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LAKES ECO AND GOLF RESERVE: SEDGEFIELD

PRELIMINARY GEOTECHNICAL INVESTIGATION .

EXECUTIVE SUMMARY.

The preliminary geotechnical investigation has shown in summary that the site:

has no major civil engineering problems which would preclude the use for which it is intended, and

That the topography is such that there are 3 distinct areas, being a high flat area which is largely underlain by stiff to firm clays with a low expansion potential, suitable for most housing and a very steep transition also underlain by clayey materials, and which also has some rock outcrops on the escarpment, marginally suitable for development, and generally flat area with some rolling topography underlain by fine sands which will require some ground improvement or piling in order to support heavy and domestic structures

that further diamond drilling and Dutch probe investigation is required to fully determine the engineering properties of the sandy areas, and

that whilst the investigation has revealed  a dearth of sound road building and airport materials, it is suspected that there are distinct possibilities of uncovering good engineering aggregates after  prospecting at places on the site acceptable to the environmental lobby, and

that the development of the site , which will undoubtedly entail landscaping and drainage earthworks , will of necessity be accompanied by further individual investigations when the road , airport,  house and large structural alignments are in a pre-final stage, and

due to the character of the soils and topography on the site , the drainage facet of the works will need to be designed with circumspection.  

LAKES ECO AND GOLF RESERVE: SEDGEFIELD

PRELIMINARY GEOTECHNICAL INVESTIGATION.

Introduction.

The intent of this report is to describe the findings of the investigations conducted on the above premises, and to make indicative recommendations for the design and construction of the various structures and services to be installed on the site.

Information.

Description of the Information Assimilated and Used in the Report.

The following sources formed part of the desk study for the report:-

The broad guide to the geology of the area is described on the mapping details released by the Geological Survey  on their plan Oudtshoorn 3322 to a scale of 1:250000.

Reference was also made to the handbook  entitled “ The Stratigraphy of South Africa” published by the Geological Survey which assisted in the identification of the various geological series uncovered in the field investigations.

The draft technical recommendations for highways TRH 4 :1996  “ The Structural Design of Flexible Pavements for Interurban and Rural Roads” revealed that the development lies in an area with a Weinert macro climatic number N of less than 2 which points to a conservative approach being required for  the design of the roadworks and drainage.

Discussions with local people concerning the effects of prolonged periods of rainfall  and the effect this has on the flatter areas of the development.

General Location and Description of the Site.

The proposed development is located on a farm which previously cultivated hops and pine forestry and is about 1010 hectares in extent. The development is on the northern shores of the Swartvlei Lake , and south of the Outeniqua mountain range a few kilometres from the town of Sedgefield.

The site is generally well drained,  is  flanked by 2 perennial streams., and may be broadly divided into several distinct planes:-

An upper relatively flat  plateau situated about 240 metres above MSL which in the recent past has been utilised for forestry and hops crops, and

A  steep escarpment area which is partly given over to commercial forestry and partly to indigenous vegetation , and which provides the transition to the lower areas of the site, that becomes

A  gently undulating lower area which slopes down to the Swartvlei Lake.

There is very little wetland to be observed on the site, although in times of incessant rainfall, parts of the upper plateau will become saturated due to the  appearance of the perched water tables rising to the ground surface.

Much of the cultivated and forested areas are badly overgrown with wattle and other alien vegetation, and fairly large areas have relict stumps remaining which will have to be removed where they impinge  on  the proposed developments.

Evaluation Procedures Used in the Investigation

The following procedures were used in the investigations:-

In order to evaluate the broad materials picture present on the site some 25 test pits were dug to depths of about 2 metres , and were profiled in the standard Kantey/Brink fashion.

Representative samples of the various materials present in the pits were removed for laboratory testing to determine the engineering and road building characteristics such as gradings, plasticity indices and bearing capacity (CBR)

Hand held penetrometer tests (DCP) were also performed immediately alongside the bulk of the test pits to obtain an indication of the state of compaction of the subsoils. 

The stability of the escarpment areas could not be assessed by air photo interpretation as they are covered in trees, but from ground observations there do not appear to be any ancient slump zones , the harbingers of slope instability. However, this facet must be revisited and confirmed when the final development configurations are being  put in hand.

Existing farm buildings on the site were superficially examined for signs of distress. The cracks which were observed were felt in the main to be the result of construction shortcomings exacerbated to some extent by poor subsoil and foundation assessments.

