as Group C*. Thus for non-cohesive sites the majority of ‘spikes’ 

occurred at shallower depths than refusal depths determined from the SPTs. Recorded 

‘spikes’ could be linked to encountering competent zones at depths shallower than 

refusal, such as pedogenic horizons with higher degrees in fines or gravel fractions (i.e. 

with fines and weak cementations). The depositional environment also leads to 

variability of materials present within a soil profile (such as shells and gravel particles). 

These deposited materials may cause alterations in the soil behaviour which may result 

in spikes in DPSH blow counts. However, the majority of shallow ‘spikes’ were likely 

due to rapid increase in rod friction as material collapsed onto the rods at random 

depths. Thus for non-cohesive sites the proposed DPSH refusal criteria showed poor 

agreement with the SPT refusal depths.  

The proposed refusal criteria should not be seen as criteria for stopping probing but to 

be used following testing to interpret layering. It is important to perform sufficient tests 

on site to identify anomalies within the data and variabilities within the soil profile. It 

was concluded that the DPSH refusal conditions in cohesive soils corroborated well 

with the SPT refusal conditions. However, the DPSH appears to be a poor tool to 

ascertain the presence of competent layers in non-cohesive soils.  
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 Recommendations 

12.1 Calibration of an Offshore DPSH Rig 

The offshore DPSH rig is an exciting development; however, the preliminary testing 

revealed that further research must be carried out to fully develop the device. In addition 

to further comparative tests with the standard configuration, the actual energy transfer 

should be determined using an SPT energy analyser. Once a better understanding of the 

energy output is obtained, testing can proceed to an underwater environment and similar 

testing undertaken. 

12.2 Interpretation of DPSH Refusal 

The DPSH and SPT are popular dynamic in-situ testing methods utilized in Southern 

Africa. Although the tests use the same drop height and hammer mass the measured 

penetration values on a specific site are not equivalent. Thus the equivalence of the two 

tests needs to be investigated and justifies more research into the tests. 

In the case of this study, it is recommended for future research on DPSH refusal 

conditions and SPT refusal conditions to gather more site specific information, such as 

particle size distributions. By formulating a better comparison between qualitative data 

and quantitative data (i.e. a better relationship between soil profile descriptions and 

penetration test results) less uncertainties will be present within the findings, and 

therefore sites can be classified as cohesive or non-cohesive more accurately. It is also 

recommended that further work is done to optimise the cut-off line function, 

specifically the ‘ratio of refusal’, as it was based on an iterative process and a visual 

inspection of classified points in this study. Finally, it is recommended to investigate 

the effects of rod friction during DPSH testing in cohesive and non-cohesive soils and 

assess the influence it has on penetration resistance, as the findings in this study and 

other literature appears divided as to which soil types lead to the development of skin 

friction on extension rods during DP.  
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Appendix A  Raw data 

A.1 Zonnekus Road, Morning Star, Cape Town 

Table A-1: Morning Star offshore DPSH rig blow count per 300mm 

DPSH n Data 

Depth (m) SO_D1 SO_D2 SO_D3 

0.0 0 0 0 

0.3 6 10 27 

0.6 24 18 50 

0.9 16 13 19 

1.2 17 17 19 

1.5 18 18 21 

1.8 18 16 20 

2.1 15 16 20 

2.4 20 19 29 

2.7  18 34 

3.0  18 25 

3.3  18 19 

3.6   22 

3.9   26 

4.2   27 

4.5   30 

4.8   35 

5.1   54 

5.4   61 

5.7   27 

6.0   47 

6.3   39 

6.6   45 

6.9   36 

7.2   24 

7.5   30 

7.8   22 

8.1   34 

8.4   44 

8.7   62 

9.0   76 

 

Table A-2: Morning Star standard DPSH rig blow count per 300mm 

DPSH n Data 

Depth (m) GG_D1 GG_D2 

0.0 0 0 

0.3 12 6 
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0.6 10 9 

0.9 10 10 

1.2 10 11 

1.5 9 11 

1.8 9 13 

2.1 7 13 

2.4 15 11 

2.7 20 15 

3.0  16 

3.3  18 

3.6  23 

3.9  23 

4.2  25 

4.5  21 

4.8  17 

5.1  18 

5.4  19 

5.7  22 

6.0  21 

6.3  21 

6.6  22 

6.9  21 

7.2  22 

7.5  25 

7.8  20 

8.1  19 

8.4  18 

8.7  23 

9.0  20 

9.3  42 

9.6  53 

 

A.2 Newtown, Johannesburg 

Table A-3: Newtown DPSH blow count per 300mm 

DPSH n Data 

Depth (m) DBH1 DBH2 DBH3 DBH4 DBH5 

0.3 

Window 

Sampling 

Window 

Sampling 

Window 

Sampling 

Window 

Sampling 

Window 

Sampling 

0.6 

0.9 

1.2 

1.5 

1.8 

2.1 

2.4 

2.7 

3.0 

3.3 

3.6 

3.9 
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4.2 

4.5 

4.8 

5.1 

5.4 

5.7 

6.0 24 

6.3 59 

6.6 57 

6.9 100 

7.2  7 

7.5  18 

7.8  26 18 

8.1  73 46 

8.4  29 45 

8.7  29 20 

9.0  39 54 

9.3  28 80 

9.6  24 100 

9.9  84  

10.2  64  

10.5 64 24  100  

10.8 71 29    

11.1 68 37    

11.4 50 45    

11.7 60 80    

12.0 65 100    

12.3 100     

 

Table A-4: Newtown SPT blow count 

SPT N Data 

Depth (m) BH1 BH2 BH3 BH4 BH5 

1.45 12 7 11 8 8 

2.45 9 7 8 8 19 

3.45 9 5 5 10 30 

4.45 9 8 51 36 9 

5.00 16   40  

5.45  10 26  30 

5.90   100   

6.05    32  

6.45 25 9   38 

7.05    94 73 

7.45 33 12    

7.65     95 

8.45 33 31    

9.25 32     

9.45  42    

10.05 55     
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10.15  48    

 

A.3 Boksburg East Industrial, Boksburg 

Table A-5: Boksburg DPSH blow count per 300mm 

DPSH n Data 

Depth (m) D1 D2 D3 D4 D5 D6 D7 D8 

0.3 4 Hand Dug 5 5 19 24 20 8 

0.6 10 2 14 3 12 20 20 18 

0.9 11 27 10 3 11 29 22 20 

1.2 9 24 11 19 67 26 10 33 

1.5 14 17 52 27 14 32 10 50 

1.8 49 5 52 34 13 38 29 59 

2.1 47 5 19 15 15 36 52 32 

2.4 49 15 16 9 17 22 100 32 

2.7 41 14 12 10 26 14  36 

3.0 33 8 12 9 38 10  40 

3.3 14 10 15 7 33 11  50 

3.6 11 14 12 17 100 18  35 

3.9 17 28 16 31  22  20 

4.2 26 61 22 61  33  20 

4.5 29 66 45 100  48  30 

4.8 45 58 49   100  62 

5.1 53 78 100     100 

5.4 70 100       

5.7 100        

 

Table A-6: Boksburg SPT blow count 

SPT N Data 

Depth (m) BHD1 BHD3 BHD6 

1.45 7 28 49 

1.9   50 

2.35   74 

2.45 65 21  

3.05 26   

3.45  27 34 

3.55 17   

4.35  REF 43 

4.45 56   

4.55   REF 

5.05 52   

5.26 REF   
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A.4 Welkom, Free State 

Table A-7: Welkom DPSH blow count per 300mm 

DPSH n Data 

Depth (m) D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 

0.3 4 3 5 4 15 4 10 8 12 4 4 

0.6 3 2 6 4 6 2 5 4 9 4 5 

0.9 3 2 8 6 0 2 5 7 17 2 4 

1.2 14 7 18 22 5 5 17 20 32 16 10 

1.5 24 17 12 18 11 12 12 12 16 18 12 

1.8 18 9 8 10 7 12 9 27 11 12 10 

2.1 20 8 11 10 6 9 11 13 14 12 12 

2.4 12 9 10 11 18 10 15 12 12 12 12 

2.7 11 12 10 10 16 10 11 10 18 10 13 

3.0 16 9 11 25 10 10 13 11 14 11 10 

3.3 11 9 12 44 17 13 11 20 15 10 12 

3.6 15 18 16 29 17 12 16 32 14 10 14 

3.9 13 28 54 54 19 13 12 41 16 11 16 

4.2 14 13 68 62 12 24 26 46 14 13 27 

4.5 22 16   18 20 20 54 17 11 18 

4.8 36 33   19 17 20 66 15 13 20 

5.1 44 35   22 20 28 72 17 16 16 

5.4 50 34   28 22 25 79 44 18 18 

5.7 62 46   32 21 24  38 18 21 

6.0 79 58   32 26 30  27 28 28 

6.3     26 25 25  34 36 32 

6.6     28 32 26  46 38 34 

6.9     26 38 24  30 44 40 

7.2     27 74 19  44 70 38 

7.5     32  28  50 81 54 

7.8     38  32  44  48 

8.1     30  21  45  40 

8.4     28  30  56  20 

8.7     32  26  50  60 

9.0     40  30  46  71 

9.3     42  41  44   

9.6     48  42  45   

9.9     50  46  72   

10.2     60  48     

10.5     60  42     

10.8     62  54     

11.1     59  62     

11.4     60  66     

11.7     64  70     

12.0     60  79     

12.3     68  88     

12.6     68       

12.9     67       

13.2     72       

13.5     74       
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13.8     82       

14.1     91       

14.4     98       

14.7     108       

15.0     110       

 

Table A-8: Welkom DPSH blow count per 300mm continued 

DPSH n Data 

Depth (m) DBH1 DBH2 DBH3 DBH4 DBH5 DBH6 

0.3 

Window 

Sampling Window 

Sampling 

Window 

Sampling 

Window 

Sampling 

Window 

Sampling 

Window 

Sampling 

0.6 

0.9 

1.2 

1.5 

1.8 

2.1 

2.4 

2.7 

3.0 

3.3 

3.6 32 

3.9 46 

4.2  

4.5  

4.8  

5.1  

5.4  9 

5.7 54 28  19 

6.0  22  14 

6.3  40 45  17 

6.6  60 91  32 

6.9     34 

7.2     35 

7.5     55 

7.8     35 

8.1     30 

8.4    20  32 

8.7    27  38 

9.0    96  40 

9.3      43 

9.6      98 

9.9       

10.2       

10.5       

10.8       

11.1       

11.4       

11.7       
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12.0       

12.3       

12.6       

12.9       

13.2       

13.5       

13.8       

14.1       

14.4       

14.7       

15.0       

 

Table A-9: Welkom SPT blow count 

SPT N Data 

Depth (m) BH1 BH2 BH3 BH4 BH5 BH6 

1.45 28 12 20 35 38 14 

2.45 23 23 10 30 18 24 

3.45 9 24 22 31 70 25 

4.45 32 29 34 30  29 

5.2      38 

5.35 REF      

5.45  79 57 27   

5.71  REF     

6.45    52   

7.45    28   

8.00    REF   

 

A.5 Hennenman, Ventersburg, Free State 

Table A-10: Hennenman DPSH blow count per 300mm 

DPSH n Data 

Depth (m) DPSH1 DPSH2 DPSH3 DPSH4 

0.3 12 24 14 32 

0.6 24 30 14 29 

0.9 25 33 10 41 

1.2 16 26 22 47 

1.5 12 30 26 40 

1.8 12 31 23 31 

2.1 16 26 25 30 

2.4 27 28 24 20 

2.7 30 26 21 13 

3.0 30 25 23 27 

3.3 34 30 24 37 
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3.6 35 35 22 41 

3.9 40 44 30 45 

4.2 75 35 35 75 

4.5  35 40  

4.8  25 38  

5.1  38 36  

5.4  75 75  

 

Table A-11: Hennenman SPT blow count 

SPT N Data 

Depth (m) P1 P2 P3 P4 P5 P6 P7 P8 P9 

1.45 6 13 26 35 26 35 26 45 49 

2.45 17 13 55 33 51 62 38 44 36 

2.7     REF     

2.85         REF 

3.37       REF   

3.45 49 54 23 30  55  56  

3.77  REF        

4.15        REF  

4.45 33  33 36  45    

5.3    REF      

5.4   REF       

5.45 40     22    

6.1 REF         

6.45      22    

7.3      REF    

 

A.6 Soweto, Johannesburg 

Table A-12: Soweto DPSH blow counts per 300mm 

DPSH n Data 

Depth (m) D2 D3 D4 D6 D7 D8 D9 D10 

0.3 26 25 17 11 7 12 8 8 

0.6 39 58 32 30 24 39 34 39 

0.9 40 39 21 36 39 30 57 44 

1.2 42 35 17 33 22 33 30 37 

1.5 36 45 25 34 17 36 32 22 

1.8 33 68 33 19 20 40 35 22 

2.1 26 REF  19 33 39 39 32 

2.4 28   27 38 41 30 37 

2.7 30   33 55 56 35 50 

3.0 44   36 REF 63 40 30 

3.3 50   44  REF REF 39 
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3.6 51   REF    55 

3.9 41       53 

4.2 45       35 

4.5 62       33 

4.8 REF       21 

5.1        23 

5.4        28 

5.7        31 

6.0        30 

6.3        33 

6.6        46 

6.9        51 

7.2        REF 

 

Table A-13: Soweto DPSH blow counts per 300mm continued 

DPSH n Data 

Depth (m) P1 P2 P4 P5 P6 

0.3 10 7 20 5 13 

0.6 11 23 43 21 17 

0.9 4 30 56 27 14 

1.2 1 27 REF 40 9 

1.5 21  42 13 

1.8 24  40 13 

2.1 26  55 27 

2.4 17 30  REF 39 

2.7 19 32   33 

3.0 15 29   26 

3.3 13 33   35 

3.6 11 36   33 

3.9 12 30   31 

4.2 22 28   24 

4.5 40 27   28 

4.8 REF 31   37 

5.1  32   29 

5.4  25   13 

5.7  21   17 

6.0  29   15 

6.3  31   21 

6.6  35   27 

6.9  37   33 

7.2  37   23 

7.5  54   52 

7.8  REF   58 

8.1     REF 
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Table A-14: Soweto SPT blow counts 

SPT N Data 

Depth (m) D2 D4 D10 

1.45 28   

1.9 46   

2.35 54   

3.45  51 71 

3.9   96 

3.95  72  

4.35   129 

4.45  43  

4.9  46  

5.35  85  

5.85  REF  

 

A.7 Braamfontein, Johannesburg 

Table A-15: Braamfontein DPSH blow count per 300mm 

DPSH n Data 

Depth (m) D1 D2 D3 D4 

0.3 

Existing 

Window 

Sampling 

Position 

W/S 

Hand Dug Hand Dug 3 

0.6 

0 

0 5 

0.9 1 4 

1.2 3 3 

1.5 1 2 

1.8 2 13 

2.1 2 15 

2.4 17 3 

2.7 3 3 

3.0 
1 

3 

3.3 2 

3.6 

3 

1 2 

3.9 1 3 

4.2 

1 

2 

4.5 0 4 

4.8 4 4 

5.1 1 5 

5.4 1 
0 

7 

5.7 1 9 

6.0 2 2 8 

6.3 3 2 7 

6.6 4 6 9 

6.9 6 6 7 

7.2 8 6 8 
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7.5 7 7 8 

7.8 8 8 9 

8.1 8 10 8 

8.4 10 12 8 

8.7 10 11 7 

9.0 11 10 9 

9.3 13 13 10 

9.6 14 12 10 

9.9 13 14 12 

10.2 18 16 13 

10.5 1 19 17 12 

10.8 1 19 18 14 

11.1 4 18 19 15 

11.4 6 22 21 19 

11.7 6 24 20 19 

12.0 10 25 25 26 

12.3 12 25 26 24 

12.6 13 26 25 26 

12.9 15 28 26 22 

13.2 20 30 26 28 

13.5 27 34 25 29 

13.8 32 35 25 33 

14.1 37 36 30 33 

14.4 40 42 33 35 

14.7 46 41 37 38 

15.0 52 43 38 47 

15.3 52 Re-drive Re-drive 44 

15.6 52 

50 blows 

over 

60cm 

50 blows 

over 

60cm 

45 

15.9 54   45 

16.2 56   56 

16.5 61   57 

16.8 61   60 

17.1 61   67 

17.4 61   Re-drive 

17.7 64   

65 blows 

over 

60cm 

18.0 65    

18.3 64    

18.6 66    

18.9 65    

19.2 71    

19.5 70    

19.8 73    

20.1 75    
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Table A-16: Braamfontein SPT blow count 

SPT N Data 

Depth BH1 BH4 

1.45  10 

2.45  4 

3.45 0 9 

4.45 0 12 

5.45 2 8 

6.45 2 7 

7.45 14 16 

8.45 13 12 

9.45 14 10 

 

A.8 Anderson Street, Johannesburg 

Table A-17: Anderson Street DPSH blow count per 300mm 

DPSH n Data 

Depth (m) DPSH1 DPSH2 DPSH3 

0.3 Jack 

Hammer 

Jack 

Hammer 

Jack 

Hammer 0.6 

0.9 23 9 1 

1.2 

0 
0 

0 

1.5 

1.8 

2.1 

2.4 

2.7 

3.0 1 

3.3 2 3 

3.6 5 6 4 

3.9 6 5 3 

4.2 9 4 5 

4.5 13 9 6 

4.8 16 15 9 

5.1 18 18 12 

5.4 23 24 14 

5.7 24 28 18 

6.0 26 28 19 

6.3 27 30 20 

6.6 28 31 19 

6.9 31 35 19 

7.2 28 30 17 

7.5 28 31 18 

7.8 28 34 20 

8.1 27 36 19 

8.4 26 39 18 
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8.7 26 43 19 

9.0 25 53 17 

 

Table A-18: Anderson Street SPT blow count 

SPT N Data 

Depth (m) BH1 

1.45 0 

2.45 4 

3.45 5 

4.45 10 

5.45 13 

6.15 15 

7.15 17 

7.6 27 

 

A.9 Parktown, Johannesburg 

Table A-19: Parktown DPSH blow counts per 300mm 

DPSH n Data 

Depth (m) D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

0.3 

1 

1 

1 

0 3 

0 

2 
0 

0 2 

0.6 2 3 

0 1 

1 3 

0.9 1 5 3 2 3 

1.2 1 

0 

2 

1 

1 

1.5 1 
0 

0 

2 

3 

4 
1 

1.8 1 5 

2.1 3 7 3 

1 

9 

2.4 3 20 6 1 

1 

7 3 

2.7 6 15 14 1 5 1 

3.0 5 12 1 6 1 
0 

15 

3.3 9 2 

0 

1 

3 

1 

1 
10 

3.6 7 2 1 9 9 6 

3.9 6 4 4 14 1 11 10 

4.2 5 3 2 

0 

18 1 11 25 

4.5 8 
0 

5 16 12 1 12 18 

4.8 15 5 19 11 
2 

3 27 

5.1 15 3 5 28 6 4 REF 

5.4 22 1 14 1 31 2 

0 

1  

5.7 19 1 27 1 19 2 1  

6.0 18 2 22 3 19 12 4  

6.3 19 4 15 4 32 9 6  

6.6 17 5 20 4 REF 30 5 3  
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6.9 19 3 46 9 2  31 5 

2 

 

7.2 12 6 REF 9 6  REF 22  

7.5 19 5  26 8   15  

7.8 26 5  41 9   35 25  

8.1 24 6  REF 12   REF REF  

8.4 30 6   11      

8.7 28 6   9      

9.0 32 5   11      

9.3 37 7   13      

9.6 25 7   7      

9.9 17 8   13      

10.2 13 9   19      

10.5 16 9   19      

10.8 23 9   19      

11.1 47 10   23      

11.4 43 8   32      

11.7 48 11   31      

12.0 48 8   31      

12.3 24 12   32      

12.6 25 22   32      

12.9 32 16   34      

13.2 50 26         

13.5 48 48         

13.8 47 REF         

14.1 40          

14.4 30          

14.7 34          

15.0 33          

15.3 37          

15.6 38          

15.9 43          

 

