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COPYRIGHT AND DISCLAIMER

Mibu Geotechnical Consultancy (Pty) Ltd reserves the copyright fo this document including the accompanying data, models, trade

seets, rules, any other applicable intellectual property rights anq is protected by the copyright and intellectual property law of South
~ Africa, The information within this document is considered confidential and may under no circumstances be reproduced, distributed or
used by a third party without written consent of Mabu Geotechnical Consultancy (Pty) Ltd.

Wabu Geotechnical Consultancy (Pty) Ltd strives to deliver a service of the highest quality, adhering to the prescribed industry
stindards. Itis for this reason Mabu exercises due care and diligence in the implementation of fieldwork, site assessment and the
generation of detailed reports and models.

The information presented in this document is based on the information supplied by the Client prior to the commencement of the
investgation; therefore, Mabu Geotechnical Consultancy (Pty) Ltd including its directors and employees shall not be held liable for, and
is indemnified against all actions, claims, demands, losses, liabilities, costs, damages and expenses prompted by,
with, inaccurately relayed information pertaining to the site and/or the development.

or in connection

This report is exclusively compiled for AES Consulting cc; with specific application to the proposed development.



LIST OF ABBREVIATIONS AND DEFINITIONS

Pressure acting over the foundation area which would cause shear failure of the supporting soil
immediately below and adjacent to a foundation. '

California Bearing Ratio
CBR is a penetration test for the evaluation of the mechanical strength of road subgrades and base-
courses. It was developed by the California Department of Transportation before World War .

The excavatability of an earth (rock and regolith) material is a measure of the material to be excavated with
conventional excavation equipment such as a bulldozer with rippers, light mechanical excavator or other
grading equipment.

Restricted Excavation
Hard Rock: Material that cannot be removed without blasting or wedging and splitting

Intermediate: Material which can be removed by a back-acting excavator having a fly wheel power >0.10
kW for each mm of tined-bucket width, or with the use of pneumatic tools before removal by a machine
capable of removing soft material.

Soft: Material which can be efficiently removed by a back-acting excavator of a fly wheel power >0.10 kW
for each mm of tined bucket width

Non-restricted Excavation

Hard Rock: Material that cannot be effectively ripped by a bulldozer having an approximate mass of 35
tonne and a fly wheel power of 220 kW

Intermediate: Material which can be effectively ripped by a bulldozer having an approximate mass of 35
tonne and a fly wheel power of 220 kW

Soft: Material which can be effectively removed or loaded, without prior ripping, by any of the following
plant;
*  Abulldozer or track type front end loader having an approximate mass of 22 fonne and a fly wheel
power of 145 kW, g
A tractor-scraper unit having an approximate mass of 28 tonne and a fly wheel power of 245 kW,
pushed during loading by a bulldozer equivalent to that described above,

The Modified AASHTO
Soil Classification System which was developed by the American Association of State Highway and
Transportation Officials, and is used as a guide for the classification of soils and soil-aggregate mixtures for
highway construction purposes.

Itis the pressure that soil exerts in the horizontal direction and is an important parameter for the design of
different types of retaining walls.

Pedocretes are surficial deposits formed from absolute enrichment (cementation or replacement) or
relative enrichment (weathering residue) of soils by various cementing minerals. The various types of
pedocretes andtheir associated cementing constituents include:

" 'Ferricrete: iron oxide enriched
Calcrete: carbonate enriched
Gypcrete: gypsum enriched
__Silcrete: silica enriched

Residual soils are soils that develop from the complete weathering of their underlying parent rocks (in-situ)
and have the same general chemistry as those rocks.

Soils which form through weathering and erosional processes and characterised by the transporting
agent/agents through which the soil is formed. Transporting agents include wind, water, ice and/or gravity.

Test Pit
An excavation made to examine the subsurface conditions (stratigraphy and composition) on a potential
construction site. Samples are taken at specified depths for lab analysis.
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Engineering Geological Investigation- Talana Community Residential Units

1 Project Introduction

1.1

1.2

1.3

General

This report describes the results of the Engineering Geological Investigation conducted in support
of the proposed new Talana Community Residential Units, to be constructed across Erven 5841,
5842 and 5849 within Tzaneen Ext 105; Limpopo Province of South Africa.

This investigation was undertaken in order to assess the engineering geological character of the
site; focussing on the geotechnical propertle‘, whuch will affect the overall development potential
of the area in question.

Terms of Reference

Mabu Geotechnical Consultancy was appomted by AES Consulting cc- as confirmed by a formal
lefter of appointment dated 29/70/2020- to undertake the Engineering Geological Investigation
forthe proposed development.

D_ocument Version: Final Report

‘Document Number: M-20-161

The investigation presented in this report was conducted in accordance with a Phase 1
Engineering Geological Investigation for a Township Development. A Phase 1 Engineering
Geological Investigation is conducted in order to delineate the site into a number of geotechnical
zones, and in doing so, provide an initial geotechnical site class to each of the stands/units across
the site.

A follow-up Phase 2 Engineering Geological Investigation is typically conducted during the
construction phase, whereby the geotechnical site class for each of the stands/units is confirmed
by various means of exposures (service trenches, trial holes, etc.).

Investigative Standard

This report is based on point data collected during the fieldwork phase of the investigation. The
generally accepted practices and standards adhered to throughout this investigation were taken
from the Site Investigation Code of Practice put forward by the Geotechnical Division of
SAICE (2010), in conjunction with Geotechnical Site Investigations for Housing Developments
(GFSH-2) and Geotechnical Investigation for wanship Developments (SANS 634- 2012).