Geology and Geohydrology of the Site

The upper portions of the site are underlain by soils of ,and rocks derived from , the Maalgaten granites. These are  overlain by quaternary deposits. There are rock outcrops to be seen exposed in the rock cuttings which were made for  the construction of the escarpment road system, and these have been identified as being schists of the Kaaimans series .The lower portions of the site are overlain by recent fine sands of unknown depth.

No water tables were encountered during the excavation of the test pits, which were dug to relatively shallow depths. However, where the clayey materials are overlain by permeable silty sands, as over the bulk of the upper and transition plateaux, perched water tables will manifest during times of incessant rainfall. Some of the flatter sandy lower areas may also become waterlogged in similar conditions due to the presence of silty lenses present in the generally sandy matrices.

As no diamond drilling was undertaken as part of the preliminary geotechnical investigations, the depth of groundwater could not be assessed across the site. However, it is probable that stable water tables could be expected beneath the flatter sandy portions of the site at relatively shallow depths.

Geotechnical Conditions and Restraints

Soil Profiles.

The test pits were so located as to reveal in broad terms the underlying geotechnical conditions on those portions of the site where significant developments were envisaged to take place in the future.

The positions of the test pits are shown on the plan attached in the appendix to the report, together with the detailed test pit profiles as logged during the investigations. In summary, the profiles reveal:

On the upper plateau the profiles in general show 

0-600mm         dark brown, permeable moist silty sands, with a very poorly developed              
                  ferricrete rich clayey sand in the lower reaches, above

600-2000mm     Impermeable moist to very moist dark reddish orange sandy clay or clay

On the transition zone from the upper plateau to the lower areas the profile is similar to that of the upper plateau

On the lower relatively flat areas the profiles consist entirely of sand from 0-2000 mm  which has a varying amount of silty material in the matrices.

DCP Results

The DCP results indicate that the clayey upper and intermediate areas are underlain by relatively stiff clayey materials whilst the sandy areas are generally in a loose to medium dense condition . The table below indicates the assessed average DCP blow count over the range 500 to 2000 mm below natural ground level on the site.

	Broad Area
	DCP  No
	Assessed Blow Count over 500-2000mm in mm/blow
	Comment

	Upper plateau
	13
	8
	Very stiff

	
	14
	8
	Very stiff

	
	15
	13
	Very stiff

	
	16
	7
	Very stiff

	
	17
	5
	Very stiff

	
	18
	10
	Very stiff

	
	19
	20
	Stiff

	
	21
	20
	Stiff

	Transition Area
	10
	15
	Stiff

	
	12
	13
	Stiff to very stiff

	Lower Areas
	1
	35
	Loose

	
	2
	35
	Loose

	
	3
	45
	Loose

	
	4
	37
	Loose

	
	5
	20+
	Medium Dense

	
	6
	15
	Medium Dense

	
	7
	40
	Loose

	
	8
	28
	Medium Dense

	
	9
	18
	Medium Dense

	
	9A
	32+
	Loose

	
	11
	5
	Dense


It will be seen that the upper and transition plateaux are underlain by stiff to very stiff clays in the usual founding zone below natural ground level, whilst the lower zone is underlain by generally loose to medium dense sands. Thus the upper plateau zone should not be settlement sensitive for most structures , but the indications are that the lower areas could be subject to collapse settlements.

  Foundation Indicator Tests

The foundation indicator tests are attached in detail to the report in the appendix. In summary they show:

That the clayey materials occurring on the site are generally of low expansivity, but that

Because of the moist condition of the bulk of the profiles, negligible  heave can be expected provided the usual measures to prevent the drying out of the clays is taken

The sands vary in plasticity values .In the areas around pits 1 to 8 and adjacent to pit 11 the sands are loose and non-plastic, and are probably susceptible to collapse settlement. Those sands adjacent to pits 9, 10 and 13 have plasticity indices ranging from 6 to 15, and are probably not susceptible to collapse settlement.

CBR  Testing

The CBR testing results will only be available in January 2003. However, it is apparent from the foundation indicators that:

a)    the granitic gravely materials within the depth sampled will be no better than a G9 material due to 

       the presence of micaceous material,

b)   whilst the silty sands and non plastic sands are expected to be to a G7/8 standard.