Table A-20: Parktown DPSH blow count per 300mm continued 

DPSH n Data 

Depth (m) D11 D12 D13 D14 D15 D16 D17 BH1 

0.3 1 
0 

0 0 6 1 0 

Existing 

BH 

0.6 4 5 3 11 

2 

5 

0.9 1 2 
1 

1 13 1 

1.2 1 2 3 8 

0 1.5 
1 

1 

2 

18 4 

0 

1.8 10 
2 

22 

2.1 13 3 24 1 

2.4 REF 4 
1 

0 

20 17 

2.7  1 15 16 

3.0  33 4 11 2 

3.3  31 2 4 9 4 

3.6  21 1 4 7 13 

3.9  2 7 3 7 8 
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4.2  4 4 0 7 1 11 

4.5  6 3 1 6 2 35 

4.8  3 1 
1 

20 4 REF 

5.1  2 1 33 3  

5.4  4 3 1 7 6  

5.7  2 3 16 5 19  

6.0  5 2 8 8 21  

6.3  7 1 6 6 36  

6.6  8 1 7 5 REF  

6.9  8 1 9 7   

7.2  40 0 14 9   

7.5  REF 2 35 5   

7.8   8 40 6   

8.1   11 REF 6   4 

8.4   23  6   4 

8.7   53  5   2 

9.0   REF  7   4 

9.3     12   9 

9.6     23   8 

9.9     19   6 

10.2     25   20 

10.5     27   10 

10.8     45   10 

11.1     REF   12 

11.4        12 

11.7        15 

12.0        16 

12.3        19 

12.6        23 

12.9        25 

13.2        30 

13.5        31 

13.8        34 

14.1        38 

14.4        41 

14.7        REF 

 

Table A-21: Parktown SPT blow count 

SPT N Data 

Depth (m) BH1 BH2 BH3 BH4 BH5 BH6 BH7 BH8 

1.45 0 0 3 2 5 4 0 5 

2.45 1 3 6 4 7 14 9 10 

3.3      30   

3.45 0 0 10 4 5  5 20 

4.45 0 0 22 16 9  9 9 

4.9    49     

5.45 0 1       

6.45 0        
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7.45 27        

 

A.10 Chloorkop, Johannesburg 

Table A-22: Chloorkop DPSH blow count per 300mm 

DPSH n Data 

Depth (m) DPSH1 DPSH2 

0.3 11 11 

0.6 4 14 

0.9 10 10 

1.2 15 4 

1.5 30 18 

1.8 60 70 

2.1 86 59 

2.4 73 82 

2.7 64 87 

3.0 60 60 

3.3 60  

3.6 57  

3.9 64  

4.2 71  

4.5 46  

4.8 34  

5.1 20  

5.4 36  

5.7 35  

6.0 24  

6.3 10  

6.6 12  

6.9 18  

7.2 15  

7.5 16  

7.8 22  

8.1 24  

8.4 32  

8.7 38  

9.0 80  

 

Table A-23: Chloorkop SPT blow count 

SPT N Data 

Depth (m) BH1 BH2 BH3 

1.45 57 14 56 
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2.00   90 

2.45 111 65 55 

3.45 43 24 56 

4.45 28   

5.45 20   

6.45 4   

7.45 8   

8.45 47   

8.87 111   

 

A.11 Matola, Maputo, Mozambique 

Table A-24: Matola DPSH blow count per 300mm 

DPSH n Data 

Depth (m) BHA BHB BHC BHD BHE BHF BHG BHH BHI 

0.3 8 8 10 10 11 19 9 7 5 

0.6 21 23 24 18 14 35 32 22 30 

0.9 24 33 25 32 17 51 37 33 50 

1.2 34 45 30 45 22 71 38 40 59 

1.5 36 49 39 46 28 72 34 36 47 

1.8 33 43 37 62 36 99 41 41 61 

2.1 45 52 40 65 41 98 36 48 63 

2.4 48 53 42 71 41 103 41 46 74 

2.7 51 57 43 95 46 107 42 51 82 

3.0 66 75 45 98 49 109 52 55 91 

3.3 79 88 49 96 32 115 57 52 92 

3.6 81 81 52 97 64 121 64 58 97 

3.9 83 89 64 99 73 124 62 70 88 

4.2 78 103 72 101 72 127 72 64 73 

4.5 78 127 79 104 76 133 69 73 77 

4.8 78 150 78 107 28 136 74 75 90 

5.1 86  78 112 91 139 75 71 102 

5.4 70  82 114 97 141 78 94 109 

5.7 66  87 117 101 144 84 92 109 

6.0 68  89 127 102 147 87 97 115 

6.3 70  104 129 108 149 88 102 117 

6.6 81  108 130 112 150 93 112 121 

6.9 90  116 137 118  95 114 125 

7.2 95  121 139 123  97 119 132 

7.5 97  122 142 127  101 122 137 

7.8 99  127 143 131  103 132 139 

8.1 109  129 144 133  109 125 141 

8.4 118  131 146 131  116 141 147 

8.7 121  134 149 147  115 144 149 

9.0 129  135 149 144  124 141 150 

9.3 132  140 150 148  130 147  

9.6 147  144  147  132 150  
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9.9 141  147  148  134   

10.2 111  148  150  142   

10.5 115  148    144   

10.8 141  149    145   

11.1 145  150    147   

11.4 149      147   

11.7 147      148   

12.0 139      149   

12.3 144      148   

12.6 145      147   

12.9 144      148   

13.2 148      150   

13.5 149         

13.8 150         

 

Table A-25: Matola DPSH blow count per 300mm continued 

DPSH n Data 

Depth (m) BHJ BHK BHL BHM BHN BHX BHY BHZ 

0.3 8 7 16 11 3 14 13 8 

0.6 28 24 34 14 6 18 15 12 

0.9 58 28 42 17 11 24 21 45 

1.2 48 31 50 21 15 27 24 65 

1.5 45 32 51 32 14 30 22 61 

1.8 46 34 65 42 13 40 25 57 

2.1 50 37 59 52 14 52 28 60 

2.4 54 41 62 49 15 64 32 50 

2.7 53 49 67 62 13 72 36 74 

3.0 54 55 67 74 15 74 40 80 

3.3 58 57 74 81 14 83 45 83 

3.6 62 61 79 89 17 94 48 80 

3.9 56 72 85 98 20 102 51 95 

4.2 82 69 88 104 15 104 59 94 

4.5 74 77 94 111 21 110 66 103 

4.8 103 78 99 117 25 106 78 99 

5.1 99 76 102 121 24 121 82 101 

5.4 96 79 107 132 55 127 85 104 

5.7 102 84 109 141 70 132 94 108 

6.0 107 89 119 143 74 138 106 114 

6.3 109 88 127 143 89 144 109 121 

6.6 117 87 133 147 104 149 117 124 

6.9 119 88 141 149 107 150 122 109 

7.2 123 91 140 150 121  131 114 

7.5 129 94 145  134  130 117 

7.8 132 94 148  139  138 134 

8.1 133 102 150  142  142 140 

8.4 137 106   146  147 147 

8.7 142 108   149  150 144 

9.0 142 110   149   146 
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9.3 143 113   150   139 

9.6 147 115      140 

9.9 148 121      148 

10.2 149 124      149 

10.5 150 125      149 

10.8  127      150 

11.1  132       

11.4  133       

11.7  134       

12.0  141       

12.3  140       

12.6  145       

12.9  147       

13.2  149       

13.5  150       

 

Table A-26: Matola SPT blow count 

SPT N Data 

Depth (m) BHA BHB BHC BHD BHE BHF BHG BHH BHI 

1.5 42 25 28 17 22 32 23 23 19 

3.0 24 29 26 29 14 42 28 29 27 

4.5 21 38 38 31 28 56 42 25 38 

6.0 34 42 53 26 36 41 42 41 41 

7.5 30 25 46 33 29 30 27 50 36 

9.0 36 36 33 37 36 26 33 39 36 

10.5 36 43 31 38 41 78 15 33 43 

12.0 48 63 59 89 37  44 45 41 

13.5 86    100   37 44 

15.0        36  

16.5        52  

 

Table A-27: Matola SPT blow count continued 

SPT N Data 

Depth (m) BHJ BHK BHL BHM BHN BHX BHY BHZ 

1.5 24 25 

14 

27 14 
25 

26 22 

3.0 26 45 29 12 19 30 

4.5 38 28 40 27 
24 

47 44 

6.0 45 41 
51 

24 35 61 41 

7.5 35 35 47 38 
42 

43 38 

9.0 57 31 44 33 28 34 36 

10.5 36 35 46 40 31 34 46 51 

12.0 53 45 43 46 36 59 41  

13.5  100  100 33  44  
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15.0     31  84  

 

A.12 Matutuine, Maputo Province, Mozambique 

Table A-28: Matutuine DPSH blow count per 300mm 

DPSH n Data 

Depth (m) D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

0.3 1 1 1 1 6 2 1 1 1 1 

0.6 3 4 5 7 34 6 7 7 5 7 

0.9 6 8 8 17 44 10 16 11 9 11 

1.2 9 7 8 22 73 12 18 15 18 16 

1.5 10 6 8 22 72 14 16 15 18 17 

1.8 11 5 8 20 58 14 27 12 16 15 

2.1 11 3 9 26 48 13 23 12 14 12 

2.4 12 4 9 32 61 10 16 9 14 14 

2.7 11 6 10 67 58 9 18 10 17 15 

3.0 12 8 10 75 50 8 19 7 16 14 

3.3 12 10 11 38 45 9 15 7 14 14 

3.6 12 12 11 43 32 9 14 9 14 19 

3.9 12 14 10 48 61 10 14 9 14 45 

4.2 15 17 9 REF 63 11 16 11 15 59 

4.5 18 15 14  62 14 18 12 17 89 

4.8 18 17 29  48 14 16 18 17 92 

5.1 21 15 65  48 15 14 19 17 85 

5.4 20 15 REF  51 14 10 27 18 REF 

5.7 22 16   53 15 11 78 15  

6.0 21 16   52 16 10 REF 14  

6.3 27 16   42 14 13  15  

6.6 32 19   REF 7 REF  REF  

6.9 30 23    6     

7.2 31 23    15     

7.5 42 24    26     

7.8 47 26    22     

8.1 45 34    31     

8.4 48 38    45     

8.7 44 27    60     

9.0 40 15    48     

9.3 32 16    43     

9.6 29 26    39     

9.9 31 19    46     

10.2 62 14    35     

10.5 70 16    35     

10.8 60 19    36     

11.1 45 18    36     

11.4 32 18    35     

11.7 21 21    37     

12.0 16 20    38     
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12.3 12 19    34     

12.6 13 21    34     

12.9 12 23    32     

13.2 16 19    34     

13.5 20 20    28     

13.8 25 20    23     

14.1 27 20    21     

14.4 28 23    19     

14.7 23 24    18     

15.0 17 23    20     

15.3 16 22    23     

15.6 16 22    22     

15.9 15 22    20     

16.2 19 23    28     

16.5 20 25    30     

16.8 24 26    25     

17.1 24 28    25     

17.4 13 31    27     

17.7 17 37    20     

18.0 18 44    22     

18.3 17 36    23     

18.6 21 37    26     

18.9 25 40    31     

19.2 26 44    30     

19.5 28 43    26     

19.8 28 46    21     

20.1 29 REF    24     

20.4 34     21     

20.7 42     28     

21.0 43     21     

21.3 46     17     

21.6 43     21     

21.9 46     22     

22.2 77     24     

22.5 70     25     

22.8 61     28     

23.1 REF     44     

23.4      50     

23.7      57     

24.0      45     

24.3      38     

24.6      41     

24.9      41     

25.2      REF     

 

Table A-29: Matutuine DPSH blow count per 300mm continued 

DPSH n Data 

Depth (m) D11 D12 D13 D14 D15 D16 D17 D18 D19 
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0.3 1 1 1 1 1 2 3 1 1 

0.6 10 12 13 6 25 26 7 5 13 

0.9 22 22 23 10 34 54 12 9 23 

1.2 18 25 38 18 35 100 17 11 23 

1.5 19 25 56 14 28 REF 24 12 REF 

1.8 16 28 REF 9 31  REF 11  

2.1 15 35  10 32   10  

2.4 15 REF  13 34   11  

2.7 12   17 27   11  

3.0 12   42 25   13  

3.3 13   46 23   12  

3.6 14   REF 20   13  

3.9 16    28   12  

4.2 15    REF   12  

4.5 15       15  

4.8 14       65  

5.1 14       78  

5.4 15       REF  

5.7 REF         

 

Table A-30: Matutuine SPT blow count 

SPT N Data 

Depth (m) D7 D8 D14 D15 D17 

1.45    29 35 

1.95    43 57 

2.4    42  

2.85    43  

3.3    48  

3.45 11 15 33   

3.75    126  

3.95   100   

4.45 14 16    

5.45 9 32    

5.95  48    

6.45 16     

6.95 60     

7.3 91     

 

A.13 Umdloti, KwaZulu-Natal 

Table A-31: Umdloti, KwaZulu-Natal DPSH blow count per 300mm 

DPSH n Data 

Depth (m) D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 
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0.3 25 14 5 2 8 1 4 1 1 4 

0.6 11 11 6 2 10 4 11 11 3 3 

0.9 11 7 7 4 9 7 7 7 5 8 

1.2 14 3 11 13 13 11 7 7 12 11 

1.5 21 6 11 66 17 16 6 6 16 11 

1.8 16 5 10 35 18 16 14 14 23 10 

2.1 17 6 11 64 31 19 25 25 27 28 

2.4 12 8 10 63 54 13 32 32 30 40 

2.7 18 6 15 44 66 26 34 34 37 70 

3.0 20 9 20 48 64 62 36 36 67  

3.3 26 11 29 50 54 75 50 60   

3.6 35 15 33 57 100  67 67   

3.9 43 18 34        

4.2 41 16 40        

4.5 105 21 46        

4.8  40 45        

5.1  46 66        

5.4  54 84        

5.7  64 64        

6.0  84         

6.3  78         

 

Table A-32: Umdloti, KwaZulu-Natal SPT blow count 

SPT N Data 

Depth (m) BH1 BH2 BH3 

1.5 5 3 22 

2.5 8 8 20 

3.5 13 17 12 

4.5 14 24 5 

5.5 18 18 11 

6.5  18 14 

7.5  13 21 

8.5   43 

 

A.14 Chicala, Ilha de Luanda, Angola 

Table A-33: Chicala DPSH blow count per 300mm 

DPSH n Data 

Depth (m) D1 D2 D3 D4 D5 D6 D7 D8 

0.3 2 3 2 4 4 4 3 4 

0.6 8 6 2 12 14 14 10 9 

0.9 11 14 2 6 22 23 28 17 

1.2 34 37 3 3 31 31 19 21 
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1.5 47 40 18 24 36 40 24 37 

1.8 54 59 44 110 57 48 41 55 

2.1 33 50 96 38 48 51 59 56 

2.4 30 50 59 33 34 37 48 59 

2.7 35 50 74 36 37 32 39 31 

3.0 35 95 97 57 57 60 41 44 

3.3 53 68 100 67 66 72 54 49 

3.6 54 75  61 70 81 76 54 

3.9 88 99  64 77 89 85 71 

4.2 61 100  74 82 73 67 74 

4.5 69   86 87 61 78 79 

4.8 48   97 99 67 81 64 

5.1 78   105 111 73 94 71 

5.4 32   129 74 78 105 87 

5.7 25    54 67 120 93 

6.0 26    61 60 127 124 

6.3 42    64 58 134 144 

6.6 50    71 63  156 

6.9 90    76 79  174 

7.2 50    80 81   

7.5 72    83 90   

7.8 55    87 91   

8.1 34    92 93   

8.4 70    96 97   

8.7 90    99 98   

9.0 63    103 101   

9.3 47    107 105   

9.6 68    111 113   

9.9 91    115 118   

10.2 97    122 129   

10.5     131    

10.8     165    

 

Table A-34: Chicala SPT blow count 

SPT N Data 

Depth (m) BH1 BH2 BH3 

1.5 5 4 6 

3.0 8 5 6 

4.5 15 10 4 

6.0 10 17 5 

7.5 24 20 9 

9.0 7 7 19 

10.5 21 18 17 

12.0 10 12 13 

13.5 19 16 11 

15.0 16 13 18 

16.5 17 26 22 

18.0 24 27 30 
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19.5 20 29  

21.0 24   

 

A.15 Parow, Cape Town 

Table A-35: Parow DPSH blow count per 100mm 

DPSH n Data 

Depth (m) BH1 BH2 BH4 

0.1 4 10 9 

0.2 4 10 9 

0.3 4 10 9 

0.4 4 10 9 

0.5 10 7 10 

0.6 11 5 11 

0.7 9 5 12 

0.8 7 5 22 

0.9 3 5 11 

1.0 2 4 23 

1.1 3 4 24 

1.2 3 4 9 

1.3 3 4 6 

1.4 5 4 3 

1.5 5 4 2 

1.6 5 4 2 

1.7 4 5 5 

1.8 4 6 3 

1.9 3 9 4 

2.0 3 8 3 

2.1 4 7 3 

2.2 4 6 2 

2.3 3 8 3 

2.4 4 7 6 

2.5 4 8 7 

2.6 5 8 11 

2.7 6 12 11 

2.8 7 9 9 

2.9 7 9 20 

3.0 7 9 25 

3.1 9 11  

3.2 9 13  

3.3 13 14  

3.4 20 14  

3.5 19 18  

3.6 17 21  

3.7 13 24  

3.8 13 25  

3.9 17 30  
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4.0 13 25  

4.1 16 25  

4.2 19 32  

4.3 19 33  

4.4 20 28  

4.5 30 27  

4.6 30 28  

4.7 30 29  

4.8 30 32  

4.9 40   

 

Table A-36: Parow DPSH blow count per 300mm 

DPSH n Data 

Depth (m) BH1 BH2 BH4 

0.3 12 30 27 

0.6 25 22 30 

0.9 19 15 45 

1.2 8 12 56 

1.5 13 12 11 

1.8 13 15 10 

2.1 10 24 10 

2.4 11 21 11 

2.7 15 28 29 

3.0 21 27 54 

3.3 31 38  

3.6 56 53  

3.9 43 79  

4.2 48 82  

4.5 69 88  

4.8 90 89  

 

Table A-37: Parow SPT blow count 

SPT N Data 

Depth (m) BH1 BH2 BH3 BH4 

1.5 5    

3.0 15 21 34 57 

4.5 34 21 50 53 

6.0 43 15 25 65 

7.5 48 14 22 15 

9.0 49 13 28 20 

10.0 46   21 

10.5  17 23 21 

12.0  28 34 16 

13.5  30 46 26 
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15.0  27   

 

A.16 Milnerton Refinery, Cape Town 

Table A-38: Milnerton Refinery DPSH blow count per 100mm 

DPSH n Data 

Depth (m) D1 D3 

0.1 1 1 

0.2 2 3 

0.3 1 2 

0.4 1 2 

0.5 1 2 

0.6 1 4 

0.7 1 4 

0.8 3 5 

0.9 3 5 

1.0 2 4 

1.1 1 5 

1.2 1 5 

1.3 1 5 

1.4 2 6 

1.5 4 4 

1.6 7 5 

1.7 14 9 

1.8 19 10 

1.9 23 14 

2.0 22 15 

2.1 20 16 

2.2 9 18 

2.3 6 20 

2.4 6 19 

2.5 7 20 

2.6 11 17 

2.7 14 16 

2.8 13 19 

2.9 13 21 

3.0 15 12 

3.1 15 15 

3.2 14 14 

3.3 14 13 

3.4 13 19 

3.5 13 20 

3.6 18 19 

3.7 19 22 

3.8 16 23 

3.9 17 25 

4.0 25  
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4.1 20  

4.2 17  

4.3 18  

4.4 13  

4.5 11  

4.6 20  

4.7 32  

 

Table A-39: Milnerton Refinery DPSH blow count per 300mm 

DPSH n Data 

Depth (m) D1 D3 

0.3 4 6 

0.6 3 8 

0.9 7 14 

1.2 4 14 

1.5 7 15 

1.8 40 24 

2.1 65 45 

2.4 21 57 

2.7 32 53 

3.0 41 52 

3.3 43 42 

3.6 44 58 

3.9 52 70 

4.2 62  

4.5 42  

4.8 52  

 