« Thelsub-surface evaluation of the site, sampling and testing was representative of the soil/rock
. conditions observed on-site. The investigation has therefore attempted, through interpolation and
: extrapolatfon at known test locations, to identify problem issues of a geotechnical nature on which

" this report is based. Variances in soil and rock quality and quantity from those predicted may be
:encountered during construction and these should be recorded.

1
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1.4

1.5
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Engineering Geological Investigation- Talana Community Residential Units

Available Information

The following sources of information were utilized:

» Geological Data
» Geological Series Map 2330 Tzaneen; scale 1: 250 000 (digital format)
* Hydrogeological Data:
*  Hydrogeological Series Map'2330 Phalaborwa; scale 1: 500 000 (digital format)

L]

» Topographic Data: :
* Topocadastral Series Map 2336 CC Tzaneen; scale 1: 50 000 (digital format)
*  Elevation Heat Map; Online Resource [topographic-map. com)
*  Planet GIS Explorer 5.2- SA-contours_5 m

Remote Sensing Information:
* Google Earth Pro ™

Information Provided by the Client

§ *  Detail and Contour Survey- by MM Geomatics (Pty) Ltd (September 2020)

Scope of the Investigation

The investigation focused on determining and assessing the geotechnical characteristics
encountered across the site, with regards to the generalised succession of soil and rock,

id
m

entification of potential problem soils, excavatability as we!rl as the re-use of the excavated
aterial during construction.

The investigation had the following aims:

To assess the geological and geotechnical character of the site with regards to the
proposed development,

To determine and describe, where possible, the succession of soil and rock materials
occurring beneath and across the development in question,

To assess the in-situ mechanical properties and the re-usability of the natural material
underlying the site in question.

' 440 evaluate the excavation characteristics across the site in question,

' “To recommend measures to be implemented during the design and development of the site

To subdivide the site into a number of development potential zones in accordance with
- _its’ geotechnical conditions

The development potential of the study area is assessed based on the following premises:

Single- and/or double-storey infrastructural units

It must be noted that this investigation was conducted to assist with the design and
construction phases of the development,

2
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Engineering Geological Investigation- Talana Community Residential Units
1.6 Investigative Methodology

The detailed engineering geological investigation was undertaken in a number of phases as to
allow for an accurate geotechnical assessment of the site and its’ surroundings. Below is a
summary of the various investigative phases:

1.6.1 Introduction and Regional Assessment of the Site

The collation and evaluation of all the aﬁéif§ble topographic, geomorphological and geological

data across the investigated site and its' stirrotindings. This assessment is done through the use

of available regional maps and remote seﬁ§iég images. This section of the report will include a

description and summary of the site's nature, based on existing literature, and is supplemented
~with the compilation of a series of hase maps.

1.6.2 Geotechnical Analysis- Engineering Geological Investigation

1. Trenching and Sampling

The fiefd work phase of the investigation was conducted by Mabu Geotechnical Consultancy in
November 2020. Test pits were distributed across the site in such a way as to model fluctuations
in the general geotechnical conditions.

A total of 14 test pits (TP1 to TP14) were excavated across the three erven through the use of a
TLB-type light mechanical excavator {(modek: Volvo BL61). The succession of soil layers exposed
within the test pits were logged and a series of detailed photographs were taken of the different
soil layers,

Disturbed, bulk and undisturbed samples were taken of the material deemed to he important to
the proposed development.

2. Laboratory Testing

Standard foundation indicator and soil compaction tests were conducted by Letaba Lah
Nelspruit (SANAS Accredited) on disturbed and bulk soil samples. These tests were
undertaken in order to determine the composition of the underlying soils (ie.: the relative
percentages of gravel, sand, silt and clay) and to evaluate the suitability of the materials for the
re-use in the proposed construction. .

The following tests were conducted:

i Atterberg limits (Liquid Limit, Plasticity Index and Linear Shrinkage) and Particle-
size Distribution.

ii. Maximum Dry Density versus Optimum Moisture Content,
iil.  Californian Bearing Ratio versus Compaction Effort (MOD AASHTO method),
iv. pHand EC analysis (chemical analysis),

v, Double hydrometer tests for dispersivity analysis.

Continued Overlzaf...

3
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1.6.3

Engineering Geological Investigation- Talana Community Residential Units

Specialist undisturbed sample testing was conducted by EngeolLab, to determine the
quantitative settiement and heave characteristics of the materials underlying the site. The
following tests were conducted:

.. Free Swell test coupled with Single Oedometer test.

Cumulative Data Analysis and Report Compilation

The investigation concluded with the compilation of a technical report detailing all methodology
utilised during the study and all results obtained. This includes a detailed potential evaluation of
the site in terms of the proposed development, based on the results of the geotechnical
investigation, with recommendations regarding proposed foundations to be implemented,
construction and excavatability. No designs will be provided.

4
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Engineering Geological Investigation- Talana Community Residential Units

2 Description of the Environment

2.1

Site Location and Description

The study area for this investigation is situated within the central portions of the Limpopo
Province of South Africa. On a more localised:scale, the study area falls with the town of Tzaneen
(Figure 1). 16

The site which forms the focal point of this investigation is located within Extension 105 of
Tzaneen, and encompasses three erven, namely Erf 5841, Erf 5842 and Erf 5849 (as per the
provided survey). Due to their proximity, the erven can be combined into a single site for the
purpose of this investigation. The final site is an irregular shaped parcel of land spanning a
combined surface area of approximately 4.3 Ha.

It should be noted that the northem portions of the site were seen to host existing infrastructure
in the form of numerous residential structures, a church, a tavern/bar lounge and ablution blocks
(Photo A and C overleaf). Furthermore, the development of this portion of the site involved
several phases of earthworks, most notable a cut-to-il platform constructed for the existing
church (Photo A overleaf).

