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EXECUTIVE SUMMARY 

Following the appointment by Impaphala Projects and Consulting, Phatela Geoconsulting carried out 

a geotechnical investigation for proposed structures, in Panfontein Rand Water. The area’s 

coordinates in Longitude and Latitude, Datum WGS 84 are 26°42'21.1"S and 28°01'56.1"E 

respectively. 

The geotechnical investigation was carried out in three stages; a desktop study, geotechnical 

profiling of test pits, percolation test and DCP tests as well as testing of soil samples at SANAS 

accredited laboratories.  

 

Geologically, the site is underlain by a mantle of fill, aeolian and residual soils. The soil mantles are 

underlain by basalt rock of Kliprieversberg Group under Ventersdorp Supergroup.  

Fluctuating EASBP values on site indicate that the ground strength has to be improved before placing 

a designed foundation type to tolerate potentially weak local spots. 

Concrete, steel and fibre cement have to be protected from corrosive as well as highly aggressive soil 

that exists on site. 
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1 INTRODUCTION 

This report provides factual and interpretive details of geotechnical investigation carried out for several 

new structures to be constructed within Panfontein Rand Water facility.  The purpose of the investigation 

was to explore the subsurface conditions in order to determine the characteristics of the soil and its 

expected behaviour upon loading.   

The investigations started with a desktop study followed by fieldwork which entailed excavation of the 

tests pits using a Tractor loader backhoe (TLB) machine; profiling of the test pits by an engineering 

geologist; retrieval of soil samples from the test pits so as to be tested at SANAS accredited laboratories 

as well as performing in-situ Dynamic Cone Penetrometer tests.   

The report therefore, provides details of methods of the investigation, results obtained, geotechnical 

assessment, site characterisation as well as recommendations.  

1.1 Terms of Reference 

Phatela Geoconsulting was appointed by Impaphala Projects and Consulting in order to carry out 

geotechnical investigation work for various structures at Panfontein Rand Water. The structures that 

are to be constructed are three guardhouses, office building, recreational area and a weighbridge. 

1.2 Scope of Work 

The scope of work as agreed with the Client was as follows; 

• Excavation of test pits to expose subsurface soil/rock conditions to a minimum depth of 1.5m. 

Test pits were profiled by an engineering geologist in accordance with Guidelines for Soil and Rock 

Logging in SA by ABA Brink and RMH Bruin, 2002. Excavation to be done on designated areas whereby 

it was deemed safe to do so without damaging buried services. 

• Retrieving of soil samples from the test pits for testing at a SANAS accredited laboratory.  

• Presentation of field data and laboratory data. This should include photos, profiles and 

laboratory test results.  

• Analysis of results and production of the Geotechnical Investigation Report.  

1.3 Available Information 

• A general background of the project was communicated including a walk-over. 

1.4 Limitations 

• The main challenge was unknown presence of the buried services. Such challenge impeded 

excavation at some areas lest the interception of the buried of services.  

• In addition, there were no drawings available at the time of the fieldwork therefore exact 

positions of the footprints were not established. 
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2 LOCALITY  

This facility’s main entrance coordinates in Longitude and Latitude, Datum WGS 84 are 26°42'21.1"S 

and 28°01'56.1"E respectively. To get to the main entrance of Panfontein Rand Water, one will have to 

drive along R54 Road for about 1.2km from the intersection with R42 Road. This will lead to another 

junction whereby R54 Road forms another intersection with a tar road leading further southward. Driving 

for about 5.4km along this road will lead to a left turn on to the gravel road. A 500m drive on the gravel 

road will lead to the main entrance. Figure 1 illustrates the route mentioned above. 

 

Figure 1 : Aerial view image of one of the routes to Panfontein Rand Water extracted from 

Google Earth 

 

2.1 Site Description 

The investigated area is a Rand Water sludge disposal facility with a well secured controlled access. 

The site is easily accessible on properly constructed roads. Within the establishment, there are several 

sites denoted, for the sake of reference in this report, as Guardhouse 1, Guardhouse 2, Office Building, 

Recreation Area and Weighbridge as shown on Figure 2 below. Each site will be described 

independently on the following sections. 
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 Figure 2: Aerial view of various sites extracted from Google Earth 

2.1.1 Guardhouse1 Site 

Guardhouse1 will be constructed near the main entrance on the eastern side of the internal road. Figure 

3 below shows aerial view of the site, extracted from Google Earth images. 

 

 

 Figure 3: Aerial view of the Guardhouse 1 extracted from Google Earth 
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2.1.2 Guardhouse 2 Site 

Guardhouse 2 will be constructed near one of the entrances on the south-western side of the internal 

road. There are trees within a close proximity of the site where the guardhouse will be constructed. 

Figure 4 below shows an aerial view of the site, extracted from Google Earth images. 

 

 Figure 4: Aerial view of Guardhouse 2 site extracted from Google Earth 

2.1.3 Office Building Site 

The Office Building site is situated on the south-western side from the current administration buildings. 

The site is an open space with to a currently utilised septic tank situated towards the north-western 

corner of the open space. Figure 5 below shows aerial view of the site, extracted from Google Earth 

images. 
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 Figure 5: Aerial view of the Office Building site extracted from Google Earth 

2.1.4 Recreational Area Site 

This area will be constructed at an area with a significant tree density. At the time of the field work, there 

was a thatched roof structure within the site. Figure 6 below shows aerial view of the recreational area 

extracted from Google Earth images. 