Table A-40: Milnerton Refinery SPT blow count 

SPT N Data 

Depth (m) BH1 BH2 

1.45 8 9 

2.45 15 21 

3.45 19 16 

4.45 18 37 

5.45 38 35 

6.45 37 54 

7.45 54 REF 

8.22  REF 

8.45 REF  
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A.17 Mt Edgecombe Interchange, Umhlanga 

Table A-41: Umhlanga DPSH blow count per 300mm 

DPSH n Data 

Depth (m) AC2 AC7 B1 B4 BD1 BD9 BD25 D1 D3 D5 

0.3 2 4 8 4 3 3 12 13 4 11 

0.6 4 9 28 2 2 6 11 8 1 14 

0.9 12 23 5 4 3 6 9 10 1 26 

1.2 13 41 19 3 4 7 3 13 3 30 

1.5 15 25 13 3 7 6 6 15 1 19 

1.8 17 17 12 4 6 8 12 18 11 18 

2.1 19 18 10 5 8 6 17 21 17 29 

2.4 20 16 10 7 9 10 20 34 20 28 

2.7 22 15 11 6 12 12 23 27 22 33 

3.0 21 27 9 8 13 10 25 28 24 36 

3.3 20 20 10 9 18 16 15 30 10 30 

3.6 20 21 9 7 23 16 45 34 11 35 

3.9 18 20 13 13 39 15 50 28 15 41 

4.2 21 20 16 33 44 23 59 38 19 49 

4.5 19 19 15 49 45 15 100 29 26 56 

4.8 20 21 20 42 61 13  28 33 72 

5.1 16 18 24 54 100 17  30 39 75 

5.4 24 20 36 100  16  27 48 84 

5.7 28 23 37   25  29 65 100 

6.0 29 25 37   25  31 71  

6.3 28 28 35   26  39 100  

6.6 29 30 45   27  39   

6.9 27 29 100   30  46   

7.2 21 25    33  41   

7.5 21 21    29  48   

7.8 20 21    27  53   

8.1 27 28    30  61   

8.4 35 29    31  100   

8.7 37 32    31     

9.0 35 33    32     

9.3 42 35    34     

9.6 41 38    30     

9.9 38 36    36     

10.2 37 38    38     

10.5 40 40    39     

10.8 43 44    34     

11.1 61 49    37     

11.4 100 47    39     

11.7  47    43     

12.0  49    45     

12.3  54    46     

12.6  60    48     

12.9  68    53     

13.2  73    57     

13.5  81    52     
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13.8  100    56     

14.1      58     

14.4      63     

14.7      70     

15.0      73     

15.3      80     

15.6      100     

 

Table A-42: Umhlanga DPSH blow count per 300mm continued 

DPSH n Data 

Depth (m) DB1 DB3 DB6 DB11 M41/6m M41/24m N2/SW N2/NE 

0.3 31 8 6 5 35 35 10 7 

0.6 9 13 18 5 13 30 10 8 

0.9 10 22 6 6 11 21 13 5 

1.2 15 21 14 7 13 15 36 12 

1.5 9 15 14 12 12 13 26 10 

1.8 21 17 19 22 15 17 15 8 

2.1 16 17 11 21 16 12 13 10 

2.4 23 18 16 23 19 20 17 18 

2.7 24 15 25 25 16 16 13 17 

3.0 22 22 27 25 14 11 7 20 

3.3 20 33 35 35 13 9 11 26 

3.6 22 38 82 50 5 13 10 29 

3.9 33 48 100 42 15 17 12 34 

4.2 35 53  37 20 24 15 37 

4.5 39 59  34 21 22 20 45 

4.8 41 100  31 23 30 18 61 

5.1 49   33 36 32 30 71 

5.4 57   34 38 37 20 100 

5.7 64   29 48 54 28  

6.0 100   38 100 62 33  

6.3    39  100 39  

6.6    44   47  

6.9    31   59  

7.2    33   100  

7.5    34     

7.8    40     

8.1    45     

8.4    51     

8.7    63     

9.0    67     

9.3    74     

9.6    100     
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Table A-43: Umhlanga SPT blow count 

SPT N Data 

Depth (m) AC2 AC7 B1 B4 BD1 BD9 BD25 BD12 

1.5   28 19 53 30 21  

3.0 41 40 36 24 58 14 8 29 

4.0         

4.5   37 12 59 17 15  

6.0      26 8 27 

8.0   32 20 31 44 23  

8.5         

9.0 48 49 20 14 50 REF  24 

9.5         

10.5         

11.0         

12.0      36 32 33 

14.0         

15.0 58 34 31 26 32 23 20 29 

16.0       22  

16.5        25 

17.0   20 28 31 36 32  

18.0 57 26 31 51 58 24 17 35 

19.0  48    40   

20.0   38 41 30 41 42 44 

21.0 51 42 20 61 34    

22.0  36     58  

22.5   20 61 23  29  

24.0  25 20 43  37   

25.0  REF     REF  

25.5   20 31 54    

26.0         

27.0   17 42 29 REF 16  

28.0       REF  

28.5   52 38 50 43   

29.5       REF  

30.0 REF     REF   

30.5         

31.0       34  

31.5     REF 38   

32.5         

33.0      REF 63  

34.5       56  

36.0       64  

37.5         

38.0       45  

39.5       66  

40.0         

41.0       48  

42.0         

43.0       REF  

43.5         

44.5       REF  
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45.0         

46.0       64  

47.0         

48.0       42  

49.0         

49.5       REF  

51.0       70  

 

Table A-44: Umhlanga SPT blow count continued 

SPT N Data 

Depth (m) D1 D3 D5 DB1 DB3 DB6 DB11 

1.5 43  7   15 27 

3.0 26 22  27 23 REF 23 

4.0   20     

4.5 29   51  58 24 

6.0  15 28  37 24  

8.0 29   28   32 

8.5   19     

9.0 44    45 8  

9.5  64  32   39 

10.5   45     

11.0 36       

12.0   64 38 39 28 33 

14.0 32 49 14 37    

15.0 34    38 26 32 

16.0   21 37    

16.5     45 78  

17.0 37 17     33 

18.0 32  76 39  42  

19.0  44   47  24 

20.0    26  24 28 

21.0 32 25   78 53 27 

22.0    53    

22.5 30 39 77  73 26 30 

24.0 28   40 38 48 REF 

25.0  39      

25.5    40  51  

26.0     32  28 

27.0 26 47 54 REF  22 29 

28.0     40   

28.5 48 44    REF 36 

29.5    REF    

30.0 34    44 43 27 

30.5  55 73     

31.0        

31.5 28   43  18 28 

32.5  22 16  36   

33.0 37  56 REF  28 24 
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34.5 45 48 46  42 36 23 

36.0 49 32  50 38 37 29 

37.5    49  29 25 

38.0 34 15* 46  42   

39.5 44  REF 29  35 31 

40.0  58 38  25   

41.0 34  40 42  25 30 

42.0 29 35 57  45 REF 37 

43.0  REF  41    

43.5 28    56 27  

44.5   58     

45.0 30  58 44  REF  

46.0     67   

47.0 REF  70 41 68 63  

48.0 46  REF     

49.0    55 70   

49.5 40  REF     

51.0 REF  58 70 28   

52.5   REF     

53.0    35 55   

54.0   REF     

55.0    71    

56.5    60    

59.0    REF    

 

A.18 West Coast, Lutzville, Western Cape 

Table A-45: West Coast, Lutzville DPSH blow count per 300mm 

DPSH n Data 

Depth (m) E-A1 E-B1 E-C1 E-D2 W-A1 W-B1 W-C1 W-D1 

0.0 3 2 1 1 3 1 2 2 

0.3 5 3 2 2 25 13 6 3 

0.6 10 15 20 17 15 18 7 7 

0.9 18 15 27 27 13 20 10 30 

1.2 23 8 40 40 15 23 15 28 

1.5 26 25 70 23 20 27 20 36 

1.8 20 20 45 14 18 38 40 33 

2.1 14 15 43 8 30 21 30 15 

2.4 17 20 36 6 20 11 18 10 

2.7 12 38 17 4 40 30 40 10 

3.0 30 40 15 5 35 15 55 8 

3.3 70 40 7 5 60 10 66 12 

3.6 80 10 5 5 70 13 50 15 

3.9  27 5 4 80 40 44 20 

4.2  30 10 4  40 32 17 

4.5  45 6 7  26 49 11 

4.8  35 20 7  32 42 19 
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5.1  30 40 10  12 39 24 

5.4  45 39 3  18 60 20 

5.7  30 40 2  20 36 23 

6.0  42 70 4  15 65 30 

6.3  29 30 4  22 41 34 

6.6  30 25 4  28 33 40 

6.9  35 2 3  37 29 25 

7.2  75 3 3  46 31 15 

7.5   6 6  34 25 12 

7.8   8 12  65 30 8 

8.1   7 6  49 36 10 

8.4   5 5  70 47 21 

8.7   6 5  64 38 27 

9.0   9 4  90 40 35 

9.3   8 4   38 29 

9.6   10 4   90 38 

9.9   4 5    32 

10.2   5 5    37 

10.5   9 5    31 

10.8   3 8    30 

11.1   6 7    40 

11.4   5 6    40 

11.7   9 7    60 

12.0   8 8    70 

12.3   6 7    45 

12.6   8 7    55 

12.9   7 7    69 

13.2   6 6    95 

13.5   5 7     

13.8   14 10     

14.1   11 8     

14.4   9 6     

14.7   12 9     

15.0   8 11     

15.3   7 8     

15.6   5 11     

15.9   9 8     

16.2   7 9     

16.5   8 9     

16.8   8 12     

17.1   15 9     

17.4   12 9     

17.7   11 10     

18.0   8 7     

18.3   7 8     

18.6   9 12     

18.9   11 9     

19.2   8 8     

19.5   8 10     

19.8   18 9     

20.1   12 10     

20.4   13 8     

20.7   12 11     
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21.0   9 9     

21.3   11 9     

21.6   20 10     

21.9   15 12     

22.2   11 18     

22.5   10 10     

22.8   9 12     

23.1   15 14     

23.4   22 17     

23.7   10 19     

24.0   10 23     

24.3   20 28     

24.6   35 40     

24.9   30 50     

25.2   30 60     

25.5   15 45     

25.8   23 40     

26.1   15 30     

26.4   12 24     

26.7   15 100     

27.0   13      

27.3   15      

27.6   15      

27.9   10      

28.2   15      

28.5   17      

28.8   12      

29.1   12      

29.4   10      

29.7   19      

30.0   10      

30.3   10      

30.6   15      

30.9   36      

31.2   40      

31.5   35      

31.8   70      

32.1   60      

32.4   100      

 

Table A-46: West Coast, Lutzville SPT blow count 

SPT N Data 

Depth (m) E Dam B1 Depth (m) W Dam C1 

2.2625 27 2.2625 11 

4.2625 43 4.2625 12 

6.2625 41 6.2625 15 

8.2625 53 8.2625 8 

10.2625 58 10.2625 35 
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12.2625 51 12.2625 37 

14.2625 57 14.2625 55 

16.2625 63 16.2625 55 

18.2625 52 18.2625 75 

20.2625 64 20.2625 68 

22.2625 67   

24.2625 67   

26.2625 71   

28.2625 62   

 

A.19 Gope, Central Kalahari Game Reserve, Botswana 

Table A-47: Gope DPSH blow count per 300mm 

DPSH n Data 

Depth (m) B-ES1 B-ES7 B-ES9 DPSH9 EMV2 EMV5 EMV1 DPSH15 

0.3 5 7 6 6 8 4 6 11 

0.6 18 36 42 18 17 5 8 34 

0.9 17 58 66 21 19 9 7 68 

1.2 11 72 53 26 11 8 7 82 

1.5 9 65 27 20 9 8 7 75 

1.8 8 62 31 18 8 8 7 66 

2.1 13 50 31 21 9 10 8 50 

2.4 28 46 31 26 9 9 9 50 

2.7 44 37 29 20 10 8 10 48 

3.0 42 34 32 18 12 8 13 50 

3.3 33 34 44 16 18 9 15 48 

3.6 33 23 60 11 26 10 21 38 

3.9 29 24 130 30 30 15 40 38 

4.2 29 23 150 39 38 25 94 40 

4.5 34 26  45 40 40 98 44 

4.8 46 26  49 46 56 110 48 

5.1 44 41  61 42 73 131 58 

5.4 56 48  135 42 90  62 

5.7 68 53   44 105  74 

6.0 45 54   52 122  97 

6.3 45 53   73   110 

6.6 53 56   80   130 

6.9 51 64   115    

7.2 46 54       

7.5 46 83       

7.8 57 87       

8.1 77 100       

8.4 90 110       

8.7 96 118       

9.0 97 130       

9.3 100        
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Table A-48: Gope DPSH blow count per 300mm continued 

DPSH n Data 

Depth (m) DPSH8 DPSH33 Crush1 Crush2 Crush3 Crush4 

0.3 6 11 8 9 13 15 

0.6 24 34 22 35 40 45 

0.9 30 50 26 58 52 80 

1.2 30 61 27 72 70 90 

1.5 24 67 20 72 80 83 

1.8 48 64 24 76 68 63 

2.1 62 90 32 66 70 64 

2.4 86 82 40 76 76 55 

2.7 92 130 68 90 54 58 

3.0 97  74 68 60 62 

3.3 82  70 72 29 41 

3.6 86  71 36 21 32 

3.9 62  67 24 23 36 

4.2 135  74 24 22 30 

4.5   77 25 24 34 

4.8   68 26 30 55 

5.1   48 30 55 84 

5.4   38 30 70 96 

5.7   38 38 89 120 

6.0   40 38 101  

6.3   58 50 105  

6.6   68 68 125  

6.9   80 78   

7.2   110 115   

7.5   125 130   

7.8    135   

 

Table A-49: Gope SPT blow count 

SPT N Data 

Depth (m) B-ES1 Depth (m) B-ES7 Depth (m) B-ES9 Depth (m) B-Plant1 

3.0 40 1.5 18 3.0 44 1.5 24 

6.0 27 3.0 14 6.0 34 3.0 11 

9.0 29 4.5 18 9.0 34 6.0 25 

12.0 34 6.0 22 12.0 35 9.0 31 

15.0 39 7.5 47 15.0 39 12.0 51 

18.0 41 9.0 45 18.0 41 15.0 55 

21.0 49 10.5 36   18.0 58 

24.0 51 12.0 36   21.0 66 

27.0 56 13.5 42   24.0 66 

30.0 58 15.0 40   27.0 69 

  16.5 33   30.0 72 

  18.0 48     

  19.5 52     

  21.0 49     
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  22.5 57     

  24.0 61     

  25.5 55     

  30.0 62     

 

Table A-50: Gope SPT blow count continued 

SPT N Data 

Depth (m) B-Plant2 Depth (m) B-Crusher Depth (m) B-EMV 

1.0 14 1.0 22 1.0 17 

3.0 22 3.0 17 3.0 19 

6.0 28 6.0 30 6.0 36 

9.0 27 9.0 49 9.0 48 

12.0 26 12.0 53 12.0 55 

15.0 38 15.0 53 15.0 59 

18.0 45 18.0 58   

21.0 38 21.0 59   

  24.0 66   

  27.0 69   

  30.0 69   

 

Table A-51: Gope SPT blow count continued 

SPT N Data 

Depth (m) B-DPSH33 Depth (m) BHC1 Depth (m) BHP2 

1.0 24 1.0 22 1.0 18 

3.0 20 3.0 17 3.0 21 

6.0 47 6.0 30 6.0 26 

9.0 52 9.0 49 9.0 25 

12.0 60   12.0 27 

15.0 55   15.0 36 

18.0 59   18.0 38 

    21.0 31 

 

A.20 Dunkeld, Johannesburg 

Table A-52: Dunkeld DPSH blow count per 300mm 

DPSH n Data 

Depth (m) D1 D2 D_BH3 

0.3 H/Auger H/Auger Window 
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0.6 Sampling 

0.9 

1.2 1 0 

1.5 3 1 

1.8 4 2 

2.1 5 1 

2.4 4 1 

2.7 5 3 

3.0 5 1 

3.3 6 3 

3.6 4 18 

3.9 5 26 

4.2 5 9 

4.5 5 10 

4.8 7 20 

5.1 8 22 

5.4 8 24 

5.7 10 34 20 

6.0 12 31 22 

6.3 18 28 20 

6.6 18 48 24 

6.9 21 49 22 

7.2 32  30 

7.5 42  40 

7.8 37  21 

8.1 50  25 

8.4 69  27 

8.7   30 

9.0   29 

9.3   35 

9.6   34 

9.9   17 

10.2   30 

10.5   32 

10.8   35 

11.1   45 

 

Table A-53: Dunkeld SPT blow count 

SPT N Data 

Depth (m) BH3 

1.45 2 

2.45 0 

3.45 1 

4.45 4 

5.45 11 
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A.21 Glenhazel, Johannesburg 

Table A-54: Glenhazel DPSH blow count per 300mm 

DPSH n Data 

Depth (m) DPSH1 DPSH2 DPSH3 

0.3 41 29 8 

0.6 54 18 18 

0.9 64 17 4 

1.2 48 21 5 

1.5 31 24 15 

1.8 33 19 10 

2.1 24 19 11 

2.4 11 18 17 

2.7 5 21 18 

3.0 9 18 19 

3.3 10 14 26 

3.6 10 11 27 

3.9 9 11 17 

4.2 13 16 19 

4.5 18 17 22 

4.8 36 22 16 

5.1 30 26 14 

5.4 18 28 13 

5.7 19 14 11 

6.0 18 18 17 

6.3 16 19 12 

6.6 13 14 11 

6.9 14 21 18 

7.2 11 19 20 

7.5 13 21 21 

7.8 18 24 19 

8.1 17 26 11 

8.4 14 34 11 

8.7 19 37 17 

9.0 17 55 18 

 

Table A-55: Glenhazel SPT blow count 

SPT N Data 

Depth (m) BH2 

1.45 7 

2.45 9 

3.45 10 

4.45 31 
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A.22 Bellville, Cape Town 

Table A-56: Bellville DPSH blow count per 100mm 

DPSH n Data 

Depth (m) T2 T4 

0.1 2 3 

0.2 3 3 

0.3 5 3 

0.4 4 7 

0.5 4 7 

0.6 3 7 

0.7 3 7 

0.8 4 7 

0.9 6 8 

1.0 5 8 

1.1 6 10 

1.2 5 11 

1.3 4 11 

1.4 4 11 

1.5 4 11 

1.6 3 11 

1.7 3 10 

1.8 4 9 

1.9 5 7 

2.0 4 6 

2.1 5 6 

2.2 4 6 

2.3 4 6 

2.4 2 6 

2.5 3 4 

2.6 2 6 

2.7 2 4 

2.8 2 4 

2.9 2 6 

3.0 2 5 

3.1 4 6 

3.2 4 6 

3.3 6 5 

3.4 8 4 

3.5 8 6 

3.6 10 5 

3.7 12 8 

3.8 12 8 

3.9 12 10 

4.0 8 10 

4.1 10 12 

4.2 10 12 

4.3 10 12 

4.4 10 12 

4.5 12 12 
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4.6 10 12 

4.7 10 13 

4.8 10 10 

4.9 11 7 

5.0 10 6 

5.1 12 6 

5.2 14 7 

5.3 14 7 

5.4 15 8 

5.5 17 16 

5.6 18 18 

5.7 21 17 

5.8  21 

 

Table A-57: Bellville DPSH blow count per 300mm 

DPSH n Data 

Depth (m) T2 T4 

0.3 9 10 

0.6 21 11 

0.9 22 13 

1.2 29 16 

1.5 33 12 

1.8 30 10 

2.1 19 14 

2.4 18 10 

2.7 14 7 

3.0 15 6 

3.3 17 14 

3.6 15 26 

3.9 26 36 

4.2 34 28 

4.5 36 32 

4.8 35 30 

5.1 19 33 

5.4 22 43 

5.7 51 56 

6.0 21  

 

Table A-58: Bellville SPT blow count 

SPT N Data 

Depth (m) BH1 

1.0 26 

2.5 12 

3.9 33 
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5.3 51 

6.8 REF 

8.25 REF 

9.82 REF 
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Appendix B  Soil Profiles 

B.1 Newtown, Johannesburg 

Table B-1: Newtown soil profiles 

Soil Profiles 

BH1 

Depth (m) Description 

0.00 – 0.80 Moist, dark reddish brown speckled black, intact, slightly clayey 

silty SAND with traces of coarse, medium and fine subangular 

quartz gravel. Aeolian. Abundant subangular gravel and ferruginous 

concretions at base. 