Within localised portions of the site (principally southem to south eastern portions), the surface
Wwas seen to be overlain by various refuse and building rubble which had been dumped in an
uncontrolled manner (Photo D overleaf).

The remainder of the site was seen to be mostly undeveloped, with the sites’ surface hosting
dense vegetation hampering site accessibility (Photo B overleaf). Furthermore, the area was
seen o host a steep and highly irregular surface, further restricting access across the site.

The development across the surface will encompass the subdivision of the site into various land-
use zones i.e. infrastructural units, recreational areas, parking, services, etc, Each of these zones
may require their own set of unique geotechnical recommendations determined by the
consistency/properties of the in-situ material. ;

The site for this investigation is located at roughly the following coordinates:

" Lafitude:  23.830450° S Longitude:  30.176510° E

5
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Engineering Geological Investigation- Talana Community Residential Units

Image 1: Nature and Breakdown of the Site
(Google Earth Pro ™)

Photo C: Existing Infrastructure

Photo B: Dense Vegetation
e ‘.. 7 {

4
YR

Photo D: Uncontrofled Dumping
P W e : . ¥ :4","} A
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Engineering Geological Investigation- Talana Community Residential Units

2.2 Topography
2.2.1 Regional Topographic Nature of the Study Area

The regional setting is seen to display aﬁ_fft’ir{:ﬂulating surface morphology; typical to that of

regional granitic and gneissic terrains. Th'bsé lithologies originate from an ancient batholithic

intrusion which has subsequently beenf disturbed by various geological processes
(@tamorphism, faulting, shearing, etc); resulting in a discontinuous underlying rock mass. This

iriljgrent variability is exposed through erosional processes; with alternating water ways following

zo"ﬁes of weakness in the rock mass.

Rgfer to Image 2 below which graphically depicts the topography of the site and its’ surrounds.

o
rf 4 /:

Image 2: Topographic Model of the Study Area
Elevation Heat Map & SA-contours_5 m (Planet GIS Explorer 5.2)
| Al Y )

'.".."! A

N
N

As seen in the image above, a prominent valley landform is seen to traverse the north westem
to eastern portions of the study area, as depicted by the various blue colours and elongated
contours in the image. Furthermore, a secondary minor valley is seen to extend from the
southem portions of the study area, striking in a general northerly direction converging with the
prominent valley landform (blue colours and elongated contours). The various valley landforms
display an overall irregular nature as they meander through the study area.

In contrast, the south western to central western portions of the study area are seen to host an
elongated region of high-lying terrain, referred to as a spur landform. This feature is orientated
in a SW-NE direction and is depicted by the red to yellow colours in the image.

The combination of the various geomorphological landforms across the study area emphasize
the highly irregular and undulating regional surface morphology, as depicted by the erratic
contours and continuous changes/fluctuations in colour within the image.

7
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Engineering Geological Investigation- Talana Community Residential Units

2.2.2 Site Specific Topographic Nature

With reference to Image 2 in the previous saction, the site which forms the focal point of this
investigation is seen to fall immediately eastof the head of the spur, and north west of the minor
vailey landform. Consequently, the natural S}géaes span from the spur landform, in a general south
easteriy direction across the site towards the minor valley.

Refer fo Image 3 overleaf depicting the contour survey conducted across the site (provided by
the Li|ent)

With reference to the topographical survey and on-site observations, the site hosts a highly
v:a'riab!e surface morphology, attributed to the occurrence of numerous natural and
anthropogenic topographical anomalies.

The natural anomalies are in the form of numerous incised valleys resulting in the tape:_r'ed and
convergent contours within Image 3 (central axes depicted by the blue stippled lines). ©*

The anthropcgemc anomalies are seen to be more sporadic across the site, typlcaﬂy |n the
form of past earthworks (cut and fill practices) for the surrounding and internal infrastructure.
These anomalies are seen to be most prolific along the sites’ western boundary, as well as in
isolated locations within the northern portions of the site (depicted by the highly erratic contour
orientations and spacing in Image 3).

In general, the natural surface displays an overall steep sloping nature with average measured
slopes of between 6 and 12 degrees, spanning in a general south easterly direction. The surface
within the vicinity of the previously mentioned incised valleys are seen to transition info a very
steep sloping morphology, with average mezsured slopes in excess of 12 degrees.

The site was seen to be situated at an eEevgii%')%’ of between approximately 660 m (south eastem
portions) and 688 m (north western portions) above mean sea level (Google Earth Pro ™),

8.
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Engineering Geological Investigation- Talana Community Residential Units

Image 3: Topographic Model of the Site
Contour Survey Provided by the Client

..:ngge;’a Slopes:
/76° to 129

L
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Engineering Geological Investigation- Talana Comrmunity Residential Units

2.3 Drainage

The area falis within the Groot Lefaba RiverQuaternary Catchment Area (B81C) of the greater
Inkomati Usuthu Water Management Area,

The drainage nature of the site will mirror Its' topographic nature as described in Section 2.2 of
 1his report, with the majority of the site subject to high energy surface run-off. The steep sloping
‘morphology will elevate the rate of flow and associated risk of erosion. These effects are further
:féjﬁphasizedlexacerbated within the areas surrounding the various incised valleys (see
'-I_ﬁfwage 3) which will be subject to concentrated high energy surface water run-off,

%{iccording to the available information (Topocadastral Map 2330 CC - Figure 3), there.are no
natural drainage structures traversing the investigated site, The nearest mapped featurié zsm the
form of a non-perennial river situated within the previously mentioned minor valley, ﬂanklng the
sites’ south eastern boundary, RS

It should be noted that, according to the available information (aerial imagery and contour survey)
in conjunction with on-site observations, the previously mentioned incised valley structures
traversing the site are deemed to act as periodic drainage features, and will therefore be subject
concentrated surface water flow during and following precipitation events,

2.4 Climate

Tzaneen normally receives approximately 881 mm of rain per year, with rainfall mainly occurring
during the summer months of the year, It-raceives the lowest rainfall (5 mmy) in July and the
highest (182 mm) in January. The averageéniigi_éay temperatures for Tzaneen range from 21.9°C
in June to 29.1°C in January. The region i‘sf'_ ‘rhe coldest during July when the mercury drops to
6.3°C on average during the night.