 

 Figure 6: Aerial view of recreational area site extracted from Google Earth 
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2.1.5 Weighbridge Site 

The existing weighbridge is dilapidated and what is left are ramps and ruins of a single-story building 

nearby. The site is adjacent to internal gravel road that heads towards Guardhouse 2. Figure 7 below 

shows an image of the Weighbridge site extracted from Google Earth. 

 

 Figure 7: Aerial view of the weighbridge site extracted from Google Earth 

 

2.2 Natural Physical Features 

There were neither land subsidence or slip zones identified on site during the field investigation. 

3 METHODS OF INVESTIGATION 

The geotechnical study was carried out in three phases; desktop study, fieldwork which comprised 

of excavation and profiling of test pits, dynamic cone penetration (DCP) tests as well as a percolation 

test. The third phase was laboratory testing of soil samples. Desktop study, fieldwork and report 

writing were all done by an Engineering Geologist with Pr Sci Nat qualifications. The details of each 

stage are explained below. 

3.1 Desktop Study 

The desktop study comprised of studying of geological maps to confirm the anticipated geology and 

geotechnical properties of the soils.  This information was used to provide guidance on appropriate soil 

tests to be performed. The desktop study also includes the location of the study area using Google 
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Earth in order to get an appreciation of the site and to prepare accordingly for the investigations, as well 

as studying of topographical and any other available information.  

3.2 Test Pits Excavation 

Ten test pits, designated TP1 through TP10 were excavated aimed to minimum depth of about 1.5m 

depth unless if refusal and/or pit collapse occurred, in order to investigate subsurface soil conditions. 

The subsurface investigation focused on the moisture, colour, consistency, soil structures, soil type and 

origin of the soil. In the case of bedrock, the focus was mainly be on colour, weathering, existing 

structures, rock hardness, type of rock and its origin.  

The positions of the test pits were recorded using a Garmin GPS handset and are pinned on the Google 

Earth images on Figures 2 to 7 above.  Test pits were profiled by an engineering geologist and their 

profiles along with the respective pictures are included in Appendix A of this report. 

3.3 Dynamic Cone Penetration Tests 

Five Dynamic Cone Penetration (DCP) tests, designated DCP1 through DCP5, were carried out at the 

positions shown on Table 1 below. The DCP tests were aimed to advance to minimum depth of 1.5 

metre below existing ground level unless where refusal occurred. The results of the DCP tests, 

comprising plots of blow counts per 100mm advance and estimated safe allowable bearing capacity 

values against depth, are given in APPENDIX B.  

Table 1: List of DCP points with their respective positions and depths 

DCP No. 

Coordinates 
Advanced 

depth(m) Refusal (m) Longitude  Latitude 

DCP 1 26°06'50.2"S 28°13'52.4"E 1.50 None 

DCP 2 26°06'50.2"S 28°13'53.9"E 1.50 None 

DCP 3 26°04'57.0"S 28°13'52.5"E 1.50 None 

DCP 4 26°06'51.0"S 28°13'50.9"E 1.50 None 

DCP 5 26°06'49.5"S 28°13'52.9"E 1.00 None 

 

3.4 Laboratory Testing 

Disturbed bulk soil was sampled by the engineering geologist and sent to SANAS accredited 

laboratories for testing. 

 

The following laboratory tests were conducted on representative samples from site:  

• Foundation Indicators; Particle Size distribution and Atterberg Limits  

• Moisture content  

• Mod AASHTO moisture/density relationship and CBR  

• Electric Conductivity  

• pH  

• Basson Index 
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4 INVESTIGATIONS RESULTS 

4.1 Topography 

The sites are situated on a gently sloping terrain towards either north-western or south western 

direction. Figure 8 below shows a scaled topography locality map for the facility extracted from 2628CA 

Meyerton. The widely spread contour lines illustrate the gentleness of the terrain. 

 

 
Figure 8 : An extract of topography locality map where Panfontein Rand Water is situated 

 

In addition, Figure 9 below shows elevation levels of the areas at and around the Panfontein Rand 

Water facility. From the figure below, it can be seen that the maximum elevation of the site is about 

1,477m asl and the minimum elevation is about 1,463m asl towards the south-western and north 

western sides. 
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Figure 9 : Different elevation levels displayed at and around the Panfontein Rand Water facility 

4.2 Climate 

Simulated historical climate and weather data report compiled by Meteoblue, indicate that this area 

receives the minimal rainfall (2mm) in July and the highest (111mm) in December. It is reported that, 

the average daily maximum temperatures at Panfontein Rand Water ranges between 18°C in June 

and 29°C in January. This area is coldest during the month of July whereby a minimum temperature 

of -3°C on average during the night may be experienced. The highest wind speed of about 23km/h 

may be anticipated between the months of September and November. Figure 10 below shows 

graphs of average temperatures, wind speed and rainfall at facility. 
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Figure 10: Various graphs illustrating average temperatures, rainfall and wind speeds at 

Panfontein Rand Water  

4.3 Geology 

The Geological Map Series, sheet number 2628 East Rand, published at a scale of 1:250 000 by 

Council for Geosciences indicate that the sites are situated on the area that is covered with a mantle 

of aeolian sand of which, at some places, is underlain by basalt rock of Kliprieversberg Group under 

Ventersdorp Supergroup. Figure 11 below shows a scaled geological map of the area where the 

sites are situated extracted from 2628 East Rand Geological Map and generated using Google Earth. 
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Figure 11: Regional geology of the area where the sites are situated extracted from 2628 East 

Rand Geological Map 

4.4 Local Geology 

On excavation of the ten test pits, the sites were observed to be underlain by a mantle of a fill, aeolian 

sand, residual soil and basalt bedrock. Table 2 below shows a summary of test pits logs whereby 

Appendix A shows full details of the logs and respective photographs. 