0.80 – 1.20 Moist, dark reddish brown mottled orange brown and black, intact, 

silty SAND with abundant ferruginous concretions. Pedogenic 

horizon. 

1.20 – 1.60 Moist, reddish brown mottled orange brown, intact, slightly sandy 

clayey SILT with traces of subangular gravel and ferruginous 

concretions. Reworked residual andesite. 

1.60 – 4.20 Moist, orange brown mottled yellow brown and black speckled grey, 

relict jointed, clayey SILT. Residual andesite. 

4.20 – 10.05 Moist, yellow brown stained black and reddish brown, relict jointed, 

slightly clayey SILT. Residual andesite. Below 6.2m Traces of fine 

quartz gravel. Below 8.5m Few bands of minor fine quartz gravel 

(possibly amygdales). 

BH2 

Depth (m) Description 

0.00 – 0.25 FILL comprising moist, dark reddish brown speckled black, intact, 

slightly clayey silty sand with traces of coarse, medium and fine 

subangular quartz gravel. 

0.25 – 0.50 FILL comprising moist, reddish brown mottled yellow brown and 

black, intact silty sand with abundant subangular quartz gravel and 

abundant ferruginous concretions. 

0.50 – 1.00 Moist, dark reddish brown speckled black, intact, slightly clayey 

silty SAND with traces of coarse, medium and fine subangular 

quartz gravel. Aeolian. Abundant ferruginous concretions at base. 

1.00 – 1.20 Moist, dark reddish brown mottled orange brown and black, intact, 

silty SAND with abundant ferruginous concretions. Pedogenic 

horizon. 

1.20 – 2.00 Moist, reddish brown mottled orange brown, intact, slightly sandy 

clayey SILT with traces of subangular gravel and ferruginous 

concretions. Reworked residual andesite. 

2.00 – 3.50 Moist, orange brown mottled yellow brown and black speckled grey, 

relict jointed, clayey SILT. Residual andesite 

3.50 – 9.20 Moist, yellow brown stained black and reddish brown, relict jointed, 

slightly clayey SILT. Residual andesite. 
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9.20 – 10.15 Moist, yellow brown stained reddish brown and black, relict jointed, 

slightly sandy SILT. Residual andesite. 

BH3 

Depth (m) Description 

0.00 – 0.50 FILL comprising moist, dark reddish brown speckled black, intact, 

slightly clayey silty sand with traces of coarse, medium and fine 

subangular quartz gravel. 

0.50 – 0.70 FILL comprising slag, ash, coarse medium and fine subangular 

quartz gravel in a matrix of moist, yellow brown mottled brown, 

intact, silty sand. 

0.70 – 1.00 Moist, dark reddish brown speckled black, intact, slightly clayey 

silty SAND with traces of coarse, medium and fine subangular 

quartz gravel. Aeolian. Abundant subangular gravel and ferruginous 

concretions at base. 

1.00 – 1.50 Moist, dark reddish brown mottled orange brown and black, intact, 

silty SAND with abundant ferruginous concretions. Pedogenic 

horizon. 

1.50 – 2.00 Moist, reddish brown mottled orange brown, intact, slightly sandy 

clayey SILT with traces of subangular gravel and ferruginous 

concretions. Reworked residual andesite. 

2.00 – 3.70 Moist, orange brown mottled yellow brown and black speckled grey, 

relict jointed, clayey SILT. Residual andesite 

3.70 – 4.50 Moist, yellow brown stained black and reddish brown, relict jointed, 

slightly clayey SILT. Residual andesite. 

4.50 – 5.90 Moist, yellow brown stained reddish brown and black, relict jointed, 

slightly sandy SILT. Residual andesite. 

BH4 

Depth (m) Description 

0.00 – 0.20 FILL comprising slag, ash, coarse medium and fine subangular 

quartz gravel in a matrix of moist, yellow brown mottled brown, 

intact, silty sand. 

0.20 – 1.40 Moist, dark reddish brown speckled black, intact, slightly clayey 

silty SAND with traces of coarse, medium and fine subangular 

quartz gravel. Aeolian. Abundant ferruginous concretions at base. 

1.40 – 1.80 Moist, dark reddish brown mottled orange brown and black, intact, 

silty SAND with abundant ferruginous concretions. Pedogenic 

horizon. 

1.80 – 2.50 Moist, reddish brown mottled orange brown, intact, slightly sandy 

clayey SILT with traces of subangular gravel and ferruginous 

concretions. Reworked residual andesite. 

2.50 – 3.30 Moist, orange brown mottled yellow brown and black speckled grey, 

relict jointed, clayey SILT. Residual andesite. At 3m: Presence of 

50mm band of abundant coarse medium and fine subangular quartz 

gravel. 

3.30 – 4.20 Moist, yellow brown stained black and reddish brown, relict jointed, 

slightly clayey SILT. Residual andesite. At 3.5m: Traces of coarse 

medium ad fine gravel (possibly old termite workings). 
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4.20 – 7.05 Moist, yellow brown stained reddish brown and black, relict jointed, 

slightly sandy SILT with traces of coarse medium and fine gravel 

throughout (possibly old termite workings). Residual andesite. 

BH5 

Depth (m) Description 

0.00 – 1.40 FILL comprising of slag, ash, coarse medium and fine subangular 

quartz gravel in a matrix of moist, yellow brown mottled brown, 

intact, silty sand. 

1.40 – 2.00 Moist, dark reddish brown speckled black, intact, slightly clayey 

silty SAND with traces of coarse, medium and fine subangular 

quartz gravel. Aeolian. Abundant subangular gravel and ferruginous 

concretions at base. 

2.00 – 2.50 Moist, dark reddish brown mottled orange brown and black, intact, 

silty SAND with abundant ferruginous concretions. Pedogenic 

horizon. 

2.50 – 2.80 Moist, reddish brown mottled orange brown, intact, slightly sandy 

clayey SILT with traces of subangular gravel and ferruginous 

concretions. Reworked residual andesite. 

2.80 – 3.30 Olive brown stained orange brown and black, highly weathered, 

very closely jointed, fine grained, highly foliated, soft rock 

ANDESITE. 

3.30 – 4.20 As above but very stiff to very soft rock and partially reworked in 

places. 

4.20 – 7.65 Moist, olive brown mottled yellow brown stained black, relict 

jointed, slightly sandy clayey SILT. Residual andesite. 

 

B.2 Boksburg East Industrial, Boksburg 

Table B-2: Boksburg soil profiles 

Soil Profiles 

BH D1 

Depth (m) Description 

0.00 – 0.70 Black, clayey sand. FILL. 

0.70 – 1.20 Brown, clayey SAND. Transported soil. 

1.20 – 3.10 Orange brown, clayey SAND with abundant ferruginous 

concretions. Becomes closely packed in places. Traces of fine quartz 

gravel at base. 

3.10 – 3.45 Brown mottled yellow brown and orange brown, sandy CLAY with 

minor fine gravel. Reworked residual shale. 

3.45 – 3.60 Yellow brown, silty CLAY with abundant fine and medium soft rock 

shale gravel. Residual shale. 

3.60 – 4.40 Yellow brown stained red and black, relict bedded and jointed, 

clayey SILT with up to 2mm clay on joints. Residual shale. 

4.40 – 5.26 As above but no clay on joints. 
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BH D3 

Depth (m) Description 

0.00 – 0.70 No sample. 

0.70 – 1.30 Brown and red brown, clayey SAND with abundant ferruginous 

concretions. 

1.30 – 1.60 Red brown mottled grey brown, sandy CLAY with minor 

ferruginous concretions. Reworked residual intrusive. 

1.60 – 2.80 Orange brown stained black and red, relict jointed, clayey SILT. 

Residual intrusive. 

2.80 – 3.30 Brown speckled white and stained black, relict jointed, clayey SILT 

with minor fragments of very soft rock, intrusive. Residual intrusive. 

Evidence of corestone development. 

3.30 – 4.35 Brown speckled white mottled olive green and red and stained black, 

relict jointed, sandy SILT with scattered very soft rock fragments. 

Residual amygdaloidal intrusive. 

BH D4 

Depth (m) Description 

0.00 – 0.70 FILL - predominantly dark brown silty sand. Traces of ash and coal. 

0.70 – 2.00 Closely packed medium and fine hard FERRUGINOUS 

CONCRETIONS in a matrix of yellow brown and orange brown, 

sandy silt. 

2.00 – 2.50 Orange brown mottled grey brown, silty CLAY with minor 

ferruginous concretions. Reworked residual shale. 

2.50 – 3.40 Yellow brown mottled grey brown stained black, relict jointed, 

clayey SILT with minor fragments of very soft rock shale. Residual 

shale. 

3.40 – 4.40 Light brown, relict jointed, sandy SILT. Residual shale. 

4.40 – 4.50 Pink speckled yellow brown and black, relict jointed, sandy SILT. 

Residual siltstone? 

 

B.3 Welkom, Free State 

Table B-3: Welkom soil profiles 

Soil Profiles 

BH1 

Depth (m) Description 

0.00 – 0.60 Moist, brown, silty SAND. Aeolian minor ferruginous concretions 

near base. 

0.60 – 2.50 Moist, yellow mottled orange brown, shattered and slickensided, 

sandy CLAY. Reworked residual sandstone. Traces of ferruginous 

concretions. Below 1.5m traces of calcareous concretions present. 

2.50 – 3.50 Moist, grey mottled orange brown, shattered and slickensided, 

slightly sandy CLAY. Reworked residual sandstone. 
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3.50 – 4.30 Moist, light yellow brown mottled light grey, relict bedded 

micaceous silty SAND. Residual arenaceous shale. 

4.30 – 5.40 Moist, grey, shattered, clayey SILT. Residual mudstone, maybe very 

soft rock in places. 

BH2 

Depth (m) Description 

0.00 – 0.60 Very moist, brown, silty SAND. 

0.60 – 1.10 Very moist, yellow brown mottled red brown, slightly clayey 

SAND. Abundant ferruginous concretions at base. 

1.10 – 3.30 Very moist, yellow brown mottled grey, shattered and slickensided, 

sandy CLAY. Traces of ferruginous concretions. 

3.30 – 5.50 As above but with pockets of grey, silty CLAY. Possibly bands and 

lenses of residual mudstone. Below 5m fragments of highly 

weathered mudstone present. 

5.50 – 5.80 Moist, grey, silty CLAY. Abundant fragments of highly weathered 

mudstone. Residual mudstone. 

BH3 

Depth (m) Description 

0.00 – 0.60 Moist, dark brown, silty SAND. 

0.60 – 1.00 Moist, yellow brown mottled red brown, shattered, sandy CLAY. 

Reworked residual sandstone. 

1.00 – 3.30 Moist, yellow brown mottled grey, shattered and slickendsided, 

sandy CLAY. Traces of ferruginous concretions. Below 3m traces 

of calcareous concretions. Reworked residual sandstone. 

3.30 – 4.40 Moist, grey mottled orange brown, shattered (slaked), silty CLAY. 

Residual mudstone. 

4.40 – 5.45 Moist, grey, shattered (slaked), clayey SILT. Residual mudstone 

with thin bands up to 20mm thick of highly weathered, very soft 

rock mudstone. 

BH4 

Depth (m) Description 

0.00 – 0.60 Moist, brown, silty SAND. 

0.60 – 0.80 As above but with abundant ferruginous concretions 

0.80 – 2.50 Moist, yellow brown mottled grey, shattered and slickendsided, 

sandy CLAY. Below 1.5m traces of calcareous concretions. 

2.50 – 4.50 Moist, olive brown mottled grey and orange, shattered and 

slickensided, slightly sandy CLAY with pockets of grey, silty 

CLAY. Partially reworked residual mudstone. 

4.50 – 5.50 Moist, olive green stained black, shattered (slaked), clayey SILT. 

Residual mudstone. 

5.50 – 8.00 As above but with bands of highly weathered very soft rock 

mudstone. 

BH5 

Depth (m) Description 

0.00 – 0.90 Moist, brown, intact, silty SAND. 

0.90 – 1.40 Slightly moist, yellow brown mottled grey, shattered and 

slickensided, sandy CLAY. Abundant calcareous concretions. 
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1.40 – 2.70 Moist, olive brown mottled grey brown, shattered and slickensided, 

slightly sandy CLAY. Traces of ferruginous and calcareous 

concretions. Reworked residual mudstone. 

2.70 – 3.40 Moist, olive brown stained black, shattered (slaked), clayey SILT 

with traces of calcareous concretions. Residual mudstone. Lenses of 

highly weathered mud rock present. 

BH6 

Depth (m) Description 

0.00 – 0.80 Moist, brown, intact, silty SAND. 

0.80 – 4.00 Moist, yellow brown mottled grey, shattered and slickensided, sandy 

CLAY, minor ferruginous concretions which decreases in 

abundance with depth. 

4.00 – 5.20 Moist, olive brown mottled orange brown, shattered (slaked), 

slightly sandy CLAY with lenses of olive green clayey SILT. 

Partially reworked residual mudstone. Refusal in olive brown, 

clayey SILT. Residual mudstone. 

 

B.4 Hennenman, Ventersburg, Free State 

Table B-4: Hennenman soil profiles 

Soil Profiles 

P1 

Depth (m) Description 

0.00 – 1.40 Red brown, silty fine SAND. 

1.40 – 2.90 Orange brown mottled brown and black, clayey SAND with minor 

ferruginous concretions. 

2.90 – 4.60 Light grey mottled black and orange brown, shattered, silty CLAY 

with abundant calcareous concretions. 

4.60 – 6.10 Light grey stained black, relict bedded, silty CLAY with abundant 

very soft rock, mudstone fragments. Residual mudstone. 

P2 

Depth (m) Description 

0.00 – 0.90 Red brown, silty fine SAND with minor ferruginous concretions at 

base. 

0.90 – 2.70 Orange brown mottled brown and black, clayey SAND with minor 

ferruginous concretions. 

2.70 – 3.77 Light grey stained black and orange, shattered, silty CLAY with 

abundant calcareous concretions. Residual mudstone? 

P3 

Depth (m) Description 

0.00 – 0.30 Light brown, silty SAND with abundant roots. Transported soil. 

0.30 – 1.00 Dark grey brown, shattered, sandy CLAY with small pockets of sand 

and scattered calcareous concretions. 

1.00 – 1.30 Light brown, silty SAND with pockets of grey brown, clayey sand. 
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1.30 – 3.30 Light brown mottled orange brown, grey brown and black, shattered, 

sandy CLAY with traces of fine gravel and scattered calcareous 

concretions and pockets of light brown, silty sand. 

3.30 – 4.00 Light brown mottled orange and white, shattered, silty CLAY with 

abundant calcareous concretions. 

4.00 – 4.50 As above but sample very wet. 

4.50 – 5.40 Light brown mottled orange and white, moderately cemented, silty 

CLAY with abundant calcareous concretions. 

P4 

Depth (m) Description 

0.00 – 0.50 Brown, intact, silty SAND. Hillwash. 

0.50 – 1.60 Brown and orange brown, sandy CLAY. Appears shattered and 

slickensided. Minor calcrete at 1.2 m. 

1.60 – 1.80 Orange brown mottled light grey, silty SAND. Reworked residual 

sandstone? 

1.80 – 3.50 As above but clayey sand. Becomes a sandy clay with depth. 

Shattered and slickensided in places. 

3.50 – 4.50 Orange brown mottled grey, clayey SAND. Reworked residual 

sandstone. 

4.50 – 5.30 Light brown, sandy and clayey SILT with minor calcareous 

concretions at base. Refusal apparently on hardpan calcrete. 

P5 

Depth (m) Description 

0.00 – 0.20 Dark brown mottled red, slightly clayey silty fine SAND. 

0.20 – 0.50 Brown mottled orange brown, slightly clayey silty fine SAND. 

0.50 – 1.20 Brown mottled light grey, orange and black, clayey fine SAND with 

abundant ferruginous concretions. 

1.20 – 2.50 Orange brown banded light grey, relict bedded, micaceous clayey 

SILT. Residual shale. From 2.2 - 2.3m: Abundant silcrete 

concretions? 

2.50 – 2.70 Orange brown banded light grey, micaceous silty fine SAND. 

Residual sandstone with thin bands of shale. 

P6 

Depth (m) Description 

0.00 – 0.30 Brown, silty SAND. Hillwash. 

0.30 – 0.90 Dark brown, shattered and slickensided, sandy CLAY. Transported 

soil. 

0.90 – 1.80 Brown and orange brown, silty and sandy CLAY with minor 

calcareous concretions at base. 

1.80 – 4.80 Orange brown mottled light grey, sandy CLAY. Reworked residual 

sandstone. Appears shattered and slickensided. 

4.80 – 6.10 Dark orange brown mottled grey brown. silty SAND. Residual 

sandstone. Occasional bands of clay up to 200mm thick. 

6.10 – 7.30 Grey brown mottled orange brown, sandy CLAY with minor 

calcareous concretions. 

P7 

Depth (m) Description 

0.00 – 0.30 Brown, silty fine SAND. Transported soil. 
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0.30 – 0.60 Dark brown, clayey fine SAND. 

0.60 – 0.90 Grey brown mottled orange and brown, clayey fine SAND. 

0.90 – 3.37 Light grey brown, shattered, silty CLAY with abundant calcareous 

concretions and scattered ferruginous concretions. Appears to be 

slightly ferruginised at base. 

P8 

Depth (m) Description 

0.00 – 0.90 Red brown, silty fine SAND with minor ferruginous concretions at 

base. 

0.90 – 1.50 Red brown mottled brown and black, slightly ferruginised silty 

CLAY. 

1.50 – 2.50 Orange brown mottled light brown, clayey SAND. 

2.50 – 3.70 Light brown mottled orange and speckled black, shattered, silty 

CLAY with traces of calcareous concretions. 

P9 

Depth (m) Description 

0.00 – 0.90 Red brown, silty fine SAND with minor ferruginous concretions at 

base. 

0.90 – 1.50 Red brown mottled brown and black, slightly ferruginised silty 

CLAY. 

1.50 – 2.60 Light brown mottled black, shattered, silty CLAY with traces of 

ferruginous and calcareous concretions. 

2.60 – 2.85 Brown, highly weathered, SILTSTONE. 

 

B.5 Soweto, Johannesburg 

Table B-5: Soweto soil profiles 

Soil Profiles 

BH2 

Depth (m) Description 

0.00 – 1.00 No sample. 

1.00 – 1.20 Orange brown mottled black, clayey SAND with abundant gravel 

and hard ferruginous concretions. 

1.20 – 2.00 Yellow brown, relict jointed, sandy SILT. Residual andesite. 

2.00 – 2.35 Brown speckled white, relict jointed, sandy SILT. Residual andesite. 

Minor vein quartz at base 

BH4 

Depth (m) Description 

0.00 – 3.00 No sample. 

3.00 – 4.10 Yellow brown, relict jointed, clayey SILT. Residual andesite. From 

3.45 - 3.90: No sample 

4.10 – 4.35 Yellow brown mottled light grey, relict jointed, sandy SILT. 

Residual andesite. 

BH10 
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Depth (m) Description 

0.00 – 3.00 No sample. 

3.00 – 3.60 Yellow brown, relict jointed, clayey SILT. Residual andesite. 

3.60 – 4.00 Yellow brown, relict jointed, sandy SILT. Residual andesite. 

4.00 – 4.60 Orange brown speckled white, relict jointed, clayey SILT. Residual 

andesite. 

4.60 – 5.20 Brown speckled white mottled black, relict jointed, silty CLAY. 

Residual andesite. 

5.20 – 5.45 Orange brown speckled white, relict jointed, sandy SILT. Residual 

andesite. 

5.45 – 5.85 Brown mottled orange brown and black, relict jointed, sandy SILT 

with minor fine gravel. Residual amygdaloidal andesite. 

 

B.6 Braamfontein, Johannesburg 

Table B-6: Braamfontein soil profiles 

Soil Profiles 

BH1 

Depth (m) Description 

0.00 – 1.00 FILL - Builders rubble and red brown, silty sand. 

1.00 – 3.20 Red brown, clayey silty fine SAND. Aeolian. 

3.20 – 3.80 As above but with minor soft ferruginous concretions and traces of 

fine gravel. 

3.80 – 4.00 Red brown, clayey SILT. Reworked residual andesite. 