Aceording to Kbppen and Geiger climate classification, the climate is classified as Warm
.~ Temiperate Climate and Temperate Inferior (SANS 204-2),

Giiﬁiate determines the mode and rate of weathering. The effect of climate on the weathering
progess (i.e. soil formation) is determined by the climatic N value defined by Weinert, 1980,
fihé Climatic N-Value (Weinert, 1980) for the area is deemed to be less than 2; therefore,

iy

chemical disintegration of the parent rocks in the regional setfing is deemed the principag?r:ﬁgﬁde
of weathering. This mode of weathering promotes the breakdown of the primary minerals within
the parent rock resuits in the formation of secondary minerals such as clays and sesquiogqfiies.
Consequently, the climatic region favours the development of fine-grained soils, rather than an
abundance of rocky fragments. Physicalimechanical weathering of the parent rock will take place

but on a lower scale,

10,
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2.5

Engineering Geological fnvestigq?ioq_f Talana Community Residential Units

Y -
Vegetation and Biotic Activity s
The study area is located within the Tzaneen Sour Bushveld Vegetation Unit (SVI 8) of the
Lowveld Bushveld Bio-Region, within the greater Savannah Biome (Mucina and Rutherford:
2006). The vegetation within this region is characterised by a grassy ground layer and a distinct
upper layer of woody plants.

At the time of the investigation, the central to southem portions of the site were seen to host
abundant vegetation in the form of a dense network of shrubs, bushes and trees (Photo E). In
cantrast, the natural vegetation within the northern portions of the site were seen to be denuded
as part of past and ongoing anthropogenic activities; with the existing vegetation Ilmltecfto short
grasses and sparse trees (Photo F).

'-i
Photo E: Typlcal Vegetation- Central to Southern Portions i

Photo F: Typical Vegetation- Northem Portions

11
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Engineering Gealogical !nves"ﬁgaﬁpn— Talana Community Residential Units

3 Regional Geological and é%%mgeoiogicai Setting

3.1

3.2

Regional Stratigraphic Setting

According to the available geological information {geological series map; 2330 Tzaneen); the site
. Is underlain by metamorphic bedrock belonging to the Goudplaats Gneisses, which forms part
- 0f the oldest lithological units of the Swazian Period (Figure 2),

; j’he ancient age of these lithologies gives evidence for occurrence of multiple metamorphic
- cyeles and the likelihood of highly disturbed bedrock; including the presence of extensigejgjpting,

hydrothermal veins, and a large degree of weathering. As such, the rock mass itself is_'bredicted
to display a fluctuating character; ranging from undisturbed competent rock to highly fractured
and weathered incompetent rock.

Gneiss is a metamorphic rock formed by regional metamorphism and contact metamorphism,
in which sedimentary or igneous rocks have been subjected to high temperatures and pressures,
This type of rock generally has a distinct banded foliation composed of light bands of felsic
minerals (quartz and feldspars), and dark bands of mafic minerals (hornblende and biotite). The
banded character of the Gneiss leads to a variable weathering profile, where less weathered,
moderately hard core-stones or bands may oceur within a soil-like material. Quartz-rich zones
will also undergo less weathering than its. mica-rich counterpart. This undulating weathering
profile will negatively affect the continuity of éxcavatability across the site.

The weathering of gneissic bedrock may lead fo the formation of sandy and gravelly residual soils
depending on the climatic nature of the area (physical andfor chemical weathering). Furthermore,
the mineralogy of gneissic rocks comprises of more resistant quartz along with less resistant
micas and feldspars. The less resistant minerals typically weather to a clay which bridges the
gapé between the more resistant minerals. These clay bridges give high strength to the residual
soils under dry conditions; however, very low strength under wet conditions, As such, these soils
fréquently undergo collapse setflement under an increase in moisture conditions,

?'hé study area does not reflect any risk for the formation of sinkholes or subsidence's caused by
the presence of water-soluble racks {dolomite or limestone), and as such is hot decmied
“dolomitic land”,

Prominent Geological Structures

According to the available information no prominent geological structures are mapped to traverse
the site.

The site is however situated in close proximity to a geological contact with the adjacent Granite.
Furthermore, during the fieldwork phase of the investigation, Diabase bedrock was encountered
within an isolated excavation within the northern portions of the site. The exact orientation and
extent of this feature could not be discerned during this investigation; however, the regional
intrusions are typically in the form of Diabasegyges with a characteristic NE-SW orientation.

Continued Overfeaf,..
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Moreover, Schist bedrock, and its' weathered counterpart, was encountered along the main
incised valley traversing the central portions of the site, potentially indicating the presence of a
localised shear zone.

Hydrogeological Setting

According to the available hydrogeological information (hydrogeological series map: 2330
Phalaborwa, 1998); the fractured sedimentary rock mass underlying the study area at depth
represents an Intergranular and Fractured Aquifer where groundwater rest levels occtirs within
both the fractures of the bedrock as well as between grains of the intact rock. Borehole yields are
typically between 0.5 and 2.0 I/s.

The groundwater quality is deemed to be between 70 and 300 mS/m (electrical conductivity
range). According to the available information, large scale groundwater abstraction does not
occur within close proximity to the site.