 

Table 2: Summary of the test pits logs 

Test Pit 
Co-ordinates 

 
 

  
 

    

No. Longitude Latitude 

Test 
Pit 

Depth 
(m) 

Fill 
Depth 

(m) 

Aeolian 
sand 

Depth 
(m) 

Residual 
soil 

Depth 
(m) 

Basalt 
bedrock 
Depth 

(m) 
Depth 

(m) 

Sample 
Retrieved 

Depth 
(m) 

Sidewall 
Collapse 

Depth 
(m) 

GWS 
Depth 

(m) 

TP 1 26°43'07.2"S 28°02'28.5"E 2.80 0.0-0.20 0.2-1.20 0.2-1.20 None None None None 

TP 2 26°43'06.6"S 28°02'29.8"E 2.60 0.0-0.10 0.1-0.60 0.6-2.60 None 0.6-2.60 None None 

TP 3 26°43'09.6"S 28°02'32.9"E 1.60 None 0.0-0.90 1.0-1.60 None 0.0-0.90 0.0-0.90 None 

TP 4 26°43'09.7"S 28°02'34.2"E 1.60 None 0.0-0.80 0.8-1.60 None None 0.0-0.80 None 

TP 5 26°43'17.20"S 28°02'34.6"E 2.80 None 0.0-0.80 0.8-2.80 None 0.8-2.80 None 2.80 

TP 6 26°43'17.90"S 28°2'33.10"E 2.70 None 0.0-0.70 0.7-2.70 None 0.0-0.70 None None 

TP 7 26°43'05.3"S 28°01'51.6"E 2.60 None 0.0-1.10 1.1-2.30 2.3-2.60 0.0-1.10 None None 

TP 8 26°43'05.6"S 28°01'52.3"E 2.80 None 0.0-0.90 0.9-2.60 2.6-2.80 None None None 

TP 9 26°42'21.1"S 28°01'56.1"E 2.70 0.0-0.30 0.3-0.80 0.8-2.70 None 0.8-2.70 None 2.70 

TP 10 26°43'06.6"S 28°02'29.8"E 1.50 0.0-0.10 0.1-1.20 1.2-1.50 None None None None 

*GWS=Groundwater seepage 
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4.4.1 Fill 

Fill is a soil material transported mainly by human activity. This soil mantle was identified at some of the 

test pits. To be specific, the fill material was identified at the Office Building and Guardhouse1 sites. 

Such fill materials were underlain by aeolian sand. The fill at the Office Building site generally 

comprised of slightly moist, yellowish brown speckled dark gray, loose to medium dense, intact silty 

sand with subangular cobbles. On the other hand, the Guardhouse1 site fill material comprised of 

slightly moist, reddish brown speckled gray, medium dense, intact, slightly clayey coarse sand. At the 

former site, fill material was identified at depths of between 0.1 and 0.2m below ground level with 

average thickness of 1.3m while at the latter site, it was identified to the depth of about 0.3m below 

ground level. 

4.4.2 Aeolian Sand 

Aeolian sand is a soil mantle that is naturally deposited by wind. This soil mantle was found on all test 

pits forming either an uppermost soil horizon or overlain by fill material. This soil horizon generally 

comprised of slightly moist, dark gray, yellowish brown or dark brown, loose to medium dense, intact 

very fine silty sand. This fine silty sand was identified at depths of between 0.1m and 1.2m with average 

thickness of about 0.9m at the Office Building site.  

At the Recreational Area site, this soil type existed from surface to depths of between 0.8m and 0.9m 

below ground level with average thickness of about 0.9m. It is on this site that the sand showed a 

yellowish-brown speckled orange colour. 

At the Weighbridge site, the aeolian sand showed a light gray stained dark brown colour. It was 

observed from surface to depths of between 0.7m and 0.8m below ground level with average thickness 

of about 0.8m.  

The aeolian sand at the Guardhouse 2 site showed the same colour as the one at the Weighbridge 

site although the depths were identified from surface to depths of between 0.9m and 1.1m below ground 

level with an average thickness of about 1.0m. 

A reddish brown speckled gray aeolian sand was identified at Guardhouse 1 site at depths of between 

0.3 and 0.8m below ground level. 

4.4.3 Pebble Marker  

This is a gravelly soil horizon that sometimes forms a boundary between transported soil and residual 

soil. This soil horizon was only identified in one test pit at recreational area. It generally comprised of 

slightly moist, yellowish brown speckled gray, medium dense to dense, intact sandy gravel with 

subrounded pebbles. The thickness of this pebble marker was about 0.1m as it was identified at depths 

of between 0.9m and 1.0m below ground level. 