4.00 – 4.50 Red brown mottled orange, clayey SILT. Reworked residual 

andesite. 

4.50 – 9.45 Orange brown mottled yellow and streaked black, relict jointed, 

clayey SILT. Residual andesite. 

BH4 

Depth (m) Description 

0.00 – 1.00 Red brown, clayey silty fine SAND with scattered fine gravel at 

base. Aeolian. 

1.00 – 1.80 Red brown, clayey silty fine SAND. Aeolian. 

1.80 – 2.50 As above but with abundant gravel. 

2.50 – 3.50 Red brown mottled yellow, clayey SILT. Reworked residual 

andesite. 

3.50 – 9.45 Orange brown streaked yellow and black, relict jointed, clayey SILT 

with scattered gravel. Residual amygdaloidal andesite. 
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B.7 Anderson Street, Johannesburg 

Table B-7: Anderson Street soil profile 

Soil Profile 

BH1 

Depth (m) Description 

0.00 – 1.00 Red soil. 

1.00 – 1.45 Red soil. 

1.45 – 2.00 Red soil. 

2.00 – 2.45 Red soil. 

2.45 – 3.00 Red soil. 

3.00 – 3.45 Red soil. 

3.45 – 4.00 Red soil. 

4.00 – 4.45 Red soil. 

4.45 – 5.00 Red soil/clay. 

5.00 – 5.45 Red soil/clay. 

5.45 – 5.70 Red soil/clay. 

5.70 – 6.15 Red soil/clay. 

6.15 – 6.70 Clay. 

6.70 – 7.15 Clay. 

7.15 – 7.60 Clay. 

 

B.8 Parktown, Johannesburg 

Table B-8: Parktown soil profiles 

Soil Profiles 

BH1 

Depth (m) Description 

0.00 – 0.50 FILL - orange brown, clayey silt. 

0.50 – 3.00 FILL - predominantly ash with minor coal and refuse. Has 

occasional layers of clay. 

3.00 – 3.40 Grey brown and black, clayey SAND. 

Hillwash? 

3.40 – 4.20 Dark grey, sandy CLAY with minor roots. Alluvium. Samples very 

moist to wet below 3.0m. 

4.20 – 4.90 Dark grey mottled brown, clayey SAND. Alluvium. Minor medium 

shale gravel below 4.7m. 

4.90 – 5.40 Grey brown, clayey SAND. Alluvium? 

5.40 – 6.45 Orange brown, clayey silty SAND. Minor roots present. 

6.45 – 7.00 Orange brown mottled grey, clayey medium SAND. Alluvium. 

7.00 – 7.45 Light grey, silty coarse SAND with abundant quartz and quartzite 

gravel. Alluvium or talus? 
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BH2 

Depth (m) Description 

0.00 – 0.30 Reddish brown, silty sand. FILL. 

0.30 – 1.00 Orange brown, clayey silt. FILL. 

1.00 – 1.50 Brown, silty sand. FILL. 

1.50 – 3.40 Dark grey mottled brown, clayey SILT. Alluvium? Possibly 

shattered. Becomes more clayey with depth. Evidence of abundant 

roots - now open channels. Sample wet. 

3.40 – 4.70 Brown mottled orange brown, clayey SAND with abundant medium 

highly weathered, quartz shale and quartzite gravel. Alluvium or 

talus? Becomes less clayey and coarser gravel towards base. 

4.70 – 5.30 Light grey mottled brown, sandy CLAY. Alluvium. Occasional 

lenses of coarse sand up to 0.2m thick. 

5.30 – 5.45 Grey, slightly clayey SAND. Alluvium. 

BH3 

Depth (m) Description 

0.00 – 0.80 FILL - yellow brown and red brown, clayey silt. Single band of ash 

and coal at approximately 0.5m, 0.15m thick. 

0.80 – 1.50 Orange brown mottled red and yellow, clayey SILT. Reworked 

residual intrusive? 

1.50 – 3.40 Orange brown mottled red and yellow and speckled purple, relict 

jointed, clayey SILT. Residual intrusive? Becomes less clayey with 

depth. 

3.40 – 4.45 Orange brown speckled purple and yellow, relict jointed, slightly 

sandy SILT. Residual intrusive. 

BH4 

Depth (m) Description 

0.00 – 0.30 Brown, silty SAND with abundant fine gravel and roots. Possibly 

imported topsoil. 

0.30 – 1.50 Yellow brown and purple brown, clayey silt. FILL. Quartz vein at 

0.5m. 

1.50 – 4.35 Reddish brown, silty sand. FILL? 

4.35 – 4.90 Yellow brown, highly weathered, QUARTZITE. Bedrock? 

BH5 

Depth (m) Description 

0.00 – 0.20 Brown, silty SAND with abundant fine gravel and roots. Possibly 

imported topsoil. 

0.20 – 0.40 Brown, silty sand with minor coarse, medium and fine gravel. FILL? 

0.40 – 1.00 Purple brown, clayey silt with minor coarse, medium and fine 

gravel. FILL. 

1.00 – 2.40 Reddish brown, clayey SAND. Hillwash. 

2.40 – 3.25 Closely packed, quartz and quartzite GRAVEL in a matrix of brown, 

silty sand. Talus. 

3.25 – 4.40 Orange brown mottled red brown, clayey SILT. Reworked residual 

intrusive. 

4.40 – 5.00 Yellow brown mottled purple brown, clayey SILT. Residual 

intrusive. 

BH6 
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Depth (m) Description 

0.00 – 0.40 Brown, silty SAND with abundant fine gravel and roots. Possibly 

imported topsoil. 

0.40 – 1.50 Orange brown mottled brown, clayey SILT. Reworked residual 

intrusive. 

1.50 – 2.45 Orange brown, speckled yellow and black, relict jointed, sandy 

SILT. Residual intrusive. 

2.45 – 2.80 Yellow brown speckled orange brown, relict jointed, sandy SILT. 

Residual intrusive. 

2.80 – 3.30 Light greenish grey speckled black, relict jointed, sandy SILT. 

Residual intrusive. Driller reports refusal on rock - possibly 

corestone. 

BH7 

Depth (m) Description 

0.00 – 0.60 Brown, silty SAND with abundant fine gravel and roots. Possibly 

imported topsoil. 

0.60 – 1.00 FILL - red brown, silty sand with minor gravel. 

1.00 – 2.50 Red brown, clayey and silty SAND with traces of fine gravel. Fill? 

Possibly alluvium? 

2.50 – 3.80 Yellow brown mottled reddish brown, sandy CLAY with minor fine 

gravel and ferruginous concretions. Alluvium? 

3.80 – 5.00 Yellow brown mottled light grey, clayey SAND. Alluvium? Has 

traces of fine gravel. Becomes less clayey with depth. 

BH8 

Depth (m) Description 

0.00 – 0.50 Brown, silty SAND with abundant fine gravel and roots. Possibly 

imported topsoil. 

0.50 – 1.00 FILL - purple brown, clayey silt with minor shale fragments and ash. 

1.00 – 2.30 Reddish brown clayey and silty SAND. Hillwash. Abundant fine 

and medium, gravel at base. 

2.30 – 3.30 Closely packed, highly weathered, very soft rock to medium hard 

rock, quartzite GRAVEL in a matrix of brown, clayey sand. Talus? 

3.30 – 4.10 Reddish brown mottled black and grey, sandy CLAY. Reworked 

residual intrusive. 

4.10 – 5.00 Yellow brown mottled red, silty CLAY. Reworked residual 

intrusive. Becomes clayey silt towards base. 

 

B.9 Chloorkop, Johannesburg 

Table B-9: Chloorkop soil profiles 

Soil Profiles 

BH1 

Depth (m) Description 

0.00 – 0.10 Brown silty SAND. Organic-rich topsoil. 
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0.10 – 0.80 Red brown silty SAND with abundant fine gravel. Hillwash. 

0.80 – 1.25 Red brown mottled orange and speckled white slightly clayey silty 

SAND with abundant fine and medium gravel. 

1.25 – 1.60 Red brown mottled white and speckled black clayey silty SAND 

with abundant fine quartz gravel and pockets of brown silty sand. 

Reworked residual granite. 

1.60 – 2.10 White and pink speckled red brown silty medium SAND. Residual 

granite. 

2.10 – 2.90 Red brown mottled white and speckled black clayey silty SAND 

with abundant fine quartz gravel and pockets of brown silty sand. 

Reworked residual granite. 

2.90 – 4.60 White and pink speckled red brown silty coarse SAND. Residual 

granite. Abundant quartz at base – possibly quartz vein. 

4.60 – 5.30 Red speckled white and black slightly clayey silty coarse SAND. 

Residual granite. 

5.30 – 5.80 White and pink speckled black slightly clayey silty coarse SAND. 

Residual granite. 

5.80 – 6.10 Red speckled white and black slightly clayey silty coarse SAND. 

Residual granite. 

6.10 – 7.80 White and pink speckled black slightly clayey silty coarse SAND. 

Residual granite. 

7.80 – 8.50 Green and pink mottled and speckled black slightly clayey silty 

coarse SAND. Residual granite. 

8.50 – 8.87 Greenish grey mottled red brown silty coarse SAND with abundant 

fine gravel. Residual granite. 

BH2 

Depth (m) Description 

0.00 – 0.10 Brown slightly clayey silty SAND. Organic-rich topsoil. 

0.10 – 1.30 Red brown slightly clayey silty SAND with abundant fine gravel. 

Hillwash. 

1.30 – 3.45 Red brown speckled white and black clayey silty SAND with 

abundant gravel and small pockets of orange brown silty sand. 

Reworked residual granite. 

BH3 

Depth (m) Description 

0.00 – 0.20 Grey brown slightly clayey silty SAND. Organic-rich topsoil. 

0.20 – 0.60 Brown silty SAND with abundant fine gravel. Hillwash. 

0.60 – 1.00 Red brown silty SAND. Hillwash. 

1.00 – 1.20 Red brown speckled white and black silty SAND with abundant fine 

gravel and traces of ferruginous concretions. Reworked residual 

granite. 

1.20 – 3.10 Red brown mottled yellow brown speckled white and black slightly 

clayey silty SAND with pockets of orange brown silty sand and 

abundant fine gravel. Reworked residual granite. 

3.10 – 3.45 Red speckled white and yellow brown silty coarse SAND with 

abundant fine quartz gravel. Residual granite. 
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B.10 Matola, Maputo, Mozambique 

Table B-10: Matola soil profiles 

Soil Profiles 

BH A 

Depth (m) Description 

0.00 – 14.00 Dark reddish orange, medium density, occasional loose pockets, 

unconsolidated, very uniform silty fine sand with occasional more 

cemented nodules and very fine roots. Dune deposit. Occasional 

cemented, possibly calcified nodules becoming more apparent 

below 8.0m. Off white, shelly hard rock sandstone fragments 

becoming more apparent in profile below 12.5m. 

14.00 – 14.60 Alternating layers of moderately to completely weathered, variably 

cemented, possibly dense to medium hard rock, porous, shelly 

sandstone/ limestone. Cretaceous. 

14.60 – 19.20 Alternating zones of slightly weathered off white, grey and reddish 

orange, possibly very dense to medium hard rock, porous, shelly 

sandstone? Limestone. Cretaceous. Highly cemented in harder 

layers. Predominant highly weathered zones at 15.3 – 15.4m, 15.9 – 

16.1m, 16.25 – 16.5m, 17.15 – 17.25m. 

19.20 – 19.50 Light khaki blotched dark brown variably cemented including 

harder fragments, soft rock, shelly and gravelly sandstone. 

Cretaceous. 

19.50 – 23.50 Highly to completely weathered dark khaki grey, very soft rock, 

highly fissured and shattered mud rock. Cretaceous. Brittle very 

siliceous hard rock within mud rock from 22.35 -22.5m. 

23.50 + Moderately weathered khaki grey, soft rock moderately closely 

jointed fine grained sandstone. Joints tend to be steeply orientated 

with clay infill. Joint surface relatively smooth some concoidal 

fracturing in the more mud rock horizon. 

BH B 

Depth (m) Description 

0.00 – 11.40 Reddish orange, medium density becoming denser with depth, 

unconsolidated slightly silty fine sand. Dune deposit. 

11.40 – 18.45 Highly to completely weathered light brown off white and grey, 

possibly dense through very soft rock, cemented shelly sandstone. 

Cretaceous. Regular dark orange sand partings between layers of 

hard rock quality material. Much of core is broken up into blocky 

moderately cemented, possibly lens like features. Free moisture 

released on breaking of cemented sticks of core. Generally mass 

consolidated as interpreted as no better than very soft rock. Very 

well cemented porous shelly sandstone/limestone zones at 14.85 – 

15.6m and 17.6 – 18.45m. Completely shelly sandstone zones at 

15.6 – 16.6m and 17.35 – 17.6m. 

18.45 – 19.25 Highly to completely weathered khaki to dark yellow possibly very 

soft rock, fine gravelly shelly clayey silt, mud rock. Cretaceous. 

Very well cemented porous shelly sandstone at 19.05 – 19.2m. 
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19.25 – 19.60 Highly weathered off white khaki grey s and brown, possibly very 

stiff to very soft rock, gravelly and fragmented mud rock, gravelly 

interface layer. Mud rock. 

19.60 + Moderately weathered, khaki grey stained orange, very soft rock, 

moderately thinly bedded occasionally sub vertical joints, stained 

black, very rough and concoidally fractured joints. Mud rock. 

Regions of highly weathered and high frequency at 21.7 – 22.3m 

and 23.9 – 24.2m. Inclusion of light grey medium hard rock possibly 

sandstone band from 22.25 – 22.55m. 

BH C 

Depth (m) Description 

0.00 – 1.00 Dark brown loose to medium dense, unconsolidated slightly silty 

sand. Topsoil. 

1.00 – 12.00 Red brown medium dense to dense unconsolidated slightly silty 

sand with occasional cemented nodules. Dune deposit. 

12.00 – 15.00 Highly to completely weathered, khaki brown orange brown and off 

white possibly very dense through medium hard rock, porous, 

slightly shelly sandstone. Cretaceous. Internal note: Joint surfaces 

generally smooth with occasional slight concoidal fracturing. 

15.00 – 19.10 Moderately weathered, off to grey, stained orange and black, 

medium to hard rock slightly porous shelly sandstone. Cretaceous. 

Internal note: Regions of khaki and orange brown completely 

weathered sandstone as above at 15.85 – 15.95m and 16.4 – 17.0m. 

19.10 – 19.70 Highly weathered, grey stained orange, medium hard rock with 

gravel and cobble inclusions fragmented mud rock. Cretaceous. 

Internal note: This horizon serves as a transition interface between 

sandstone and mud rock. 

19.70 + Moderately weathered, light grey and khaki brown stained orange, 

soft rock widely bedded and generally horizontal joints, stained 

black slightly concoidal fractures, mud rock. Cretaceous. 

BH D 

Depth (m) Description 

0.00 – 11.80 Red brown, medium dense but loose in upper 1.5m, unconsolidated 

slightly silty fine sand hosting occasional cemented nodules with 

depth. Dune deposit. 

11.80 – 19.05 Highly to completely weathered, blotched and mottled orange 

brown, grey and mustard yellow speckled black soft to medium hard 

rock, porous, shelly sandstone. Cretaceous. Regions of highly 

weathered soft rock at 12.6 – 12.7m, 13.0 – 13.1m, 16.4 – 16.6m, 

and 17.3 – 18.5m. Regions of highly weathered medium hard rock 

at 13.5 – 13.9m and 16.0 – 16.2m. 

19.05 – 20.35 Moderately weathered, grey and khaki brown speckled black, red 

and orange, soft to medium hard rock, hosting cobbles and gravels 

slightly fragmented mud rock. Internal note: Horizon is sandstone/ 

mud rock interface slightly more weathered than previous holes. 
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20.35 + Slightly weathered khaki brown stained orange and black, very soft 

rock, moderately widely bedded with generally horizontal joint, 

joint surface slightly rough stained black mud rock. Cretaceous. 

Region of sub vertical jointing at 21.15 – 21.5m, 23.9 – 24.1m and 

23.9 – 24.1m. 

BH E 

Depth (m) Description 

0.00 – 13.50 Red brown, medium dense but loose in upper 1.5m, unconsolidated 

and slightly silty sand hosting occasional cemented nodules with 

depth. Dune deposit. 

13.50 – 16.00 Moderately weathered, dark orange becoming khaki brown speckled 

black, very soft to soft rock, porous sand sandstone. Cretaceous. 

Regions of completely weathered material at 14.0 – 14.2m, 15.0 – 

15.1m, and 15.325 – 16.0m. 

16.00 – 19.70 Moderately weathered, grey blotched off white and orange, medium 

hard rock, porous, shelly sandstone. Cretaceous. Regions of 

complete weathering at 17.2 – 17.4m and 18.8 – 19.0m. Further 

regions of highly weathering and multiple fractures 17.75 – 18.0m. 

19.70 – 20.00 Moderately weathered grey brown speckled black, soft to medium 

hard rock with gravel and cobble inclusions, fragmented mud rock. 

This horizon serves as transition interface between sandstone and 

mud rock. 

20.00 + Slightly to moderately weathered, khaki brown stained orange, very 

soft to soft rock, moderately widely bedded, horizontally and 

slightly inclined joints joint surface generally smooth with slight 

concoidal fracturing mud rock. Region of high fracture frequency 

and high weathering at 21.2 – 21.35m and 23.95 – 24.25m. 

BH F 

Depth (m) Description 

0.00 – 11.10 Red brown, medium dense, unconsolidated, silty fine sand with 

occasional cemented nodules. Dune deposit. 

11.10 – 15.30 Highly to completely weathered orange brown blotched grey, soft 

rock, apparently porous, slightly shelly sandstone. Regions of 

medium hard rock at 11.1 – 11.3m, 12.0 – 12.2m and 13.9 – 14.0m. 

15.30 – 19.90 Moderately weathered, light yellow brown blotched grey, medium 

hard rock, thinly to medium bedded, horizontal rough joints, porous, 

shelly sandstone. Region of complete weathering at 16.5 – 16.7m. 

19.90 – 21.80 Moderately weathered, light khaki brown speckled orange, black 

and red, medium hard rock with gravel and cobble inclusions 

slightly fragmented mud rock. Horizon serves a transition between 

sandstone and mud rock. Region of complete weathering at 20.0 – 

20.3m. 

21.80 – 29.39 Slightly weathered khaki brown stained orange and black soft rock, 

thinly bedded with smooth sub-vertical and horizontal joints, joint 

surface smooth and stained black, mud rock. Region of complete 

weathering at 21.8 – 22.3m. Region of high fracture at 24.1 – 

24.75m. Joint surface becoming less stained with depth. 

BH G 

Depth (m) Description 

Stellenbosch University https://scholar.sun.ac.za



246 

 

0.00 – 12.00 Red brown speckled black, medium dense with loose pockets, 

unconsolidated, silty fine sand hosting occasional cemented nodules 

with depth and roots in the upper 1.5m. Dune deposit. 

12.00 – 15.80 Highly to completely weathered, light grey, mustard yellow and 

orange brown, soft to medium hard rock, porous, shelly sandstone. 

Cretaceous. Region of moderately weathered medium hard rock at 

13.6 – 13.8m and 14.3 – 14.5m. 

15.80 – 19.10 Moderately weathered light khaki brown stained black and orange 

soft rock, moderately widely bedded, generally horizontal joints, 

joint surface rough with slight concoidal fractures, sandstone. 

Cretaceous. Regions of complete weathering at 16.5 – 16.85m and 

17.4 – 18.1m. 

19.10 – 19.80 Moderately to highly weathered light grey blotched orange and 

black, medium hard rock with gravel and cobble stone inclusions 

fragmented mud rock. Horizon serves as sandstone/mud rock 

interface. 

19.80 + Moderately weathered khaki brown blotched grey brown, very soft 

to soft rock, widely bedded, horizontal stained black joints, joint 

surface rough becoming smoother with depth, coarse grained mud 

rock. Cretaceous. Region of sub vertical jointing at 21.85 – 22.0m. 

Rock becoming finer grained and less weathered with depth. 

BH H 

Depth (m) Description 

0.00 – 16.00 Red brown speckled black, medium dense becoming dense with 

depth, unconsolidated, slightly silty fine sand with occasional 

cemented nodules with depth. Dune deposit. 