Seismic Risk

According to Kijko et al (2003) the regional seismic hazard in the project area can be defined as
LOW, exhibiting a 10% probability of a seismic event with a peak ground acceleration of
approximately 0.05 for natural events, and approximately 0.1 for mining related events, within a
period of 50 years. '
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4 Geotechnical Setting

4.1

4.2

S
Trenching
A fotal of 14 test pits, namely TP1 to TP14, were excavated in November 2020- by means of a
TLB-type light mechanical excavator (model: Volvo BL61)- to a target depth of approximately 2.5

meters below the existing ground level (EGL) or refusal. Thereafter, the exposed soil and rock

layers were profiled and sampled. 5 A
L
Generalised Engineering Geological Parameters

The following general engineering geological characteristics were noted:

= Site Excavatability

The vast majority of the excavations reached depths of at least 2 m below the existing
ground level (EGL), with only a single excavation undergoing shallow refusal on Diabase
bedrock at a depth of 1.25 m below EGL.

* Rock- and/or Pedocrete Outcrops

Localised bedrock outcrop was encountered within the road or footpath along the edge of
the main incised valley traversing the site. The bedrock was seen to be jointed and highly
weathered, soft to very soft rock Schist. The full extent (vertical and lateral) of this bedrock
is not known, however is predicted to fluctuate extensively.

*  Sidewall Stability

Sidewalls of excavated trenches generally remained stable for a period of at least 1 hour
with little or no over break or collapse occurring,

= Groundwater Seepage

 Groundwater seepage was not encountered in any of the test pits excavated across the site.

However, periodic surface water flow is deemed to occur within the previously mentioned
incised valley landform traversing the central portions of the site, particularly during and
following precipitation events.
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4.3 'Generalized Soil Profile

" Note: this description is based on field observations and does not reflect the results of any laboratory tests.

The various excavations conducted across the site exposed a range of materials, and material
‘sliccessions.

Ih general, the natural material succession was seen fo comprise of an uppermost sequence
of transported soils deemed to be of a colluvial origin. Within a number of the excavations, the
base of the colluvium was seen to host a gravel-rich horizon, deemed to be a pebble marker.
Thereafter the sequence of transported soils was underlain by material deemed to be !fesi'dual
Gneiss, grading into completely weathered Gneiss at depth.

The main diversion from the generalised material sequence presented above was in the form of
changes in the geology. This was most evident within the central portions of the site, whereby
the protolith had metamorphosed into Schist, displaying a distinct WSW orientated foliation
(schistocity). Based on this orientation, in conjunction with the various exposures, the Schist
zones appears to follow the footprint of the main incised valley traversing this portion of the site
(see Section 2.2.2). Additional to the Schist zone, Diabase, along with its’ weathered counterpart,
was encountered within a single location in the northern portions of the site (T P3).

Within a single excavation at the head of an incised valley in the southern portions of the site
(TP12), the colluvium was absent, with the transported soils seen to be of an alluvial origin.

- The final diversion from the generalised succession presented above was in the form of various
anthiropogenic material horizons. These materials were seen to display an overall variable
nature, occurrence and extent across the site, and were typically seen to blanket the previously
mentioned natural material successions.

Detailed soil profiles are included as Appendix A. The material across the site can be generally
summarised as follows:

* Anthropogenic Material

Within localised portions of the site (predominantly norther portions) the various natural soils
were seen to be blanketed by an anthropogenic material deemed to be backfill. This material was
seen to be dumped on the surface, predominantly in order to modify the surface morphology (i.e.
earthworks for levelling the site).

The backfill material was seen to be comprised of a range of soils, generally originating from the
in-situ natural soils. As such, the material properties (intrinsic and extrinsic) were seen to fluctuate
extensively across the various exposures, with no continuity between excavations. Furthermore,
this material was seen to host traces amounts of refuse, further emphasising the materials
variability.

Where encountered (TP2, TP3 and TP14) the:backfill was exposed from the surface, spanning
to depths of between 0.4 and 0.65 m below the existing ground level (EGL); however, the extent
of this material is predicted to vary extensively, particularly within the fill embankment for the
church within the northern portions of the site.
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Val

e Colluvium

‘Across the majority of the site, transported material deemed to be of 3 colluvial origin was

“encountered either from the surface, or below the previously mentioned anthropogenic materials.
‘Colluvium is a general name for unconsolidated sediments that have been deposited along or at
the base of slopes by either rainwash, sheetwash, slow continuous downslope Creep, or a
variable combination of these processes. Colluvium is typically composed of a heterogeneous
range of sediments ranging from silt to rock fragments of various sizes.

The colluvium was generally described as a: slightly MOIST to MOIST:; dark greyish BROWN to
dark brownish GREY; very LOOSE to LOOSE: SHATTERED; PINHOLED and Biologically
OPEN; clayey silty SAND with the localised occurrence of abundant sub-angular gravel.
Furthermore, this material was seen to display an organic-rich nature, hosting abundant roots,

Where present, the colluvium was encountered from either the surface or below the backfill
material, spanning to depths of between 0.20 and 1.1 m below EGL, with an average thickness
of approximately 0.40 m.

* Pebble Marker

n

Across sporadic excavations across the site, the previously mentioned colluvium was seen to be
further underlain by a second transported material deemed to be a pebble marker. A pebble
marker is defined as a conglomerate of loose rock and soil material and generally defines the
i?oglj.r_\dary between transported and residual soil horizons within the investigated site.

The pebble marker was generally described as a: slightly MOIST to MOIST; brownish ORANGE
to dark brownish RED and brownish GREY to greyish BROWN (variable colouring); overall
medium DENSE with a loosely packed nature; PINHOLED; poorly sorted matrix-supported
clayey/silty sandy sub-angular to sub-rounded- with traces of roofs.