Terrain Mapping Units : Geotechnical Classification

The 3 broad units of terrain have been described in paragraph 2.2 above and in subsequent paragraphs. In summary, the units may be classified as below:

2.6.1  Upper Plateau 

	Constraint Item
	Constraint
	Most Favourable
	Intermediate
	Least Favourable

	A
	Collapsible soil
	The prevalent clays are not collapsible
	
	

	B
	Seepage
	
	Seepage must be expected on the silty sand /clay interface
	

	C
	Active soil
	Low soil heave potential if clays are kept at ambient moisture
	
	

	D
	Highly compressible soil
	Low soil compressibility anticipated
	
	

	E
	Erodibility of soil
	
	Upper silty sands are very erodible on steep grades
	

	F
	Difficulty of  excavation to 1.5 meter depth
	No difficulty in the main
	
	

	G
	Undermined ground
	none
	
	

	H
	Underground Stability  (limestone or dolomite)
	stable
	
	

	I
	Steep slopes
	Less than  6 degrees
	
	

	J
	Areas of unstable natural slopes
	Low risk
	
	

	K
	Areas subjected to seismic activity
	10%  probability of an event less than 100cm/s² within 50 years
	
	

	L
	Areas subject to flooding
	Only on the very flat areas where there is limited runoff .Landscaping and drainage required here
	
	


2.6.2   Escarpment Areas

	Constraint Item
	Constraint
	Most Favourable
	Intermediate
	Least Favourable

	A
	Collapsible soil
	The prevalent clays and rocks are generally not collapsible
	
	

	B
	Seepage
	Seepage must be expected on the clay /silty sand interface
	
	

	C
	Active soil
	Low heave potential
	
	

	D
	Highly compressible soil
	Low soil compressibility anticipated
	
	

	E
	Erodibility of soil
	
	Silty sands are highly erodible
	

	F
	Difficulty of  excavation to 1.5 meter depth
	There may be occasional rock formations in this region but for the bulk of the area, no difficulty
	
	

	G
	Undermined ground
	none
	
	

	H
	Underground Stability

(limestone or dolomite)
	stable
	
	

	I
	Steep slopes
	
	
	There are some slopes more than 12 degrees

	J
	Areas of unstable natural slopes
	
	Intermediate risk
	

	K
	Areas subjected to seismic activity
	10% probability of an event less than 100cm/s²
	
	

	L
	Areas subject to flooding
	none
	
	


2.6.3  Lower Sandy Areas

	Constraint Item
	Constraint
	Most Favourable
	Intermediate 
	Least Favourable

	A
	Collapsible soil
	
	
	Collapsible horizons found throughout

	B
	Seepage
	There may be seepage at the silty sand /clayey sand interfaces
	
	

	C
	Active soil
	Low heave potential
	
	

	D
	Highly compressible soil
	
	Moderately compressibility expected
	

	E
	Erodibility of soil
	
	
	Extremely highly erodible on the steep slopes

	F
	Difficulty of  excavation to 1.5 meter depth
	Small, but problems with slumping. Shoring will be required if excavations are deeper than1,5 metres
	
	

	G
	Undermined ground
	none
	
	

	H
	Underground Stability

(limestone or dolomite)
	stable
	
	

	I
	Steep slopes
	Slopes generally less than 6 degrees
	
	

	J
	Areas of unstable natural slopes
	No unstable areas anticipated
	
	

	K
	Areas subjected to seismic activity
	10% probability of an event more than 100cm/s²
	
	

	L
	Areas subject to flooding
	A possibility near the lake shores. 50 year flood line to be observed
	
	


3.    Impact of the Geotechnical Character of the Site on the Proposed Developments

Land Usage.

The land has been used for agricultural purposes in the recent past. However,

Installation of Services.

No hard materials were encountered in the test pits, and the service trenches and pipelines should be readily excavated either by hand or by TLB machine.

However, some minor volumes of rock should be expected as the various service routes traverse the escarpments. 

Structures

Structures on Clay Profiles

Those structures to be founded on the clay profiles encountered on the upper and transition plateaux may in general be designed with an estimated bearing pressure of 100 KN/m². Measures must be taken to ensure that the clay within the house or structural footprint does not dry out in order to prevent volume changes and hence heave. 

The type of foundation adopted will depend upon the detailed final investigations, but strip or reinforced inverted tee footings are envisaged from the results of the test programme, these being the usual solution for clayey soils.

Structures on Sandy Profiles.

Those structures on the loose sand profiles will need to be treated with circumspection as the states of compaction encountered in the test pits indicate the presence of collapse potential. 

For light buildings, re-compaction of the structural footprint together with slightly wider strip or reinforced inverted tee footings would appear to be the most economical solution for the foundations. For estimating purposes a bearing pressure of 100 kN/m² may be used after the treatments are undertaken.

For heavier buildings, some form of ground improvement at depth is required. The sand profiles tested have indicated that their gradings are on the limit of the empirical envelope which is deemed suitable for dynamic compaction or dynamic replacement. The sands are not suitable for improvement using vibrofloatation as there appears to be too much fine material in the grading tail. It is thus likely that heavy, settlement sensitive buildings will require piling.