16.00 – 19.85 Highly to completely weathered red brown and khaki brown 

speckled off white and black , soft rock, very porous, shelly 

sandstone. Possibly cretaceous. Regions of highly weathered soft 

rock at 15.3 – 15.4m and 16.8 – 17.0m. Region of moderately 

weathered medium hard rock at 19.7 – 19.8m. 

19.85 – 20.20 Moderately weathered light grey speckled orange and black, 

medium hard rock hosting fine cobble and gravel inclusions slightly 

fragmented mud rock. Horizon serves as sandstone/mud rock 

interface. 

20.20 + Slightly weathered khaki brown stained orange and black, very soft 

rock, thinly bedded, horizontal through sub vertical joints, joint 

surface smooth with occasional concoidal fracturing, mud rock. 

Cretaceous. Regions of moderately weathered, highly fractured rock 

at 20.5 – 20.8m, 22.5 – 22.8m, 24.2 – 24.3m and 25.0 – 25.3m. 

BH I 

Depth (m) Description 

0.00 – 14.90 Red brown speckled black, medium dense unconsolidated, silty sand 

hosting abundant cemented nodules. Dune deposit. 

14.90 – 18.60 Slightly weathered, light grey mottled and blotched orange brown, 

light khaki and black, medium hard rock, porous, thinly bedded, 

horizontal rough joints, very shelly sandstone. Region of high 

fracture at 16.1 – 17.0m. Regions of complete weathering at 17.75 – 

18.0m and 18.2 – 18.55m. 
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18.60 – 20.25 Slightly weathered, blotched and mottled grey, khaki orange and 

clack, medium hard rick, hosting cobble and gravel inclusions, 

slightly fragmented mud rock. Horizon serves as transition between 

sandstone and mud rock. Region of high fracture and moderate 

weathering at 19.6 – 20.25m. 

20.25 + Slightly weathered, khaki brown speckled black, very soft to soft 

rock, thinly to medium bedded, horizontal stained black slightly 

rough joints becoming smoother with depth occasional concoidal 

fractures mud rock. Region of high fracture and moderate 

weathering at 21.6 – 22.5m. Rock quality becoming finer grained 

with depth. Region of high fracture and slight weathering at 23.9 – 

24.85m. 

BH J 

Depth (m) Description 

0.00 – 0.50 Dry, red brown, possibly loose, unconsolidated, silty fine sand with 

roots. Wind blown. 

0.50 – 12.75 Dry to slightly moist (in-situ), dark ored orange with occasional dark 

brown and yellow blotches generally medium dense becoming dense 

below 12.0m, unconsolidated, silty fine sand. Dune deposit. 

Possibly highly cemented below 12.0m. 

12.75 – 15.35 Slightly weathered, khaki through olive grey, medium hard to hard 

rock, moderately closely jointed, near horizontal to slightly inclined 

joints with occasional discolouration of overlying deposits, 

cemented with well-defined shell inclusions, sandstone. Cretaceous. 

Highly cemented, relatively porous with evidence of transported 

material above in pores, shelly horizons at 14.05 – 14.4m and 14.9 

– 15.35m. Relatively weathered sandstone stained reddish orange, 

wide join zones and significant core loss at 14.45 – 14.9m. 

15.35 – 20.10 Highly to completely weathered, khaki grey and yellow orange, 

dense to very dense through medium rock variably cemented and 

jointed cemented sandstone. Cretaceous. Better defined shelly 

cemented layer at 16.3 – 16.9m. Highly weathered zones with 

significant core loss at 16.5m, 17.0 – 18.0m, 19.5m and 20.0 – 

20.1m. Significantly well rounded pebble and gravel inclusion layer 

at 20.1 – 20.5m pebbles possibly chert, basalt or quartz. 

20.10 – 20.50 Well rounded pebbly features as above but cemented into hard rock, 

possibly lime based material. 

20.50 + Completely weathered, khaki grey and yellow orange, medium 

dense to dense (SPT from 22.9 – 23.3m) variably cemented and 

jointed, cemented sandstone. Cretaceous. 

BH K 

Depth (m) Description 

0.00 – 13.50 Red brown, medium dense unconsolidated, silty sand with 

occasional gravels in upper 3.0m and cement nodules below 10.5m. 

Dune deposit. 

13.50 – 15.30 Completely weathered, orange brown speckled mustard yellow, 

grey and black, apparently intact, possible porous sandstone. 
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15.30 – 18.75 Slightly to moderately weathered, mottled and blotched light grey 

and light khaki blotched mustard yellow, medium hard rock, slightly 

porous, generally medium bedded with horizontal rough joints gritty 

sandstone. Cretaceous. Regions of completely weathered sandstone 

at 15.5 – 15.6m, 17.4 – 17.5m and 18.1 – 18.4m. 

18.75 – 19.80 Slightly weathered, mottled and blotched mustard orange, khaki and 

grey, medium hard rock, generally well cemented, hosting gravels 

and cobbles, slightly fragmented mud rock. Horizon serves as 

transition from sandstone to mud rock. 

19.80 + Slightly moderately weathered, khaki brown speckled and orange, 

soft rock, medium bedded, horizontal jointing, slightly rough joints, 

mud rock. Cretaceous. Coarse grained rock becoming finer with 

depth. Region of sandstone band from 21.7 – 21.9m. Regions of 

highly fractured and weathered mud rock at 19.9 – 20.1m and 22.3 

– 22.6m. Regions of sub-vertical jointing at 22.8 – 23.0m and 24.6 

– 25.1m. 

BH L 

Depth (m) Description 

0.00 – 0.70 Light brown loose, unconsolidated, silty fine sand with roots. 

Topsoil. 

0.70 – 13.35 Red brown speckled black, loose becoming medium dense, 

unconsolidated, silty fine sand, with abundant cemented nodules 

below 9.5m. Dune deposit. 

13.35 – 19.80 Slightly weathered light grey mottled and blotched orange brown 

speckled black, medium hard rock, medium bedded, rough 

horizontal joints, porous. Slightly shelly sandstone. Regions of 

complete weathering at 13.5 – 13.65m, 14.1 – 14.3m, 15.75 – 16.4m, 

17.6 – 18.9m and 19.3 – 19.4m. Regions of high shell inclusion, 

porous medium hard rock at 15.0 – 15.75m. 

19.80 – 22.00 Moderately weathered, khaki brown speckled grey and black, 

medium hard rock, with gravel and coble inclusions and occasional 

bands of highly weathered mud rock, highly fractured sandstone. 

Horizon serves as transition between sandstone and mud rock. 

22.00 + Slightly weathered khaki brown stained orange, red and black, very 

soft to soft rock, medium to widely bedded, horizontal through sub-

vertical smooth joints, mud rock. Region of high to complete 

weathering at 22.7 – 23.2m. Region of sub-vertical to vertical 

jointing at 25.2 – 26.5m. 

BH M 

Depth (m) Description 

0.00 – 12.65 Red brown, medium dense, unconsolidated, silty fine sand hosting 

occasional gravels with depth. Dune deposit. 

12.65 – 13.70 Highly to completely weathered, orange brown and yellow brown 

blotched grey, apparently porous. Coarse sand hosting one band of 

soft rock, gritty sandstone. 
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13.70 – 18.10 Moderately weathered, yellow brown blotched grey, speckled black, 

medium hard rock, porous, medium bedded, horizontal rough joints, 

slightly shelly sandstone. Cretaceous. Region of sub-vertical 

jointing at 14.3 – 14.5m. Regions of completely weathered 

sandstone at 17.2 – 17.4m and 18.7 – 19.1m. 

18.10 – 18.50 Moderately weathered light khaki brown blotched grey speckled 

black and orange, medium hard rock, including cobbles and gravels 

fragmented mud rock. Horizon serves as a transition between 

sandstone and mud rock. 

18.50 + Moderately weathered khaki brown speckled black and orange, very 

soft to soft rock, medium bedded, horizontal slightly rough stained 

orange joints, joint surface becoming smoother with depth, 

occasional slight concoidal fractures, mud rock. Cretaceous. Coarse-

grained rock becoming finer with depth. Regions of complete 

weathering at 21.35 – 21.5m, 22.3 – 22.9m and 23.6 – 24.4m. 

BH N 

Depth (m) Description 

0.00 – 15.00 Red brown speckled black, loose becoming medium dense, 

unconsolidated, silty fine sand with occasional cemented nodules 

and abundant sandstone fragments below 13.4m. Dune deposit. 

15.00 – 20.60 Moderately and completely weathered, light grey mottled and 

blotched yellow brown and dusky red, medium hard rock, horizontal 

rough joints, porous, shelly sandstone. Regions of complete 

weathering at 15.5 – 16.0m, 16.2 – 16.5m, 17.7 – 18.3m, 18.65 – 

19.2m and 19.7 – 20.0m. 

20.60 – 22.60 Slightly to moderately weathered, mottled and blotched khaki 

brown, light grey, black red, soft rock with gravel and cobble 

inclusions fragmented mud rock. Horizon serves as sandstone/mud 

rock interface. 

22.60 + Highly to completely weathered, khaki brown speckled red stained 

black, very soft to soft rock, highly fractured mud rock. Regions of 

very soft rock at 22.6 – 22.85m and 24.15 – 25.25m. 

BH X 

Depth (m) Description 

0.00 – 12.80 Red brown speckled yellow and black, medium dense becoming 

denser with depth, unconsolidated, silty fine sand with occasional 

cemented nodules. Dune deposit. 

12.80 – 20.20 Moderately and completely weathered orange brown blotched red 

brown and grey, medium hard rock, horizontal rough joints. Porous 

with occasional shelly inclusions sandstone. 

20.20 – 21.40 Moderately weathered, grey and orange brown blotched orange 

speckled black, soft rock with gravel and cobble inclusion in bands 

of sandstone and mud rock conglomerate. Horizons serve as 

transition interface between sandstone and mud rock. Complete 

weathering 21.0 – 21.4m. 
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21.40 + slightly weathered khaki brown stained orange and black soft rock, 

medium to widely bedded with horizontal slightly rough getting 

smoother with depth joints, joint surface stained black and orange 

mud rock. Coarse-grained material becoming finer with depth. Very 

widely bedded below 22.0m. 

BH Y 

Depth (m) Description 

0.00 – 0.75 Brown, loose to medium dense, unconsolidated, silty fine sand with 

roots. Topsoil. 

0.75 – 15.10 Red brown occasionally speckled black, medium dense, 

unconsolidated, silty fine sand with occasional cemented nodules. 

Dune deposit. 

15.10 – 21.40 Moderately and completely weathered red brown and khaki brown 

blotched grey speckled black, medium hard rock with occasional 

shelly inclusions, sandstone. Cretaceous. Region of medium hard 

rock at 15.75 – 16.35m, 17.9 – 18.4m, 19.6 – 19.8m and 21.2 – 

21.4m. 

21.40 – 22.00 Moderately weathered, mottled and blotched khaki brown, grey and 

black, soft to medium hard rock with gravel and cobble inclusion, 

fragmented mud rock. Horizon serves as sandstone/mud rock 

interface. 

22.00 – 24.30 Alternating bands of slightly weathered, khaki brown stained orange 

and black, soft rock mud rock and sandstone rock as above. Regions 

of complete weathering at 22.35 – 22.55m, 22.7 – 22.9m and 23.3 – 

23.35m. Sandstone bands at 22.0 – 23.2m and 24.0 – 24.3m. 

24.30 + Slightly weathered khaki brown stained black and orange soft rock, 

horizontal slightly rough stained black joints getting smoother with 

depth, thinly bedded mud rock. 

BH Z 

Depth (m) Description 

0.00 – 10.50 Red brown blotched black, medium dense, unconsolidated, slightly 

silty fine sand with roots in upper 1.0m. Dune deposit. 

10.50 – 19.60 Moderately weathered, light grey and mustard yellow speckled 

black and orange, medium hard rock, cemented, porous, shelly 

sandstone. Cretaceous. Regions of completely weathered material at 

13.3 – 14.1m, 16.5 – 16.8m, 17.5 – 18.0m and 19.2 – 19.4m. Region 

of highly weathered soft rock at 18.2 – 18.6m. 

19.60 – 19.90 Highly weathered, light khaki brown and off-white speckled black, 

soft rock including gravels and cobbles fragmented mud rock. 

Horizon serves as transition between sandstone and mud rock. 

19.90 + Moderately weathered khaki brown stained orange and black, very 

soft rock, moderately widely bedded, generally horizontal joints 

with occasional  sub-vertical joints, joint surface generally smooth 

with occasional concoidal fractures, mud rock. Regions of high 

fracture at 20.0 – 20.8m, 21.8 – 22.0m, 22.7 – 22.9m, 24.5 – 24.6m 

and 25.0 – 25.3m. 
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B.11 Matutuine, Maputo Province, Mozambique 

Table B-11: Matutuine soil profiles 

Soil Profiles 

TP1 

Depth (m) Description 

0.00 – 0.50 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant roots. Alluvium. 

0.50 – 3.00 Slightly moist, light orange brown, medium dense, intact, fine and 

medium SAND. Alluvium. Becomes light brown at base. 

Occasional pockets of orange brown, very slightly cemented sand 

up to 150mm in diameter. 

TP2 

Depth (m) Description 

0.00 – 0.30 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant fine roots. Alluvium. 

0.30 – 0.60 As above but slightly moist and loose 

0.60 – 3.00 Slightly moist, light orange brown, medium dense, intact, fine and 

medium SAND. Alluvium. 

TP3 

Depth (m) Description 

0.00 – 0.40 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant large roots. Alluvium. 

0.40 – 0.80 Slightly moist, brown, loose to medium dense, intact, silty SAND 

with minor roots. Alluvium. 

0.80 – 3.50 Slightly moist, orange brown, medium dense, intact, fine and 

medium SAND. Alluvium. 

TP4 

Depth (m) Description 

0.00 – 0.40 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant large roots. Alluvium. 

0.40 – 0.80 Slightly moist, brown, loose to medium dense, intact, silty SAND 

with minor roots. Alluvium. 

0.80 – 3.30 Slightly moist, light orange brown, medium dense, intact, fine and 

medium SAND. Alluvium. 

TP5 

Depth (m) Description 

0.00 – 0.40 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant large roots. Alluvium. 

0.40 – 2.10 Slightly moist, light orange brown, medium dense, intact, fine and 

medium SAND. Alluvium. Abundant large ferruginous concretions 

at base. 

2.10 – 2.60 Dark brown, very closely fissured, very soft rock to soft rock, 

HARDPAN FERRICRETE. 1 – 2mm of sand on fissures. 

TP6 

Depth (m) Description 
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0.00 – 0.30 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant fine roots. Alluvium. 

0.30 – 0.60 Slightly moist, brown, loose to medium dense, intact, silty SAND 

with minor roots. Alluvium. 

0.60 – 2.30 Slightly moist, light orange brown, loose to medium dense, intact, 

fine and medium SAND. Alluvium. 

2.30 – 3.20 Moist, dark brown mottled orange brown, stiff, intact, clayey 

SAND. Alluvium. Pockets of dark orange brown, dense, slightly 

ferruginous sand. 

TP7 

Depth (m) Description 

0.00 – 0.35 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant large roots. Alluvium. 

0.35 – 0.70 Slightly moist, light brownish grey mottled orange brown, medium 

dense, intact, silty SAND. Alluvium. 

0.70 – 1.80 Moist, dark brown mottled orange brown, stiff, intact, clayey 

SAND. Alluvium. 

1.80 – 3.00 Slightly moist, yellow brown, dense, intact, slightly clayey silty 

SAND. Alluvium. 

TP8 

Depth (m) Description 

0.00 – 0.15 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant fine roots. Alluvium. 

0.15 – 0.80 Slightly moist, dark grey brown, stiff, shattered, sandy CLAY. 

Gulleywash. Large desiccation cracks present. 

0.80 – 1.60 Slightly moist, brown mottled grey brown orange brown, dense, 

intact, silty SAND with minor fine and medium rounded gravel. 

Gulleywash. Pinholed structure evident in many places. 

1.60 – 2.50 Slightly moist, grey brown mottled orange brown, medium dense, 

intact, silty SAND with traces of fine gravel. Gulleywash. Traces of 

calcareous concretions. 

TP9 

Depth (m) Description 

0.00 – 0.30 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant large and fine roots. Alluvium. 

0.30 – 0.60 Slightly moist, brown, loose to medium dense, intact, silty SAND 

with minor roots. Alluvium. 

0.60 – 3.10 Slightly moist, light orange brown becoming light grey brown, 

medium dense, intact, medium and fine SAND. Alluvium. 

TP10 

Depth (m) Description 

0.00 – 0.30 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant fine roots. Alluvium. 

0.30 – 0.60 Slightly moist, brown, loose to medium dense, intact, silty SAND 

with minor roots. Alluvium. 

0.60 – 1.80 Slightly moist, orange brown, medium dense, intact, fine and 

medium SAND. Alluvium. 
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1.80 – 2.90 Slightly moist, light grey brown, loose, intact, fine and medium 

SAND. Alluvium. 

TP11 

Depth (m) Description 

0.00 – 0.30 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant large and fine roots. Alluvium. 

0.30 – 0.50 Slightly moist, brown, loose to medium dense, intact, silty SAND 

with minor roots. Alluvium. 

0.50 – 1.00 Slightly moist, light grey brown, loose to medium dense, intact, fine 

and medium SAND. Alluvium. Lower contact irregularities varies 

from 0.7 to 1.2 m. 

1.00 – 2.60 Slightly moist, dark brown mottled orange brown, stiff, intact, 

slightly clayey silty SAND. Alluvium 

2.60 – 3.00 Slightly moist to moist, dark grey brown, intact?, clayey SAND. 

Alluvium. 

TP12 

Depth (m) Description 

0.00 – 0.40 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant large and fine roots. Alluvium. 

0.40 – 0.80 Slightly moist, brown, loose to medium dense, intact, silty SAND 

with minor roots. Alluvium. 

0.80 – 1.80 Slightly moist, light brown, medium dense, intact, fine and medium 

SAND. Alluvium. 

1.80 – 2.70 Slightly moist, light grey brown, loose to medium dense, intact, fine 

and medium SAND. Alluvium. Abundant ferruginous concretions at 

base. 

2.70 – 3.10 Dark reddish brown and grey brown, very closely fissured, very soft 

rock to soft rock, HARDPAN FERRICRETE. 

TP13 

Depth (m) Description 

0.00 – 0.30 Moist, grey brown, very loose, intact, organic-rich, silty SAND with 

abundant large and fine roots. Alluvium. 

0.30 – 1.70 Slightly moist, light orange brown, medium dense, intact, fine and 

medium SAND. Alluvium. Abundant ferruginous concretions at 

base. 

1.70 – 2.20 Dark reddish brown and grey brown, very closely fissured, very soft 

rock to soft rock, HARDPAN FERRICRETE. 

D7 

Depth (m) Description 

0.00 – 2.00 No sample recovered. Suspect light brown, medium and fine SAND. 

See TP 1. 

2.00 – 6.50 Light brown, medium and fine SAND with soft concretions of dark 

brown, silty sand. Becomes lighter in colour with depth and fewer 

concretions. From 5.00 - 5.45m: SPT sample lost. 

6.50 – 7.30 Dark brown and orange brown, slightly ferruginised medium and 

fine SAND. Contains thin bands of heavy minerals and laminations 

of lighter coloured sand – possibly calcretised sand. 

D8 
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Depth (m) Description 

0.00 – 3.00 No sample recovered. Suspect medium and fine SAND. 

3.00 – 4.00 Light orange brown, medium and fine SAND. 

4.00 – 5.00 Light brown, medium and fine SAND. 

5.00 – 5.90 Dark brown mottled orange brown, slightly ferruginised medium 

and fine SAND. Stopped due to collapse of hole. From 5.00 - 5.45m: 

SPT lost. 

D14 

Depth (m) Description 

0.00 – 3.00 No sample recovered. Suspect medium and fine SAND. 

3.00 – 3.90 Brown streaked dark brown, medium and fine SAND with 

laminations of slightly clayey sand and traces of fine gravel. 

D15 

Depth (m) Description 

0.00 – 0.90 No sample recovered. Suspect medium and fine SAND. 

0.90 – 1.40 Dark brown, shattered, clayey SAND. 

1.40 – 3.75 Light brown mottled orange brown, clayey medium and fine SAND. 