Where present, the pebble marker was exposed from below the colluvium, spanning to depths of
between 0.40 and 1.7 m below EGL, with an average thickness of approximately 0.35 m.

o Alluvium

Within a single location within the southern portions of the site, transported material deemed to
be of an alluvial origin was encountered from the surface. Alluvium is a general name for loose
unconsolidated sediments which have been deposited by river and stream systems during
different depositional times.

Within this location, the alluvium was present in two main horizons, namely an uppermost sandy
horizon, and a lowermost reworked clayey horizon.

The sandy alluvium was described as a; MOIST: light brownish GREY; LOOSE: PINHOLED;
sitty SAND- with minor roots. This material.was encountered from the surface, spanning to a
depth of approximately 0.50 m below EGL.

The clayey reworked alluvium was described as a: MOIST; light GREY blotched orange; FIRM;
_ PWHOLED sandy CLAY- with traces of roots. This material was encountered from below the

‘ sandy alluvium, spanning to a depth of approximately 1.55 m below EGL.
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o Residual Gneiss

(-]

o
Across the majority of the site, material deemed to be residual Gneiss was encountered from

below the previously mentioned transported material horizons. This material has formed from the
in-situ physical and chemical decomposition of the original bedrock/parent material.

The residual Gneiss was encountered at varying degrees of decomposition, resuitlng in
fluctuating material properties across the site. Isolated pockets/bands of less and more
weathered material (i.e. clay and grave! bands) were encountered within the residual soils, further
accentuating their variability.

Continued Overleaf...

In general, the residual Gneiss was described as a: sfightly MOIST, light orangey YELLOW fo
reddish ORANGE and light GREY, moftled and blofched red, orange, grey and yeflow (variable
cofouring); LOOSE, medium DENSE and DENSE; intact or PINHOLED; silty SAND with fraces
to abundant sub-angular gravel.

The residual Gneiss was encountered frorﬁ below the previously mentioned transported soils,
spanning to depths of between 1.85 and the _ﬁ,nal excavation depth of 3.00 m below EGL, with
an average exposed thickness of 1.75m. '

Completely Weathered Gneiss

Within isolated locations, the excavations spanned beyond the extent of the residual Gneiss,
exposing the underlying completely weathered Gneiss. As for the residuum, this material has
formed from the in-situ physical and chemical decomposition of the original bedrock/parent
material; however, is present at a lower degree of decomposition resulting in a more granular
material and a higher consistency.

In general, the completely weathered Gneiss was described as a: DRY; fight GREY speckled
black, stained red; DENSE fo very DENSE with an increase in depth; RELICT Jomtmg, clast-
supported silly sandy angular GRAVEL.

Where exposed, the completely weathered Gneiss was encountered from below the previously
mentioned residual Gneiss, spanning to the final excavation depth of between 210 and 2.55 m
below EGL with an average exposed thickness of 0.55 m.

Residual and Completely Weathered Schist

Within isolated excavafions within the central portions of the site, material deemed to be residuai
Schist was encountered from below the previously mentioned ftransporfed material horizons.
Furthermore, in localised excavations, the residuum was seen fo grade info completely
weathered Schist at depth.

The residual Schist was generally describé_ci as a: slightly MOIST; light GREY fo orangey
YELLOW, motiled and blotched red; mediurm DENSE; silly SAND with traces fo minor sub-
angular gravel.

Confinued Overlesf...
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V6

i"u"i’l’here encountered, the completely weathered Schist was described as a: slightly MOIST; light
EREY streaked orange; DENSE to very DENSE with an increase in depth; intact; silty SAND with
minor sub-angular gravel.

Where encountered (TP6 and TP13) the sequence of residual and completely weathered Schist
were observed from below the previously mentioned transported soils, spanning to the final
excavation depth of between 2.00 and 2.50 m below EGL, with an average exposed thickness
of 1.55 m.

Residual Diabase

Within a single excavation (TP3) within previously mentioned transported soils were seen to be
further underlain by material deemed to be residual Diabase.

The residual Diabase was generally described as a: MOIST: orangey YELLOW mottled black,
blotched red; SOFT; intact; silty CLAY with abundant sub-angular gravel and cobbles; with traces
of ferricrete nodules.

Where encountered, the residual Diabase was exposed from below the previously mentioned
transported soils, spanning to the final excavation depth of 1.25 m below EGL with a thickness
of 0.15 m,

Refusal to the TLB-type light mechanical excavator occurred within sporadic locations across
the site; namely:

» TP3: upon Diabase bedrock
* TP5, TP9, TP13 and TP14: within completely weathered Gneiss/Schist

18
Mabu Geotechnica! Consultancy
Document Number: M-20-161



4.4

4.4.1

4.4.2

Engineering Geological Investigation- Talana Community Residential Units

‘Engineering and Material Characteristics

Sampling

The sampling which took place during this investigation was based on hoth {ﬁ'e:fiﬁ-situ
geotechnical properties of the exposed soil horizons as well as the nature of the deveiopment,

The following samples were extracted from the soil horizons exposed in the various excavations:

Disturbed Samples X 1 x Reworked Alluvium
5 X Residual Gneiss
1 x Residual Schist

1 % Residual Diabase

Undisturbed Samples : 1 x Reworked Aliuvium

2 X Residual Gneiss

Please note, due to their limited oceurrence andfor organic-rich nature andjor variable nature,
the hackfill, coliuvium and pebble marker were excluded from the laboratory testing. The majority
of the testing focussed on assessing the fluctuations within the residual Gneiss due to its
extensive occurrence,

Disturbed and Bulk Samples- Laboratory Test Results

The section to follow summarises the laboratory test results of the bulk samples exiracted
across the site. Detailed soil test results for the bulk samples are included in Appendix B, Fxact
sample depths are displayed in the soil profiles and summaries for the site,

Table-1 overleaf summarises the results of the material horizons sampled across the site:
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7
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Table and malerials assessment refersnces:
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‘Plpauﬁmmmmwu.nm}.mmmmmwmm'mmm i Institute of Technology: Melb )

*B1 disparshvlty classification- Elges, H.F.W.K (1685). Problem Solls in South Africa- State of the Art. The Civil Englneer in South Africa, 27, 347-353.
*U4] pH classification- USDA Natural Resources Conservafion Services (1998), Soil Quality Indicators: pH. Soil Quality Information Sheet.