 

 



 

Rand Water Panfontein GI Page 17 
 

GEOTECHNICAL INVESTIGATION AT PANFONTEIN RAND WATER, GAUTENG PROVINCE 

 

4.4.4 Residual Soil  

Residual soil is such soil that is directly derived from a complete weathering of the underlying bedrock. 

On this particular site, the existing residual soil is a result of a complete weathering of the underlying 

basalt bedrock. 

The residual soil was observed at depths of between 0.6 and 2.8m below surface with average 

thickness of about 1.0m. This soil mantle generally comprised of slightly moist, light gray stained 

orangey brown, speckled black, medium dense to dense, fissured clayey sand. 

At the Office Building site, this soil was identified at depths of between 0.6m and 2.8m below ground 

level with thickness of at least about 0.9m.  

The same soil horizon was observed at depths of between 0.7m and 2.8m below ground level at the 

Weighbridge site. A thickness of at least 2.0m may be anticipated on this site.  

At the Guardhouse 2 site, the residual soil was exposed at depths of between 0.9m and 2.6m below 

ground level with average thickness of about 1.2m. On the other side, Guardhouse1 site, had this clay 

at extended depth of about 2.7m from 0.8m below surface. 

At the Recreational Area, a very dense clayey sand that led to refusal of the TLB, was identified at 

depths of between 0.8m and 1.6m below ground level with average thickness of at least 0.7m. The TLB 

refused at depth of 1.6m below ground level in both test pits. 

4.4.5 Basalt bedrock 

The bedrock was only identified at Guardhouse2 site at depths of between 2.3m and 2.8m below 

ground level. The bedrock was generally identified as greenish gray stained orangey brown, moderately 

to highly weathered, very closely fractured, soft to medium hard basalt rock of Klipriviersberg Group.  

4.5 Seismicity 

The seismic hazard map of South Africa (Kijko, et. al., 2003) was consulted in order to obtain the peak 

ground acceleration of the area of interest. According to the published seismic hazard map of South 

Africa (Kijko, et. al. 2003), the peak ground acceleration at the area where Panfontein Rand Water is 

situated, with 10% probability of exceedance in 50years, ranges between 0.16g and 0.18g as shown 

on Figure 12 below. This range may be considered as medium in terms of Seismic Hazard Level. 



 

Rand Water Panfontein GI Page 18 
 

GEOTECHNICAL INVESTIGATION AT PANFONTEIN RAND WATER, GAUTENG PROVINCE 

 

 

Figure 12: Seismic Hazard Level map of parts of Southern Africa  

 

4.5.1 Mercalli Scale 

According to seismic hazard map derived from United Nations Office for the Coordination of 

Humanitarian affairs (OCHA), particularly the seismic intensity map, Randfontein Rand Water is 

generally located in Class VI area using Mercalli Scale. Figure 13 below shows a map of different 

seismic intensity across parts of Africa extracted from OCHA report. 

APPROXIMATE LOCATION OF 

THE AREA 
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Figure 13: Seismic Intensity map of parts of Southern Africa 

The Mercalli Scale is used to measure the intensity of an earthquake and its effects on people and 

structures. A level VI on Mercalli Scale categorises the impact of the seismic event as strong. Table 3 

below shows varying classifications of Mercalli Scale intensities. 
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Table 3: Modified Mercalli scale intensities 

I. Not felt 
Not felt except by a very few under especially 

favourable conditions. 

II. Weak 
Felt only by a few persons at rest, especially on upper 

floors of buildings. 

III. Weak 

Felt quite noticeably by persons indoors, especially on 

upper floors of buildings. Many people do not 

recognize it as an earthquake. Standing motor cars 

may rock slightly. Vibrations similar to the passing of a 

truck. Duration estimated. 

IV. Light 

Felt indoors by many, outdoors by few during the day. 

At night, some awakened. Dishes, windows, doors 

disturbed; walls make cracking sound. Sensation like 

heavy truck striking building. Standing motor cars 

rocked noticeably. 

V. Moderate 

Felt by nearly everyone; many awakened. Some dishes, 

windows broken. Unstable objects overturned. 

Pendulum clocks may stop. 

VI. Strong 
Felt by all, many frightened. Some heavy furniture 

moved; a few instances of fallen plaster. Damage slight. 

VII. Very Strong 

Damage negligible in buildings of good design and 

construction; slight to moderate in well-built ordinary 

structures; considerable damage in poorly built or 

badly designed structures; some chimneys broken. 

VIII. Severe 

Damage slight in specially designed structures; 

considerable damage in ordinary substantial buildings 

with partial collapse. Damage great in poorly built 

structures. Fall of chimneys, factory stacks, columns, 

monuments, walls. Heavy furniture overturned. 

. 
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4.6 Laboratory Test Results 

Laboratory tests results are detailed in Appendix C and summarised in Table 4 below.   