D17 

Depth (m) Description 

0.00 – 1.00 No sample recovered. Suspect light brown, medium and fine SAND. 

See TP 11. 

1.00 – 1.95 Dark brown, medium and fine SAND. Becomes slightly ferruginised 

at base. 

 

B.12 Umdloti, KwaZulu-Natal 

Table B-12: Umdloti, KwaZulu-Natal soil profiles 

Soil Profiles 

BH1 

Depth (m) Description 

0.00 – 1.00 Concrete, metal. (Old soapit?) 

1.00 – 1.50 Moist, dark brown mottled yellow brown, medium to coarse-grained 

SAND containing some gravel. (Fill) 

1.50 – 5.94 Moist, yellow brown speckled very light yellow and very light grey, 

loose to medium dense, medium to coarse-grained SAND 

containing shell fragments and abundant heavy minerals at 5.5m. 

(Littoral) 

5.94 – 6.12 Light grey pebbles and gravel in sandy CLAY matrix. (Littoral) 

6.12 – 6.52 Highly weathered, containing some highly to completely weathered 

zones of up to 150.0mm thick, grey occasionally stained dark 

orange, closely jointed SILTSTONE. (Vryheid Formation) 

6.52 – 7.60 Moderately to slightly weathered, medium hard rock, grey 

occasionally stained very light grey on joints, closely jointed, 

laminated SILTSTONE. (Vryheid Formation) 
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7.60 – 9.50 Slightly weathered to unweathered, dark grey streaked light grey, 

medium to widely bedded, SILTSTONE containing occasional thin, 

fine grained SANDSTONE lenses. (Vryheid Formation) 

BH2 

Depth (m) Description 

0.00 – 5.50 Slightly moist to moist, light yellow brown becoming darker with 

depth, loose becoming medium dense, fine to medium grained 

SAND. (Recent Dune) 

5.50 – 7.50 Slightly moist to moist, light yellow brown becoming dark yellow 

brown, medium dense, fine to medium grained, very slightly clayey 

SAND. (Recent Dune) 

7.50 – 9.37 Completely weathered becoming highly weathered, very soft rock, 

dark orange occasionally speckled very dark grey and light yellow, 

fine to medium grained SANDSTONE. (Vryheid Formation) 

9.37 – 10.20 Highly weathered, soft to medium rock, light yellow brown and light 

grey streaked very light grey, closely to medium jointed, medium 

bedded, fine to medium grained SANDSTONE. (Vryheid 

Formation) 

10.20 – 13.05 Highly to moderately weathered, medium hard rock, dark grey and 

dark brown speckled very light grey, very close becoming closely 

jointed, DOLERITE recovered as fine becoming coarse gravel. 

13.05 – 15.60 Unweathered, medium hard to hard rock, very dark grey, thinly 

laminated, medium jointed SHALE. (Vryheid Formation) 

BH3 

Depth (m) Description 

0.00 – 3.50 Slightly moist, dark orange brown, very slightly clayey, fine to 

medium grained SAND. (Recent Dune). Becoming light orange with 

depth and containing occasional scattered ferruginised sand 

fragments at 3.0m. 

3.50 – 7.50 Moist, brown becoming light yellow brown, loose becoming 

medium dense, very slightly clayey, fine to medium grained SAND. 

(Recent Dune) 

7.50 – 9.10 Completely weathered becoming highly weathered, very soft rock, 

dark orange occasionally speckled very dark grey and light yellow, 

fine to medium grained SANDSTONE. (Vryheid Formation) 

9.10 – 9.50 Highly weathered soft rock, yellow brown speckled light yellow, 

closely to medium jointed, thinly to medium bedded, fine to medium 

grained SANDSTONE. (Vryheid Formation) 

9.50 – 11.70 Slightly weathered to unweathered, very hard rock, dark grey stained 

dark to very dark grey and orange on joints, medium to widely 

jointed DOLERITE. (Karoo). Joints sub-vertical, open, slightly 

weathered and stained orange up to 3.0mm. Joint walls semi rough. 

11.70 – 12.02 Slightly weathered, hard rock, light grey, thinly streaked very light 

grey, very fine grained DOLERITE. (Karoo Supergroup) 

12.02 – 12.75 Moderately weathered, medium to hard rock, light grey stained 

orange on joints, closely to medium jointed DOLERITE. (Karoo 

Supergroup) 

12.75 – 13.15 Unweathered, medium hard to hard rock, very dark grey, thinly 

laminated, medium jointed SHALE. (Vryheid Formation) 
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B.13 Chicala, Ilha de Luanda, Angola 

Table B-13: Chicala soil profiles 

Soil Profiles 

BH1 

Depth (m) Description 

0.00 – 3.00 FINE TO MEDIUM SAND with fragments of shells, orange 

coloured brown with brack spots. 

3.00 – 7.50 MEDIUM TO COURSE SAND, with fragments of shells, orange 

coloured brown. 

7.50 – 12.00 MEDIUM SAND, with fragments of shells, greenish grey. 

12.00 – 18.00 MEDIUM TO COURSE SAND with fragments of shells, orange 

coloured brown. 

18.00 – 21.00 MEDIUM SAND with fragments of shells, orange coloured brown. 

BH2 

Depth (m) Description 

0.00 – 3.00 FINE TO MEDIUM SAND, brown. 

3.00 – 7.50 MEDIUM SAND, with fragments of shells, orange coloured brown. 

7.50 – 9.00 MEDIUM TO COURSE SAND, with fragments of shells, greenish 

grey. 

9.00 – 10.50 MEDIUM TO COURSE SAND, with fragments of shells and 

pebbles, greenish grey. 

10.50 – 16.00 MEDIUM SAND with fragments of shells, orange coloured brown. 

16.00 – 18.00 FINE TO MEDIUM SAND with fragments of shells, brown. 

18.00 – 19.50 MEDIUM TO COURSE SAND, with fragments of shells and 

pebbles, orange coloured brown. 

BH3 

Depth (m) Description 

0.00 – 3.00 MEDIUM TO COURSE SAND, with fragments of shells and quartz 

grains (1cm of diameter), orange coloured brown. 

3.00 – 7.50 FINE TO MEDIUM SAND, with fragments of shells and grains of 

quartz and biotite, orange coloured brown and black biotite. 

7.50 – 9.00 MEDIUM SAND, with fragments of shells, greenish grey. 

9.00 – 13.00 MEDIUM SAND with fragments of shells and grains of quartz, 

greenish grey. 

13.00 – 18.00 MEDIUM TO COURSE SAND with fragments of shells, orange 

coloured brown. 

 

B.14 Parow, Cape Town 

Table B-14: Parow soil profiles 

Soil Profiles 
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BH1 

Depth (m) Description 

0.00 – 0.03 ASPHALT. 

0.03 – 0.30 Grey medium dense very slightly sandy crushed GRAVEL. Gravel 

is angular, fine to coarse; FILL/BASE. 

0.30 – 0.50 Yellow grey brown dense fine to coarse grained SAND containing 

crushed gravel fragments; FILL/SUBGRADE. 

0.50 – 3.30 Light grey occasionally mottled orange soft sandy very slightly 

clayey SILT; TRANSPORTED. 

3.30 – 4.95 Light grey and light bluish grey firm becoming stiff with depth 

slightly clayey SILT. Remnant bedding structure visible; 

RESIDUAL. 

4.95 – 7.50 Light grey very stiff clayey SILT. Remnant bedding structure 

visible; RESIDUAL. 

7.50 – 9.00 Light grey to grey very stiff clayey SILT tending to completely 

weathered laminated very soft rock shale; RESIDUAL. 

9.00 – 11.80 Grey laminated completely to highly weathered very soft rock 

SHALE (highly shattered in parts). MALMESBURY GROUP. 

BH2 

Depth (m) Description 

0.00 – 0.03 ASPHALT. 

0.03 – 0.40 Grey medium dense slightly sandy crushed GRAVEL; FILL/BASE. 

0.40 – 3.00 Light grey with very occasional orange mottling firm fissured sandy 

slightly clayey SILT; TRANSPORTED. 

3.00 – 11.00 Light olivish grey firm to stiff slightly clayey SILT. Remnant 45 to 

50 degree bedding structure visible, slickensided and smooth; 

RESIDUAL. 

11.00 – 15.45 Light olivish grey and grey very stiff slightly clayey SILT 

containing thin layers of completely weathered laminated very soft 

rock shale; RESIDUAL. 

BH3 

Depth (m) Description 

0.00 – 0.03 ASPHALT. 

0.03 – 0.25 Grey medium dense slightly sandy crushed GRAVEL; FILL/BASE. 

0.25 – 0.50 Yellow and brown probably medium dense SAND; 

FILL/SUBGRADE. 

0.50 – 1.20 Light greyish brown dense fine SAND; FILL. 

1.20 – 1.70 CONCRETE. 

1.70 – 3.10 Light grey white probably medium dense slightly calcareous slightly 

silty fine SAND; REWORKED/FILL. 

3.10 – 4.85 Light brown to brown medium dense to dense slightly silty fine 

SAND; TRANSPORTED. 

4.85 – 6.00 Light grey brown and light olivish grey medium dense fine SAND; 

TRANSPORTED. 

6.00 – 9.00 Light grey to light grey white stiff slightly clayey SILT. Remnant 

bedding structure visible; RESIDUAL. 
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9.00 – 12.70 Light grey very stiff slightly clayey SILT tending to completely 

weathered laminated (shattered in parts) very soft rock shale; 

RESIDUAL. 

12.70 – 13.95 Grey laminated completely to highly weathered very soft rock 

SHALE; MALMESBURY GROUP. 

BH4 

Depth (m) Description 

0.00 – 0.03 ASPHALT. 

0.03 – 0.25 Grey medium dense to dense slightly sandy crushed GRAVEL; 

FILL/BASE. 

0.25 – 0.50 Yellow and brown probably soft to firm very slightly sandy clayey 

SILT; REWORKED/FILL. 

0.50 – 1.10 CONCRETE. 

1.10 – 1.65 Grey brown probably soft to firm very slightly sandy clayey SILT; 

REWORKED/FILL. 

1.65 – 2.80 Light olivish grey occasionally mottled orange probably medium 

dense slightly silty fine SAND; TRANSPORTED. 

2.80 – 7.50 Light grey brown and olivish grey dense slightly calcareous fine 

SAND; TRANSPORTED. 

7.50 – 9.20 Grey brown and light grey medium dense variably silty fine SAND 

containing sub rounded to rounded fine to medium quartz gravel; 

TRANSPORTED. 

9.20 – 10.50 Light olivish grey stiff slightly clayey SILT. Remnant laminated 

bedding structure visible; RESIUDAL. 

10.50 – 13.95 Light grey to grey stiff slightly clayey SILT into bedded with 

completely weathered laminated (shattered in parts) very soft rock 

shale; RESIDUAL. 

 

B.15 Milnerton Refinery, Cape Town 

Table B-15: Milnerton Refinery soil profiles 

Soil Profiles 

BH1 

Depth (m) Description 

0.00 – 1.60 Black brown loose to medium dense very slightly silty fine to 

medium SAND containing occasional strongly cemented sand 

pockets; FILL. 

1.60 – 4.00 Greenish grey medium dense variably clayey, slightly silty SAND 

containing scattered quartz gravel and fine calcified fragments; 

TRANSPORTED. 

4.00 – 4.70 Greenish grey mottled orange very slightly silty SAND; 

TRANSPORTED. 

4.70 – 6.55 Grey very stiff clayey SILT. Remnant laminated bedding structure 

visible; RESIDUAL MALMESBURY. 
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6.55 – 8.45 Grey completely to highly weathered with depth fractured laminated 

very soft GREYWACKE rock. Bedding planes smooth, clean and 

tight; MALMESBURY GROUP. 

BH2 

Depth (m) Description 

0.00 – 1.30 Black brown loose to medium dense very slightly silty fine to 

medium SAND containing occasional strongly cemented sand 

pockets; FILL. 

1.30 – 2.30 Greenish grey medium dense variably clayey SAND containing very 

occasional quartz gravel; TRANSPORTED. 

2.30 – 4.45 Light brown and brown interbedded white medium dense becoming 

dense with depth fine to coarse grained SAND; TRANSPORTED. 

4.45 – 5.00 Greenish grey dense medium to coarse SAND containing abundant 

crushed shell fragments; TRANSPORTED. 

5.00 – 6.00 Grey very stiff clayey SILT; RESIDUAL MALMESBURY. 

6.00 – 8.22 Grey completely to highly weathered with depth fractured laminated 

very soft GREYWACKE rock. Bedding planes smooth, clean and 

tight; MALMESBURY GROUP. 

 

B.16 Mt Edgecombe Interchange, Umhlanga 

Table B-16: Umhlanga soil profiles 

Soil Profiles 

ME/AC2 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 24.50 Dense, clayey SAND. Red/brown, fine grained. Transported. Berea 

Formation. 

24.50 – 30.00 Very dense, silty SAND. Orange/brown, fine grained. Transported. 

Berea Formation. 

ME/AC7 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 17.00 Dense, clayey SAND. Red/brown, fine grained. Transported. Berea 

Formation. 

17.00 – 23.80 Dense, slightly clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

23.80 – 27.90 Dense, silty SAND. Red/brown occasionally brown, fine grained. 

Transported. Berea Formation. 

27.90 – 29.00 Dense, clayey SAND. Red, fine grained. Transported. Berea 

Formation. 

29.00 – 30.00 Dense, silty SAND. Orange/red, fine grained. Transported. Berea 

Formation. 

ME/B1 

Stellenbosch University https://scholar.sun.ac.za



260 

 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 9.00 Medium dense, slightly silty SAND. Brown, fine grained. 

Transported. Aeolian. 

9.00 – 19.00 Medium dense, slightly clayey SAND. Orange/brown, fine grained. 

Transported. Berea Formation. 

19.00 – 27.00 Medium dense, silty SAND. Orange/brown, fine grained. 

Transported. Berea Formation. 

27.00 – 28.00 Medium dense, silty SAND. Brown, fine grained. Transported. 

Berea Formation. 

28.00 – 32.30 Dense to medium dense, silty SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

32.30 – 38.00 COBBLES and BOULDERS. Sub rounded, fine, medium and 

coarse in brown silty sand matrix. Transported. 

38.00 – 39.60 Soft to medium hard rock SANDSTONE. Slightly to moderately 

weathered, brown/grey, thinly bedded, horizontal, stained to filled, 

rough. Highly to very highly fractured, horizontal to vertical, stained 

to filled, rough. Fine to medium grained. Vryheid Formation. 

39.60 – 42.80 Very soft to soft rock SANDSTONE. Highly to completely 

weathered, brown, thinly bedded, horizontal, filled, rough. Highly to 

very highly fractured, horizontal to vertical, filled, rough. Fine to 

medium grained. Vryheid Formation. 

42.80 – 45.60 Hard rock SANDSTONE. Unweathered to slightly weathered, light 

grey to light brown, thinly bedded, horizontal, clean to stained, 

slightly to medium rough. Highly occasionally very highly 

occasionally moderately fractured, horizontal to vertical, clean to 

stained, slightly to medium rough. Fine to medium grained. Vryheid 

Formation. 

ME/B4 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 12.00 Medium dense, slightly silty SAND. Brown, fine grained. 

Transported. Berea Formation? 

12.00 – 18.30 Medium dense, slightly clayey SAND. Orange/red, fine grained. 

Transported. Berea Formation. 

18.30 – 24.00 Dense, slightly clayey SAND. Orange/red, fine grained, 

occasionally clayey. Transported. Berea Formation. 

24.00 – 29.90 Dense, very silty SAND. Red/brown, fine grained. Transported. 

Berea Formation. 

29.90 – 31.50 Dense GRAVEL and COBBLES. Sub rounded, fine, medium and 

coarse, in dark brown, silty sand matrix. Transported. 

31.50 – 33.40 Hard rock SANDSTONE. Moderately weathered rapidly becoming 

unweathered, light brown, thinly bedded, horizontal, clean to 

stained, slightly rough, highly occasionally moderately fractured, 

horizontal to 45 degrees, clean to stained, slightly rough. Fine to 

medium grained.Vryheid Formation. 
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33.40 – 36.00 Hard rock SANDSTONE. Unweathered, light grey, thinly bedded, 

horizontal, clean, slightly rough, highly occasionally moderately 

fractured, horizontal to 45 degrees, clean, slightly rough. Fine to 

medium grained. Vryheid Formation. 

36.00 – 36.80 Soft to medium hard rock MUDSTONE. Highly weathered rapidly 

becoming unweathered, dark grey, thinly bedded, horizontal, clean 

to stained, smooth to slightly rough, highly fractured, horizontal, 

clean to stained, slightly rough. Very fine grained. Pietermaritzburg 

Formation. 

36.80 – 37.50 Hard rock MUDSTONE. Unweathered, light grey/brown, thinly 

bedded, horizontal, clean to stained, smooth to slightly rough, highly 

fractured, horizontal, clean to stained, slightly rough. Very fine 

grained. Pietermaritzburg Formation. 

ME/BD1 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 4.00 Dense, slightly clayey SAND. Grey/brown, fine grained. 

Transported. Berea Formation? 

4.00 – 15.00 Dense, clayey SAND. Brown becoming light brown with depth, fine 

grained. Transported. Berea Formation. 

15.00 – 23.00 Medium dense occasionally dense, clayey SAND. Red/brown, fine 

grained, initially slightly clayey, occasionally very clayey/tending to 

sandy clay. Transported. Berea Formation. 

23.00 – 23.70 Medium dense, very clayey SAND. Light brown, fine grained. 

Transported. Berea Formation. 

23.70 – 24.00 Strongly cemented FERRICRETE. Hardpan. Ferruginised Berea 

Formation. 

24.00 – 30.00 Dense occasionally medium dense, very clayey SAND. Light 

brown, fine grained. Transported. Berea Formation. 

30.00 – 36.00 Very dense, slightly clayey to clayey SAND. Brown sand matrix, 

containing several weakly to strongly cemented hard pan ferricrete 

horizons, not exceeding 100mm thickness. Transported. Berea 

Formation. 

36.00 – 41.00 Dense to medium dense, clayey SAND. Light brown, fine grained. 

Transported. Berea Formation. 

41.00 – 49.00 Very dense, clayey SAND. Brown, fine grained, slightly cemented. 

Transported. Berea Formation. Contains soft to medium hard 

ferricrete gravels which cause SPT refusal but does not constitute 

more than 15% of material. 

49.00 – 52.00 Dense, slightly clayey SAND. Light orange/brown, fine grained. 

Transported. Berea Formation. 

52.00 – 59.00 Medium dense, very clayey SAND. Light brown, fine grained. 

Transported. Berea Formation. 

59.00 – 59.70 Dense, clayey, silty SAND. Grey, fine to medium grained. Residual. 

Contains few hard rock cobbles. 

59.70 – 63.50 Medium hard rock MUDSTONE. Slightly weathered, grey/brown, 

thinly bedded, horizontal, stained, medium rough, highly fractured, 

horizontal to vertical, stained, medium rough. Very fine grained. 

Pietermaritzburg Formation. 
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63.50 – 64.40 Soft rock SANDSTONE. Highly to completely weathered, grey, 

thinly bedded, horizontal, filled, rough, highly fractured, horizontal 

to 45 degrees, filled, rough. Fine grained. Vryheid Formation. 

64.40 – 66.50 Completely weathered SILTSTONE. Brown, (dense), fine grained 

silty sand. Vryheid Formation. 

66.50 – 69.50 Medium hard to hard rock DOLERITE. Moderately weathered to 

unweathered occasionally highly weathered, grey occasionally 

brown, highly occasionally very highly (68.1 – 68.3m) fractured, 

horizontal to vertical, stained occasionally filled (serpentine up to 

3mm) medium rough to rough. Very fine grained. 

ME/BD9 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 3.00 Medium dense, clayey SAND. Red/brown. Imported? 

3.00 – 37.00 Medium dense becoming dense, clayey SAND. Red/brown, fine 

grained. Transported. Berea Formation. 

37.00 – 40.00 Very dense, silty SAND. Orange/red, fine grained. Transported. 

Berea Formation. 

40.00 – 47.50 Very dense, slightly clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

47.50 – 50.50 Very dense, slightly clayey SAND. Light brown, fine grained. 

Transported. Berea Formation. 

50.50 – 53.80 Very dense, clayey SAND. Red, fine grained. Transported. Berea 

Formation. 