‘WMMMQMMU&CSMMVFAGMHOW ‘Design manual for soil mechanics, found and earth Naval Faciities Engineering C: d. Washingfon DC.
'[’]M“ﬁbmﬁlmﬂrﬂmmlfffsﬁﬂﬂﬂﬂ.EEEMWMEMMMWIMMWWOIMM
""Mmmhwhmwmmﬂ,mmLﬂmj]?nunmd.hl, tation of the Dynamic Cone P (DCF) Test. CSIR Buitt Environment, Preforia, Ssplember 2009,
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4.5 Material Usage

In the light of the soil test which were completed on the residual material sampled across the site,
the material classified as follows: Ve

The sample extracted from the reworked alluvium displayed an overall fine grained nature.
Furthermore, this material reagted poorly to compaction, with low CEBR values across the full
range of compactive efforts. Consequently, this material classed as a worse than G9-type
material according to the COLTO classification system, As such, this material is deemed
unsuitable for re-use in engineered layers,

With reference to the residual Gneiss exposed across the site, the various samples yielded a
range of different material characteristics, with these variafions correlating with fluctuation in the
degree of decomposition of the material, More decomposed specimens displayed a finer grading,
coupled with & higher plasticity, resulting in poor compaction characteristics, The less
decomposed specimens displayed an overail granular nature, coupled with a low plasticity and
higher compactive strengths, Consequently, the various materials yielded classifications ranging
beiween worse than G9- and G7-type material (COLTO). Therefore, should the Client opt fo
ufilise the residual Gneiss in enginesred layers for the development, it is recommended that the
quality be confirmed during follow-up investigations, or during the construction phase,

With reference to the residual Schist, this material displayed similar properties to that of the more
granular residuum, however, is predicted fo fiuctuated in a similar manner as per the available
€xposures. As such, this materials re-use potential is deemed to be similarly variable.

The residual Diabase was observed to display a clayey nature, which coupled with the moderate
plasticity, will likely result in poor compaction charactsristics and an overall poor re-use potential.
Additional testing may be required fo fully assess the properties of this material across the
remaining portions of the site.

Soil testing is done under controlled conditions within a laboratory making use of measured/
standardised compaction methodology and sample preparation. Simitar methodologies should
be implemented on-site in order to achieve the same results as required for the construction.
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4.6 In-Situ Mechanical Assessment

B

4.6.1 Introduction and Sampling

A total of three (3) undisturbed sample blocks were extracted from the various in-situ soils
encountered across the site, in order to assess the in-situ mechanical properties of the
materials. The samples details are as follows:

Table 2: Undisturbed Samples- Locations and Tests

Sample Material Depth (m)

« It should be noted that the extraction of block samples changes the natural state (unloading of
¢ In-situ stresses); and as such, these tests are only an indication of the in-situ material propertigs.

4.6.2 Heave Characteristics of the In-Situ Soils

Soil heave is the process of the change in volume correlating to a change in moisture content.
This phenomenon is prominent in soils containing a high content of active clays. The material
encountered across the site displayed a granular nature with a low to moderately plastic
nature (see Table 1). Furthermore, no evidence for expansive soils were encountered across
the site and for that reason it is interpreted that soil heave will be negligible.

An initial assessment for the heave potential of the in-situ soils can be made through the use of
the Van der Merwe Method. This method compares the clay content of the material (<0,002 mm
fraction) with the Pl of the material (weighted PI- corrected to be representative of the whole
sample mass). Through this method, the materials can be classed into a number of categories of
activity (i.e. potential expansiveness).

The results of the van der Merwe analysis C(‘Jrn:ducted on the sampled materials are presented in
Graphic 1 and Table 3 overleaf:

s, seen in Graphic 1 overleaf, the various samples fall within the ‘Low” range of potential
expansiveness, correlating with an inferred swell potential of <2 %, Furthermore, according to
the results of the Free Swell Oedometer tests, the various samples of residual Gneiss did not
undergo any discemible heave upon saturation (Free-Swell stage of the test). Moreover, no
evidence for an expansive character was observed on-site with the soils lacking any distinct
structure typically characteristic of expansive soils (i.e. slickensided, shattered, fissured).

As such, the various on-site soils are not deemed to be susceptible to deleterious levels of
heave,
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Table 3: Summarised Material Properties- Van der Merwe Method

Plasticity Index (PJ)

,ontent
Sample Number
002 mm)

Alluvium
Residual Granite

Residual Diabase

* Residual Schist
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4.6.3 Settlement Characteristics of the In-Situ Soils
The calculations to follow are based on the following assumptions:
» The force applied to the material is horizontally uniform. (i.e. no point loads applied)
e Pre-consolidation pressure calculated from a depth to the centre of the samples.
e Foundation width of 0.8 meters.
e Assume aload of 50, 75 and 100 kPa respectively.
A factor of safety of 1.5 applied to all settlement ranges.