Table 4: Summary of laboratory test results 

Descriptions TP2 TP3 TP5 TP6 TP7 TP9 TP10 

0.6-2.60m 0.0-0.90m 0.8-2.80m 0.0-0.70m 0.0-1.10m 0.8-2.70m 0.0-1.20m 

Gravel (%) 16 0 15 - 5 33 1 

Sand (%) 49 89 54 - 75 44 80 

Silt (%) 7 6 7 - 11 7 10 

Clay (%) 28 5 24 - 9 16 9 

Liquid Limit (%) 34 - 32 - - 25 - 

Plasticity Index (%) 9 NP 12 - NP 6 NP 

Linear Shrinkage (%) 4.0 0.0 4.0 - 0.0 3.0 0.0 

Heave Potential Low Low Low - Low Low Low 

pH 7.45 5.62 6.0 7.7 7.56 7.06 4.72 

EC (Siemens/m) 0.0097 0.0259 0. 0104 0.0165 0.0086 0.0108 0.0346 

Electric Resistivity Ω·m 

(calculated) 

103.1 38.6 96.2 60.6 116.3 92.6 28.9 

Collapse Potential % 5.7 - 2.5 - - - - 

PRA Classification A-4-0 A-2-4 A-2-6 A-2-6 A-2-4 A-2-4(0) A-2-4(0) 

Unified Soil Classification SM SM SC SC SM SM & SC SM  

Colto Classification >G9 - >G9 - - - - 

Max. Dry Density (kg/m3) 1834 - 1841 - - - - 

Optimum Moisture (%) 14.5 - 12.6 - - - - 

100% Mod AASHTO 3 - 2 - - - - 

98% Mod AASHTO 2 - 2 - - - - 

97% Mod AASHTO 2 - 2 - - - - 

95% Mod AASHTO 2 - 1 - - - - 

93% Mod AASHTO 1 - 1 - - - - 

90% Mod AASHTO 1 - 1 - - - - 

 

 

 

5 GEOTECHNICAL ASSESSMENT 

5.1 Groundwater 

Groundwater seepage was only observed in TP9 at the Guardhouse1 site as well as in TP5 at the 

Weighbridge site. The groundwater seepage was identified at depths of 2.70m and 2.80m respectively. 

It must however be stated that, during periods of prolonged rainfall, particularly during the summer 

season, a marked increase in the occurrence and magnitude of groundwater seepage flow may be 

anticipated.   
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5.2 Potential Sinkhole/ Doline Formation 

The geological map shown on Figure 11 above illustrate that there is no dolomite where the sites are 

situated. It is therefore not expected that the sites can be prone to dolines and/or sinkholes formation. 

5.3 Excavatability 

Based on the test pits, excavation conditions may be anticipated as ‘soft mechanical excavation’ 

according to SANS 1200D “Classification of material for machine excavation” to depths of at least 1.5m 

at all the sites.  

5.4 Construction Materials Classification 

The laboratory test results indicated that the aeolian sand and residual soil had a PRA classification of 

ranging from A-2-4 to A-4-0 showing as good to fair quality of subgrade. Compaction test that was done 

on residual soil also showed a classification that is poorer than G9 quality according to Colto 

Classification and thus affirming that the material may be considered as fair subgrade quality. 

5.4.1 Nearby Commercial Source 

The only nearby commercial source that was identified was Afrimat - Glen Douglas Dolomite Mine. 

It is a mine that is located about 30km from Panfontein Rand Water. The place is basically selling 

varying sizes of aggregates including G5 quality material.  

5.1 Collapse Potential 

Collapsible soils are ones that have their soil grains weakly bonded. This factor implies that the volume 

and structure of the soil can change within a short space of time. The sudden change in volume and 

structure weakens the strength of the soil and thus deteriorates the stability of the buildings. 

Normally, the soil is tested in the laboratory to assess its collapse potential.  Jennings and Knight (1975) 

did extensive studies to correlate the collapse potential with the degree of severity to the structure. The 

collapse potential results of the soil at the site reveal that the residual soil has a collapse potential 

ranging between 2.5% and 5.7%. With this range, this tells that the soil mantle has a potential of being 

problematic in terms of its collapse severity. Aeolian sands have clay content way lower than any of 

the residual samples. It is therefore expected that such sands to even have higher potential of 

collapsibility due to weaker bonds. 

5.2 Percolation Test 

Percolation test is a method that is normally used to test if the soil would be properly suitable for soak-

away systems. A depth at which the percolation test was conducted was informed by the communication 

with the project’s civil engineer stating that the invert depth will be anticipated to be at 1.5 below ground 

level. The results on Table 5 below show that the percolation test failed and therefore soak-away 

system would not be ideal on the ground on site. The clay content does not allow percolation of the 

water at a desired speed. It is important to state that such residual clayey sand was consistent 

throughout the site and therefore there was no need to continue at other areas with the test. As a matter 
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of fact, the percolation test was left for more than 4 hours and during that period, only 2mm change of 

level was observed. 

Table 5:Percolation Tests results 

Time 

(minutes) 

Drop in Water 

Level in Test 

Hole (mm) 

0 300 

5 298 

10 298 

15 298 

20 298 

25 298 

30 298 

35 298 

Depth of percolation test (metres below existing ground level) 1.2 – 1.5 

Percolation rate. Time for a 25mm fall in test water level (minutes) >40 

Result of Test Fail 

Rate of application of effluent to subsoils in ℓ/m² soakpit wall area/day N/A 

 

5.3 Bedding Material 

In terms of the SANS 1200 LB (1983) concerning bedding requirements, buried pipelines require two 

types of selected material. Those selected materials are termed “Selected Granular Material” and 

“Selected Fill Material”. 