    Roadworks and Airport Construction.

3.4.1  Material Quality Characteristics.

The silty sand upper materials ( 0 mm to about 500mm below natural ground ) are suitable for G7 category use. However, they tend to heave and are unsuitable for use if the moisture rises to within 2% of the optimum moisture content for compaction.

The granitic materials are of indifferent quality within the depth of the test pit excavations, and are unlikely to exceed G9 category characteristics.

The non-plastic sands are suitable for use as G7 category materials but will require a capping layer to ensure stability for compaction.

The clayey materials on site may be assumed for design purposes to only have a CBR of 3 at insitu density.

Pavements

For estimating purposes only, the following pavements may be assumed:-

For roadworks        


150 mm     G9    selected subgrade from site earthworks


150 mm     G7    selected subgrade from site earthworks


150 mm      G5   subbase imported


125 mm      G2   base imported


double seal   OR

19.0 mm and/or 13.2 mm Cape Seal   OR

Asphalt   OR

Interlock paving blocks in lieu of the G2 Base Course.

For Airports

This will depend upon the envisaged design loadings, but the above pavement with an asphalt surface could also be utilised for estimating purposes assuming light aircraft use.

Sewage Disposal

Provided that the environmental and structural density considerations are met, the lower sandy regions of the site could be found suitable for isolated septic tank sewage disposal. However, this form of disposal is not recommended in general because of the density of housing within the development, and package plant systems would be the preferred solution. 

Where clays are the underlying profile component, septic tanks are definitely unsuitable for use.

Drainage

Drainage on the developed site is of paramount importance

On the flatter portions of the upper plateau, the areas will become saturated in times of incessant rainfall unless measures are taken to ensure adequate runoff without ponding. This will require the extensive use of landscaping and stormwater and subsoil drainage. 

The sandy areas of the site will also need to be carefully drained as these materials are extremely susceptible to erosion scarring. 

The steep areas of the site will likewise need to be carefully drained to prevent erosion problems from developing.

3 Conclusions and Recommendations

Recommendations

The intention of this preliminary geotechnical report is to provide a basic planning framework upon which the final designs can be predicated. This report has highlighted that:

The  clayey subsoils on the site are moist and stiff , and are in general suitable for light foundations, and has shown that

The sandy subsoils are loose and are settlement sensitive, and  will need to be improved to sustain  heavy and light loadings in safety, and that

There is no serious difficulty to be expected in the installation/excavation of underground services. The vast bulk of the materials encountered will be classified soft or intermediate and can be excavated with a TLB.

The preliminary investigations have uncovered a relative paucity of good road and airport building materials for the upper pavement layers.

In order to firm up the designs and confirm the above findings, it will be necessary to undertake further and more intensive site-specific geotechnical investigations when the final housing/structural layouts, and the road and airport alignments are in a pre-final stage. In particular, it is recommended that the following steps be put in hand:

For major structures to be founded on sands it will be necessary to evaluate the depth and quality of the sand profile in order to determine the most economical method for supporting the various structures. This will require a full diamond drilling programme including SPT evaluation, together with Dutch probes to assist with the settlement estimations. From this work it will become clear whether dynamic compaction/ground improvement or piling will be the preferred solution.

Because of the paucity of good roadworks materials uncovered during the preliminary investigations it would be prudent to prospect for borrow pits within the development limits for subbase, basecourse, surfacing stone and concrete aggregate. To this end an environmentally acceptable source will likely be found in the hard outcrops noted on the escarpment, and because of the size of the project and the required demand volume, this could be crushed to produce economical building materials. The production of these materials on site is important for economical construction because the nearest commercial sources of aggregates are  a considerable distance away, being either George or Knysna.

The high standard of housing envisaged by the developers will necessitate that each group of  houses  be  investigated to ensure that adequate foundations are provided. To this end collapse settlement and total heave under applied loads is required to be determined.

A full centreline soil survey should be undertaken when the pre-final longitudinal sections of the airport and roadworks are made known. This will facilitate the design of the pavement layers and the treatment of the in situ subgrades.

For structures founded upon the clayey areas some consolidometer tests will be required to confirm the settlements to be anticipated.

Conclusions

The preliminary geotechnical survey has revealed that there is no just engineering cause or impediment why The Lakes Eco and Golf Reserve project should not be undertaken on the above site. The survey has highlighted some of the problems and has indicated requirements for the prosecution of the designs.

D. McDonald and A Cook and for Siyakhula Laboratory cc
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