53.80 – 54.60 Dense, slightly silty SAND. Brown, fine grained. Transported. 

Berea Formation. 

54.60 – 55.30 GRAVEL and COBBLES. Fine, medium and coarse, sub rounded, 

in light brown/grey sand matrix. Transported. 

55.30 – 56.60 Stiff, silty, sandy CLAY. Light grey. Residual? 

56.60 – 62.50 Hard rock MUDSTONE. Unweathered occasionally slightly 

weathered, dark grey, thinly bedded, horizontal, clean, smooth. 

Moderately occasionally highly fractured, horizontal to 45 degrees, 

clean occasionally stained, smooth occasionally rough, very fine 

grained. Pietermaritzburg Formation. 

ME/BD12 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 16.00 Medium dense, slightly clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

16.00 – 19.00 Medium dense, clayey SAND. Orange/brown, fine grained. 

Transported. Berea Formation. 

19.00 – 21.00 Dense, silty SAND. Red/brown, fine grained. Transported. Berea 

Formation. 

ME/BD25 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 3.00 Medium dense, silty SAND. Yellow/brown, fine grained. 

Transported. Alluvial. 
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3.00 – 4.00 Loose, silty SAND. Orange/brown, fine grained. Transported. 

Alluvial. 

4.00 – 6.10 Loose, slightly silty SAND. Grey/brown, fine grained. Transported. 

Alluvial. 

6.10 – 8.00 Soft to firm, silty, sandy CLAY. Grey/brown. Transported. Alluvial. 

8.00 – 11.00 Firm, silty CLAY. Red/grey, mottled, with occasional gravel, sub 

angular, coarse. Transported. Alluvial. 

11.00 – 16.00 Medium dense, clayey SAND. Red/brown, fine grained with 

occasional cobbles, coarse, sub rounded. Transported. Berea 

Formation. 

16.00 – 20.40 Medium dense, very clayey SAND. Light brown, fine grained. 

Transported. Berea Formation. 

20.40 – 20.60 Dense, clayey SAND. Light grey, fine grained. Transported. Berea 

Formation. 

20.60 – 27.00 Firm to stiff becoming stiff, silty, sandy CLAY. Light grey 

becoming dark grey, light grey very sandy form 24.0m. Transported. 

Berea Formation. 

27.00 – 29.00 Dense, silty SAND. Orange/brown, fine grained. Transported. Berea 

Formation. 

29.00 – 32.00 Dense, slightly clayey SAND. Light grey/brown, fine grained. 

Transported. Berea Formation. 

32.00 – 34.00 Dense, silty SAND. Blue/grey, fine grained. Residual. 

34.00 – 41.00 Dense, silty SAND. Light grey/brown, fine grained. Transported. 

Residual. 

41.00 – 51.40 Stiff, very silty CLAY. Blue/grey. Residual. 

51.40 – 53.00 Very soft rock SANDSTONE. Highly to completely weathered, 

grey/brown. Highly fractured, horizontal to vertical, filled rough. 

Fine to medium grained. Vryheid Formation. 

53.00 – 57.40 Medium hard to hard rock MUDSTONE. Moderately to completely 

weathered, thinly bedded, horizontal, stained, smooth. Very highly 

fractured, horizontal to vertical, slightly rough to smooth. Recovered 

as medium to coarse gravel (fine gravel 55.25 – 55.90m) with 

occasional small core sections (< 0.1m). Very fine grained. 

Pietermaritzburg Formation. 

57.40 – 61.90 Hard rock MUDSTONE. Unweathered occasionally moderately 

weathered, dark grey, thinly bedded, horizontal, clean to stained, 

smooth to slightly rough. Highly to moderately occasionally very 

highly fractured, horizontal to 60 degrees, clean to stained, smooth 

to slightly rough. Very fine grained. Pietermaritzburg Formation. 

ME/D1 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 2.00 Dense, clayey, SAND. Red/brown, fine grained. Imported. 

2.00 – 10.00 Medium dense, clayey, SAND. Red, fine grained. Transported. 

Berea Formation. 

10.00 – 12.50 Medium dense, slightly clayey, SAND. Light brown, fine grained. 

Transported. Berea Formation. 

12.50 – 16.00 Medium dense, slightly clayey, SAND. Red, fine grained. 

Transported. Berea Formation. 
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16.00 – 32.00 Medium dense to dense clayey SAND. Orange/brown, fine grained, 

becoming less clayey with depth. Transported. Berea Formation. 

32.00 – 36.30 Dense, clayey SAND. Red/brown, fine grained. Transported. Berea 

Formation. 

36.30 – 37.70 Medium dense, slightly clayey SAND. Dark grey/brown, fine 

grained. Transported. Berea Formation. 

37.70 – 46.50 Firm to stiff, silty, very sandy CLAY. Light brown, tending to clayey 

sand with depth. Transported. Berea Formation. 

46.50 – 51.00 Dense, slightly clayey SAND. Orange/brown, fine grained. 

Transported. Berea Formation. 

51.00 – 52.60 Very dense, clayey SAND. Red, fine grained, with occasional fine 

to medium sub angular gravel. Transported. Berea Formation. 

52.60 – 55.00 GRAVEL and COBBLES. Fine, medium and coarse, sub rounded, 

in light grey/brown sand. Transported. 

55.00 – 55.90 Soft rock MUDSTONE. Highly weathered, dark grey/brown, thinly 

bedded, horizontal, filled, rough. Highly to very highly fractured, 

horizontal to vertical, filled, rough. Very fine grained. 

Pietermaritzburg Formation. 

55.90 – 60.70 Hard occasionally soft rock MUDSTONE. Unweathered 

occasionally slightly weathered, dark grey, thinly bedded, 

horizontal, clean, smooth. Moderately to highly fractured, horizontal 

to 60 degrees, clean occasionally stained to filled, smooth 

occasionally rough. Pietermaritzburg Formation. 

ME/D3 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 4.00 Medium dense, slightly silty SAND. Light grey/brown, fine to 

medium grained. Transported. Alluvial. 

4.00 – 7.00 Firm, silty CLAY. Black becoming grey/brown. Transported. 

Alluvial. 

7.00 – 12.40 Dense, clayey SAND. Orange/brown fine grained. Transported. 

Berea Formation. 

12.40 – 13.90 Strongly cemented FERRICRETE. Hardpan. Ferruginised Berea 

Formation. 

13.90 – 16.00 Dense, slightly silty SAND. Light brown, fine to medium grained. 

Transported. Berea Formation. 

16.00 – 24.00 Medium dense, clayey SAND. Light orange/brown, fine grained, 

occasionally tending to light brown, slightly clayey sand. 

Transported. Berea Formation. 

24.00 – 26.00 Dense, slightly silty SAND. Dark brown, fine to medium grained. 

Transported. Berea Formation. 

26.00 – 32.00 Dense, slightly clayey SAND. Light brown, fine grained. 

Transported. Berea Formation. 

32.00 – 41.00 Dense, very clayey SAND. Light grey/brown, fine grained, 

becoming less clayey with depth. Transported. Berea Formation. 

SPT at 38m – possibly softened by drilling wash overnight, with 

SPT done first thing in the morning. 

41.00 – 44.80 Dense, clayey, silty SAND. Blue/grey, fine to medium grained. 

Residual. 
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44.80 – 47.00 Soft to medium hard rock SANDSTONE. Highly to completely 

weathered, grey/brown, fine to medium grained. 

47.00 – 51.60 Soft to medium hard rock MUDSTONE. Highly to moderately 

weathered, light grey, thinly bedded, horizontal, filled, medium 

rough. Highly to occasionally very highly fractured, horizontal to 

vertical, filled, medium rough. Very fine grained. Pietermaritzburg 

Formation. 

51.60 – 57.10 Hard rock MUDSTONE. Unweathered occasionally moderately 

weathered soft to medium hard rock, dark grey, thinly bedded, 

horizontal, clean, smooth. Highly occasionally to very highly 

occasionally moderately fractured, horizontal to near vertical, clean 

occasionally stained, smooth. Very fine grained. Pietermaritzburg 

Formation. 

ME/D5 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 1.90 Loose, silty SAND. Brown/red, fine grained. Imported. 

1.90 – 5.30 Medium dense, clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

5.30 – 8.00 Medium dense, silty SAND. Grey/brown, fine grained. Transported. 

Berea Formation. 

8.00 – 9.80 Stiff occasionally firm, silty, sandy CLAY. Orange/brown. 

Transported. Berea Formation. 

9.80 – 14.20 Dense, clayey SAND. Grey/brown, fine grained. Transported. Berea 

Formation. 

14.20 – 18.00 Medium dense, clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

18.00 – 19.60 Very dense, slightly silty SAND. Light brown, fine to medium 

grained. Transported. Berea Formation. 

19.60 – 21.20 Stiff, silty CLAY. Grey. Transported. Berea Formation. 

21.20 – 30.70 Very dense, slightly clayey SAND. Light grey/brown, fine grained, 

with occasional medium sized ferricrete gravel. Transported. Berea 

Formation. 

30.70 – 32.50 Medium dense, silty SAND. Orange/brown, fine grained. 

Transported. Berea Formation. 

32.50 – 41.10 Dense, silty SAND. Light grey, fine grained. Transported. Berea 

Formation. 

41.10 – 42.50 Dense clayey SAND. Orange/grey, fine grained. Transported. Berea 

Formation. 

42.50 – 54.00 Very dense, slightly clayey SAND. Grey/brown, fine grained, with 

occasional fine, medium and coarse, sandstone gravels and cobbles. 

Residual? 

54.00 – 55.50 Soft to medium hard rock MUDSTONE. Moderately weathered 

grey, thinly bedded, horizontal, stained rough. Highly fractured, 

horizontal to vertical, stained to filled, rough. Very fine grained. 

Pietermaritzburg Formation. 
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55.50 – 59.10 Soft rock MUDSTONE. Highly weathered, grey, thinly bedded, 

horizontal, stained, rough. Highly fractured, horizontal to vertical, 

stained to filled, rough. Very fine grained. Pietermaritzburg 

Formation. 

ME/DB1 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 9.00 Medium dense, clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

9.00 – 15.00 Dense, slightly clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

15.00 – 19.00 Dense, silty SAND. Orange/brown, fine grained. Transported. Berea 

Formation. 

19.00 – 21.00 Medium dense, clayey SAND. Yellow/brown, fine grained. 

Transported. Berea Formation. 

21.00 – 27.00 Dense, silty SAND. Brown, fine grained, Transported. Berea 

Formation. 

27.00 – 37.60 Very dense, slightly clayey SAND. Light brown, fine grained. 

Transported. Berea Formation. 

37.60 – 41.30 Medium dense, clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

41.30 – 43.20 Dense, slightly clayey SAND. Brown, fine grained. Transported. 

Berea Formation. 

43.20 – 44.00 Firm to stiff, silty, sandy CLAY. Red/brown. Transported. Berea 

Formation. 

44.00 – 46.00 Dense, clayey SAND. Red/brown, fine grained. Transported. Berea 

Formation. 

46.00 – 48.00 Dense, slightly clayey SAND. Brown, fine grained. Transported. 

Berea Formation. 

48.00 – 54.00 Dense, clayey SAND. Red/brown, fine grained. Transported. Berea 

Formation. 

54.00 – 56.00 Very dense, clayey SAND. Yellow/brown, fine grained. 

Transported. Berea Formation. 

56.00 – 59.00 Dense, clayey, silty SAND. Grey, fine to medium grained. Residual. 

59.00 – 60.50 Soft rock MUDSTONE. Highly to moderately weathered, light grey 

becoming grey, thinly bedded, horizontal, stained to filled, rough, 

highly to very highly fractured, stained to filled, rough. Very fine 

grained. Pietermaritzburg Formation. 

60.50 – 65.10 Hard rock MUDSTONE. Unweathered, dark grey, thinly bedded, 

horizontal, clean, smooth to slightly rough. Highly to moderately 

occasionally very highly fractured, horizontal to 45 degrees, clean, 

smooth to slightly rough. Pietermaritzburg Formation. 

ME/DB3 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 6.30 Medium dense, very clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

6.30 – 15.90 Dense, clayey SAND. Brown, fine grained. Transported. Berea 

Formation. 
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15.90 – 16.60 Firm, silty, slightly sandy CLAY. Red/brown. Transported. Berea 

Formation. 

16.60 – 20.60 Dense to very dense, clayey SAND. Orange/brown, fine grained, 

occasionally ferruginised. Transported. Berea Formation. 

20.60 – 30.00 Very dense to dense, clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

30.00 – 39.00 Dense, silty SAND. Orange/red to light brown, fine grained. 

Transported. Berea Formation. 

39.00 – 45.60 Dense, clayey SAND. Red, fine grained. Transported. Berea 

Formation. 

45.60 – 49.00 Very dense, silty SAND. Grey/brown, fine grained. Transported. 

Berea Formation. 

49.00 – 51.00 Very dense, slightly clayey SAND. Orange/brown, fine grained. 

Transported. Berea Formation. 

51.00 – 54.50 Medium dense to dense, slightly clayey to clayey SAND. Light 

grey/brown, fine grained. Residual. 

54.50 – 58.80 Very soft rock SANDSTONE. Highly to completely weathered, 

light grey.Fine to medium grained. Possible boulder stratum. 

58.80 – 59.30 Medium hard to hard rock MUDSTONE. Highly weathered rapidly 

becoming unweathered, dark grey, thinly bedded, horizontal, stained 

occasionally filled, slightly to medium rough. Highly occasionally 

very highly fractured, horizontal to 60 degrees, stained occasionally 

filled, slightly to medium rough. Very fine grained. Pietermaritzburg 

Formation. 

ME/DB6 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 6.30 Medium dense to dense, clayey SAND. Red/brown, fine grained. 

Imported. 

6.30 – 16.30 Loose to medium dense, slightly clayey SAND. Red, fine grained. 

Transported. Berea Formation. 

16.30 – 28.60 Dense to medium dense, silty SAND. Red occasionally orange/red, 

fine grained, becoming slightly clayey 24.0 – 27.0m. Transported. 

Berea Formation. 

28.60 – 31.00 Dense, silty SAND. Orange, fine grained, with occasional medium 

ferricrete gravel. Transported. Berea Formation. 

31.00 – 34.50 Medium dense, clayey SAND. Red, fine grained. Transported. 

Berea Formation. 

34.50 – 37.00 Medium dense, clayey SAND. Orange/red, fine grained. 

Transported. Berea Formation. Contains occasional hard ferricrete 

gravels, generally not exceeding 20mm. 

37.00 – 40.00 Medium dense, clayey to very clayey SAND. Red, fine grained. 

Transported. Berea Formation. 

40.00 – 45.00 Medium dense, silty SAND. Orange/red, fine grained. Transported. 

Berea Formation. 

45.00 – 47.40 Dense, clayey, silty SAND. Grey/brown, with fine to medium 

mudstone gravel and occasional intact sections. Basal cobble layer? 
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47.40 – 48.20 Hard rock MUDSTONE. Unweathered, grey, thinly bedded, 

horizontal, clean, smooth. Highly fractured, horizontal to 45 

degrees, clean, smooth. Very fine grained. Pietermaritzburg 

Formation. 

48.20 – 53.70 Hard to medium hard, occasionally soft rock MUDSTONE. 

Unweathered to moderately weathered, thinly bedded, horizontal, 

clean, smooth. Highly to very highly fractured, clean occasionally 

filled, smooth. Occasional non intact sections. Very fine grained. 

Pietermaritzburg Formation. 

ME/DB11 

Depth (m) Description 

0.00 – 0.30 Silty SAND. Red/brown. Topsoil. 

0.30 – 3.50 Medium dense, clayey SAND. Red/brown, fine grained. Imported. 

3.50 – 6.00 Medium dense, slightly silty SAND. Brown becoming light brown, 

fine grained. Transported. Berea Formation? 

6.00 – 19.00 Medium dense, clayey SAND. Red/brown, fine grained. 

Transported. Berea Formation. 

19.00 – 27.00 Medium dense, slightly clayey SAND. Orange/brown becoming 

red/brown, fine grained. Transported. Berea Formation. 

27.00 – 33.00 Medium dense, slightly clayey SAND. Orange/brown becoming 

orange/light brown, fine grained. Transported. Berea Formation. 

33.00 – 42.50 Medium dense, clayey SAND. Red/brown becoming red, fine 

grained. Transported. Berea Formation. 

42.50 – 44.70 Medium dense, slightly clayey SAND. Brown, fine grained. 

Transported. Berea Formation. 

44.70 – 46.00 Dense GRAVEL and COBBLES. Sub rounded, fine, medium and 

coarse, quartzite, in light brown silty sand. Transported. 

46.00 – 46.20 Soft rock MUDSTONE. Highly weathered, light brown, thinly 

bedded, horizontal, filled, rough. Highly fractured, horizontal to 

vertical, filled, rough. Very fine grained. Pietermaritzburg 

Formation. 

46.20 – 52.00 Medium hard to hard rock MUDSTONE. Unweathered occasionally 

slightly weathered, light grey becoming blue grey, thinly bedded, 

horizontal, clean to stained, smooth. Highly occasionally very 

highly fractured, horizontal to vertical, clean to stained, smooth to 

slightly rough. Very fine grained. Pietermaritzburg Formation. 

 

B.17 Dunkeld, Johannesburg 

Table B-17: Dunkeld soil profile 

Soil Profile 

BH3 

Depth (m) Description 
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0.00 – 0.50 Wet, reddish brown, intact, clayey coarse SAND with minor gravel. 

Hillwash. 

0.50 – 1.30 Very moist, dark brown, intact, clayey silty SAND with traces of 

grey, medium and fine, sub angular, quartz gravel. Reworked 

residual granite. 

1.30 – 2.30 Very moist, orange brown, intact, clayey SAND with pockets of 

very moist, orange brown speckled white, intact, silty coarse sand 

up to 150mm in diameter. Reworked residual granite. 

2.30 – 3.50 Very moist, olive brown speckled red brown and pink, pin holed, 

slightly micaceous clayey silty SAND with traces to minor grey, sub 

angular quartz gravel. Residual granite. 

3.50 – 4.80 Moist, olive brown speckled pink black and grey, relict jointed, silty 

SAND. Residual granite. 

4.80 – 5.45 Moist, olive grey speckled black and white, relict jointed, micaceous 

silty SAND. Residual granite. 

 

B.18 Glenhazel, Johannesburg 

Table B-18: Glenhazel soil profile 

Soil Profile 

BH2 

Depth (m) Description 

0.00 – 0.50 FILL - Comprising brown, silty sand and gravel. 

0.50 – 2.00 Red brown, silty SAND with minor fine gravel. Hillwash. Moisture 

appears to be moist. Fine gravel becomes more abundant with depth. 

Transition to reworked residual granite possibly at 2.0m. 

2.00 – 4.00 Red brown, silty SAND with abundant fine gravel. Reworked 

residual granite. Traces of coarse vein quartz gravel present. 

4.00 – 4.45 As above but with small pockets of white speckled orange, silty 

sand. Partially reworked residual granite. 

 

B.19 Bellville, Cape Town 

Table B-19: Bellville soil profile 

Soil Profile 

BH1 

Depth (m) Description 

0.00 – 1.00 Dark greyish brown fine to medium grained slightly organic SAND 

with occasional fine gravel and organic matter; TRANSPORTED. 
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1.00 – 2.45 Light brown speckled light orange brown medium dense fine to 

medium grained SAND with very occasional fine gravel; 

TRANSPORTED. 

2.45 – 3.90 Light brown medium dense to dense with depth fine grained SAND; 

TRANSPORTED. 

3.90 – 4.35 Light greyish brown dense fine to medium grained SAND; 

TRANSPORTED. 

4.35 – 5.35 Brownish grey dense medium grained SAND; TRANSPORTED. 

5.35 – 6.80 Light brownish grey dense to very dense slightly silty fine to 

medium grained SAND; TRANSPORTED. 

6.80 – 7.25 Dark brown very dense fine grained SAND; TRANSPORTED. 

7.25 – 8.25 Light brownish grey very dense slightly silty fine to medium grained 

SAND; TRANSPORTED. 

8.25 – 9.62 Light greyish olive brown very dense slightly silty fine to medium 

grained SAND; TRANSPORTED. 

9.62 – 9.82 Dark brownish grey very dense slightly silty to silty fine to medium 

grained SAND; TRANSPORTED. 
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