In general, the “Selected Granular Material “is used as bedding material to support the pipes, while 

the “Selected Back Fill Material” is used as blanket material over the crown of the pipe. General 

Backfill material is placed above the blanket materials, up to ground level.  
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From visual inspection and laboratory test results, the following comments and recommendations 

regarding the suitability and use of these materials are as follows. 

- None of the insitu materials sampled meet the grading requirements for “Selected 

Granular Material” laid down in SABS 1200 LB (1983).  Selected granular material 

is defined as “granular, non-cohesive and singularly graded between 0.6mm and 

19mm.  The material must be free draining and have a compactability factor not 

exceeding 0.4”. Therefore, all selected granular bedding material will need to be 

imported to the site.   

- If carefully sorted, the aeolian sand has a potential of being suitable for “Selected 

Fill” purposes. Selected fill is defined as “a material with a Plasticity Index (PI) not 

exceeding 6, free from lumps, vegetation and stones of a diameter exceeding 

30mm”. 

The other soil horizon excavated from trenches may be used as general backfill over the selected 

layers. 

5.4 Stability of Trenches 

There was evidence of sidewall collapse of aeolian sand at the Recreational Area, upon the test pits 

being left open for a period of about half an hour. Furthermore, the event whereby water ingress is 

encountered, or the trenches are left open for an extended period, there is a higher chance of 

instability problems due to pore water pressure. In such case(s), the excavated trenches will therefore 

have to be shored at all times to avoid sidewall collapse. 

5.4.1 Precautionary Measures 

5.4.1.1 BEDDING 

• Bedding material for pipe placement shall not be a frost susceptible material 

• Before placing any bedding material, the bottom of the trench shall be hand raked ahead of 

the pipe laying operation to remove stones and lumps which will interfere with smooth and complete 

bedding of the pipe. 

• The specified bedding material shall then be placed in layer(s) the full width of the trench, 

each layer not exceeding eight inches in thickness loose measure, and compacted to 95% of 

maximum density as determined by AASHTO T 180 D, until the elevation of the plan grade for the 

pipe invert is attained. 

• After the pipe has been laid and approved for covering, the specified bedding material shall 

be placed evenly on both sides of the pipe for the full width of the trench. 

5.4.1.2 TRENCH SAFETY 

It is important to ensure that soil removed from the trench is placed no closer than at least 2.0m from 

the edge of the trench.  It is generally required that trenches deeper than 1.5m be adequately shored 

where there is a possibility of collapse.  With pipeline trenches in particular, there is a tendency to open 
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the trench over large lengths thereby increasing the risk of sidewall collapse.  In any event there must 

be provision for safe access not more than every 50m along the trench length.   

Key issues regarding the stability of trench sidewalls are;- 

• Soft wet soil conditions  

• Surcharge loading at edges of trenches  

• Groundwater seepage  

• Rainwater runoff  

Of these, both surcharge loading and control of rainwater runoff can be managed.  Surcharge in the 

form of stockpiling of backfill, or trenching machinery (pipe laying rigs), must be placed well away from 

the edge of the trench. 

5.4.1.3 BACKFILL AND EROSION 

The trench line can also become a route for continued erosive activity, and with time could develop into 

a donga feature with resultant failure of the pipeline. It is therefore important to vegetate the trench 

outline as soon as possible after a process of backfilling is complete. 

5.5 Bearing Capacity 

Dynamic Cone Penetration can assist in determining the estimated allowable safe bearing pressures 

(EASBP) of the soils. Appendix B shows that the EASBP values range between as high as 240kPa 

but decrease to as low as between 54kPa and 31kPa at 1.5m depth. It was only at a Recreational 

Area site whereby the EASBP increased on a very dense clayey sand to 600kPa at 1.0m below 

ground level. The decrease in EASBP will require a foundation that will accommodate weak areas 

that have low EASBP values. The high consistency of the clayey sand at the Recreational Area site 

may be mostly influenced by a relatively dry conditions compared to other sites. Introduction of the 

moisture content on the clayey sand may similarly reduce the EASBP to levels that were observed at 

other four sites.  

5.6 Soil Corrosivity  

pH and electric conductivity contribute to the soil in having a corrosive effect. In general, the higher the 

acidity and the electric conductivity of the soil, the higher is its corrosiveness. The rating of the acidity 

or alkalinity of the soil sample is based on Table 6 below.   
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Table 6:Various ranges of pH and ratings 

pH Range Ratings 

<4.5 Extremely acidic 

4.5-5.0 Very strongly acidic 

5.1-5.5 Strongly acidic 

5.6-6.0 Medium acidic 

6.1-6.5 Slightly acidic 

6.6-7.3 Neutral 

7.4-7.8 Mildly alkaline 

7.9-8.4 Moderately alkaline 

8.5-9.0 Strongly alkaline 

>9.0 Very strongly alkaline 

 

The results from the laboratory show that the soil samples at Panfontein Rand Water, had a pH ranging 

between 4.72 and 7.7 with electric conductivity ranging between 0.0104 and 0.0346S/m as previously 

shown on Table 4 above. The degree of the corrosiveness of the soil samples at various soil horizon, 

using pH, electric conductivity and electric resistivity, are listed on Table 7 and Table 8 below. 

Table 7:Corrosiveness of aeolian sands 

TP Depth Description Conductivity(S/m) Electric Resistance Ω·m Corrosiveness pH Degree of Acidity 

TP3 0.0-0.90 Silty sand 0.0259 38.6 Highly 5.62 Moderately acidic 

TP6 0.0-0.90 Silty sand 0.0104 60.60 Moderately 7.7 Slightly alkaline 

TP7 0.0-1.10 Silty sand 0.0086 116.3 Mildly 7.56 Slightly alkaline 

TP10 0.0-1.20 Silty sand 0.0346 28.9 Highly 4.72 Strongly acidic 

 

Table 8:Corrosiveness of residual soil 

TP Depth Description Conductivity(S/m) Electric Resistance Ω·m Corrosiveness pH Degree of Acidity 

TP2 
0.6-

2.60 
Clayey sand 0.0097 103.1 Mildly 7.45 Moderately acidic 

TP5 
0.8-

2.80 
Clayey sand 0.0165 96.20 Moderately 6.0 Slightly alkaline 

TP9 
0.8-

2.70 
Clayey sand 0.0108 92.6 Moderately 7.06 Slightly alkaline 

 

 The two tables above show that the environment at the aeolian soil horizon has corrosiveness ranging 

from mild to highly corrosive. On the other hand, the residual soil degree of corrosiveness ranges from 

mild to moderately corrosive. It is therefore recommended that a specialist opinion be acquired as to 

how to protect the buried steel elements from the corrosive aeolian and/or residual soil horizons. 

5.7 Basson Index Test 

The aim of the test is to analyse the soil so as to determine the aggressiveness of the soil towards the 

concrete and fibre cement pipes. Basson Index tests results detailed on Appendix C and 
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summarised on Table 9 below indicate that both aeolian and residual soils have Aggressive Index 

(Nc) values of 1109 and 2546 respectively.  

Table 9:Basson Index results and the related degree of aggressiveness 

TP Depth Description Origin Basson Index 
Aggressive 

Index Nc 

Degree of 

Aggressiveness 

TP5 0.8-2.80 Clayey sand Residual soil Aggressive 2546 Very highly 

TP6 0.0-0.90 Clayey sand Aeolian Aggressive 1109 Very highly 

 

Using the guidelines shown on Table 10 below, it can be concluded that the soil on site is highly 

aggressive to the concrete and fibre cement pipes. A specialist advice will also be needed to 

determine a suitable protection of concrete and fibre cement pipes from such highly aggressive soil 

environment.   

Table 10:Guidelines for assessing overall aggressiveness (Nc) 

Nc Aggressiveness 

Not greater than 300 None to mild 

400-700 Mild to Moderate 

800-1000 High 

=or>1100 Very high 

 

5.8 Soil Expansivity 

Expansive soil is the one that has clay with a high smectite mineral content. This mineral has ability to 

absorb a high volume of water which in turn will result in overall swelling of the soil. The swelling of 

soil is known as heave. When the moisture decreases, the soil will also decrease in volume and thus 

shrink. Structures that are constructed on expansive clays are destabilised by the heave movement. 

For this reason, the soil is normally taken to the laboratory to analyse its expansivity potential. Results 

from the laboratory indicate that the soil on site has low heave potential. 

 Van Der Merwe1, 1975, compiled a relationship of Expansive Potential of clay to heave movement 

and according to such relationship; no heave movement may be anticipated throughout the site. 

Geotechnical Classification 

In terms of Geotechnical Classification of Urban Development, after Patridge, Wood and Brink, the area 

may be categorised as Intermediate Favourable Class.  This class was selected based on the 

parameters discussed above and summarised on Table 11 below. Intermediate Class category 

means precautionary measures are to be taken as prescribed during design and construction. 

 

 
1 D.H Van Der Merwe (1964) The Prediction of Heave from the Plasticity Index and Percentage Clay Fraction of Soils. The 

Civil Engineer, pp103-107 
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Table 11: Geotechnical Classification Parameters 

Geotechnical Classification for Panfontein Rand Water  

Geotechnical 
Constraint   

Collapsible Soil Problematic 

General Description of 
the site 

Urban in nature 

Aeolian sand underlain by residual basalt that comprises of clayey sand 

No rock outcrop encountered on site 

Developed area with different services 

  Relatively dry to slightly moist area 

Groundwater Seepage 
and runoff Permanent or perched water more than 1.5m below ground surface 

Potential 
Expansiveness Low  

Compressible soil Highly to moderately compressive  

Erodibility of the soil Moderately to high on aeolian sands 

Difficulty of excavation 
to 1.5m depth  Soft excavation is anticipated throughout the site to 1.5m with a TLB machine 

Drainage route Storm water may generally be channelled via designed stormwater system 

Stability (Dolomitic/ 
limestone presence No dolomitic risk 

Slope Classification Gentle slope; angle between 2 and 6 degrees 

Seismicity 10% Probability of seismic activity less than 100cm/sec2 within 50 years 

Need for specialised 
Floodline Investigation No existing water course observed in the vicinity of this site. 

 

5.9 Site Class Designation 

It is understood that the guardhouses and recreational building will be single storey structures while the 

office building may be either single or double-storey structure. It is recommended that structures be 

founded on foundations, such as a stiffened or cellular raft, that can tolerate differential settlements due 

potentially compressible and collapsible soils. It is not known what type of structures are to be 

constructed for the weighbridge, however, consolidation tests have also been conducted on the clayey 

sands for the Structural Engineer to determine mv as well Sc for design purposes. 

The following is recommended: 

• All foundations should be designed by a Structural Engineer. 

• If the strength of the ground is to be improved, such improvement must be designed by the 

structural engineer. 

Under no circumstances should the foundations be placed in fill, unless such fill is engineered for such 

purpose.  Buildings should be positioned in the cut part of platforms to avoid founding in fill and to 

minimise founding costs. 

In addition to the above, the following good building practice is recommended to minimise differential 

movements beneath foundations: 
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• Buildings should have a concrete surround, minimum width 1 metre, with falls away from 

the building to ensure drainage of stormwater away from the structure. This will prevent 

the ingress of water into the foundation soils.  

• All roof water is to be collected via down pipes and discharged away and downslope of 

the building. 

• No flower beds or vegetation to be planted within 3 metres of any structure. 

• Septic tanks and soak pits, if present, must not be located within 3 metres of the structure, 

downslope from structures  

It is recommended that an experienced engineering geologist must inspect and approve all foundations 

excavations to confirm the conditions of the excavations.  

6 PRECAUTIONERY MEASURES 

6.1 Drainage 

The most important factor in the promotion of a stable site is the control and removal of both surface 

and groundwater from the site.  It is important that the design of the stormwater management system 

allows for the drainage of accumulated surface water.  Such water should be directed towards the 

natural drainage lines. Disposal of stormwater should in any case conform to the Local Authority’s 

requirements.  Points of discharge of piped stormwater should be carefully designed to limit erosion. 

6.1.1 Surface Drainage 

Surface drainage of building platforms should be designed to direct water away from fill edges to prevent 

overtopping of the fill crest and erosion of the fill embankment slopes.  It is important that grassing of 

fill embankments be carried out as soon as possible after construction. 

6.1.2 Sub-surface Drainage 

The need for subsoil drains will have to be assessed on site during development. Where groundwater 

seepage is encountered during construction, these zones will need to be controlled with effective subsoil 

drains, particularly where water is likely to gain ingress into the structural layers of foundations.  The 

occurrence of seepage at the base of the platforms cuts may also require similar treatment.   

6.2 Vegetation 

All trees should be regarded as potential source of damage to any housing developments. The following 

varieties are, however, particularly prone to causing damage: 

a) All eucalyptus varieties; 

b) Lombardy (Free State) poplars; 

c) London planes; 

d) Willows (Salix) of any type; and  

e) Jacarandas. 
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The greatest risk of direct damage occurs close to the tree from the growth of the main trunk and roots, 

and diminishes rapidly with distance.  The risk of damage can be minimized should precautions be 

taken when the distance from trees is less than given in Table 12 derived from the South African 

National Standard (SANS 10400-H: 2012 Edition 3). The Application of the National Building 

Regulations. Part H:  Foundations.  

 

Table 12: Minimum distance between masonry and centre of trunks of young trees 

Description 

Minimum distance between buildings and 

trees (meters) 

Mature height of tree 

<8 m 8 m to 15 m >15 m 

Buildings other than single-storey buildings of 

lightweight construction (for example, timber 

framed) 
- 0.5 1.2 

Single-storey buildings of lightweight 

construction (for example, timber framed) - 0.7 1.5 

Free-standing masonry walls: 

- distance for prevention of all damage 

- distance which permits some movement and 

minor damage which might be tolerable 

- 

- 

1.0 

- 

- 

2.0 

Drains and underground services: 

- distance which permits some movement and 

minor damage which might be tolerable 

- less than 1 m deep 

- more than 1 m deep 

- 

0.5 

- 

0.5 

1.5 

1.0 

1.0 

3.0 

2.0 

In-situ concrete paths  and driveways: 

- distance for prevention of all direct damage 

- distance which permits some movement and 

minor damage which might be tolerable 

0.5 

- 

1.0 

0.5 

2.5 

1.5 

Paths and driveways with flexible surfaces, 

such as asphalt, shale or paving slabs: 

- distance for prevention of all direct damage 

- distance which permits some movement and 

minor damage which might be tolerable 

0.7 

- 

1.5 

0.5 

3.0 

1.0 

Note: This table provides guidance on the proximity of young trees or new planting to allow for 

future growth. This should not be taken that construction work can occur at the specified distance 

from existing trees, as such work might damage the tree, or render it dangerous, but refers to the 

potential for future growth, either of a young tree or of planting occurring subsequent to 

construction. 
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7 CONCLUSION 

The geotechnical investigation performed has indicated that the proposed area is suitable for the 

construction of the proposed structures provided that the points given in the report are put to mind. 

 

The geotechnical investigation carried out and discussed in the report is based on the assumption that 

a single and two-storey building will be constructed on the proposed sites.  Should this not be the case, 

further geotechnical investigations might have to be conducted. 

 

The recommendations made are based on, but not limited to, the information obtained from ten test 

pits, five DCP tests, percolation test and the laboratory results. All test pits indicate a consistent soil 

profile across the sites. However, it is possible that the ground profile varies at other areas on site where 

these investigations were not performed. Hence it is recommended that an experienced engineering 

geologist is engaged to assess the foundation ground conditions during construction to ensure that the 

ground conditions are as anticipated and to make recommendations if conditions change. 
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APPENDIX A: TEST PITS PROFILES 
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TP2 
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TP3 
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TP4 
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