Consolidation Seftlement Characteristics of the In-Situ Soils

There are three components to settlement n"émely immediate settiement (also referred to as

‘ elﬁtic settiement), primary consolidation settlement and secondary consolidation (also referred
tor @s creep). Immediate settlement takes place as a load is exerted on the soil mainly due to
dlstortton of the soil. As pore water begins to flow out of the soil a time dependant decrease in
volume occurs which is termed consolidation settiement. This settlement will continue until a
conditlon of constant effective stress is reached. This primary consolidation settlement takes
place generally in fine grained materials (high percentage of clay or silt). Secondary consolidation
settlement is not considered a concemn as this type of settlement usually occurs in soft organic
clays where plastic flow within the soil mass results in displacement of the soil particles.

The table below summarizes the settlement character of the soil horizons across the site.

Table 4: Summarised settlement character of the on-site soils

Calculated Settlement Ranges at the Associated Foundation Loads*
Material Horizon

50 kPa ' 75 kPa f 100 kPa

Residual Gneiss (UN1)
Residual Gneiss (UN2)

Reworked Alluvium (UN3)

* Please note, a 1.5 Factor of Safety has been applied to all of the settlement ranges presented above, so as to account

for sample hias and any disturbances induced during sampling and testing.
ﬂ

‘fs Aérﬁéen in the table above and as presented in the graphics to follow, the residual Gneiss

'dlsplayed variable compressibility between specimens, with very high calculated settlements (30
— 54 mm) for UN1, and moderate settlements (8 — 12 mm) for UN2 at a bearing load of 50 kPa,
As such, the residual Gneiss is deemed to display a moderately to highly compressible nature
at typical foundation loads for single storey infrastructure (50 kPa), with the potential for high
degrees of differential settlement.
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Graphic 2: Summary of Oedometer test results on the residual Gneiss (UN1)
Single Oedometer "Consolidation" Test
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* the settlement range presented above assumes a depth of influence factor of 1.5 times the presented foundation width (below
the foundation level)
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Graphic 3: Summary of Oedometer test results on the residual Gneiss (UN2)
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Graphic 4: Summary of Oedometer test results on the reworked Alluvium (UN3)
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Collapse Settlement Characteristics of the In-Situ Soils

Collapse seftlement is defined as the sudden loss of volume of a material once saturated, as
compared to the more gradual settiement related to standard consolidation. As such, these soils
typical undergo low settlement in the dry state (apparent strength), with a sharp increase in
settlement upon saturation.

The susceptibility of a soil to collapse ﬁag;ément can also be inferred from a combination
between the soils in-situ dry density, and its liquid limit. This correlation is presented in the graph
below, whereby soils with low in-situ dry densities and low liquid limits, are deemed to be more
.sﬁ;‘sceptible to collapse settlement (Waltham, 2009). The table below depicts an indication of
’é’f&ceptibiﬁty of the soils to collapse settlement.

' Graphic 5: Indication of Potential Susceptibility to Collapse Settlement
Liquid Limit
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* Susceptibility for collapse in accordance Waltham, 2009

As seen in the table above, the reworked alluvium does not fall within the collapsible region of
the graph above. Furthermore, this material displayed a fine-grained clayey nature, typically
negating any abrupt collapse settlement. As such, this material is not deemed to be collapsible.

In contrast, the various residual Gneiss samples fall within the potentially collapsible realm of the

graph above. Furthermore, sample UN1 underwent a degree of collapse settlement when

inundated with water during the initial stage of the Free-Swell Oedometer test. Lastly, this

material hosted a pinholed fabric. As such, this material is deemed to be potentially collapsible.
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5 Geotechnical Site Classification and Recommendations

5.1

The results of this study reveal that the site exhibits unique geotechnical characteristics that may
require the implementation of specific design and precautionary measures to reduce the risk of
structural damage due to adverse geotechnical conditions,

The presented geotechnical models aréfffbfhed in accordance with a database of available
information and on-site exposures. Parcels of land within the developmental area which are free
of excavations, are modelled using on-site observations, surrounding exposures, and remote
sansing informafion.

ij{éotechnEcal Constraints

The geotechnical constraints for the site include’

L3

The occurrence of compressible and potentially collapsible material across the entire
site, with a calculated total settlement in excess of 10 mm at a pressure of 50 kPa with a
high degree of differential setdement.

The occurrence of a drainage channel within the incised valley, deemed fo be subject to
periodic concentrated surface water flow.

The northern to north western portions of the site were seen to be extensively developed
with the occurrence of numerous infrastructural units in conjunction with localised cut to
fill embankments. These anthropogenic alterations are deemed to significantly modify the
natural geotechnical conditions, particularly within the uppermost material sequence,

The occurrence of a variable sloping surface morphology, comprised of:

= Across the central portions (incised valley), the occurrence of convergent very
steep siopes of in excess of 17 degrees.

= Across the remainder of the sitg, ﬂ}‘e occurrence of overall steep slopes of between
6 and 12 degrees, s

Across the entire site, the risk of surfa“céé’ erosion due to steep slopes potentially inducing

.. Nigh energy surface water run-off. This risk is deemed to be further elevated within the

- incised valley across the central portions of the site.

-]

2

~ The central to southem portions of the site were seen to be extensively vegetated.

Across the majority of the site, the occurrence of fluctuating moisture conditions within
the uppermost 1.5 m of the material sequence.

Localised poor excavatahility is pradicted due fo the sporadic occurrence of bedrock
outcrop across the sites’ central o wastern portions. Furthermore, shaliow bedrock was
exposed at the location of the Diabase dyke infrusion within the sites’ northerm portions,

The occurrence of material which is deemed to he slighly acidic to moderately alkatine,

The occurrence of material which is deemed to be potentially corrosive.

However, these characteristics do not disqualify the site from being used for the pronosed
development, but rather require the implementation of site-specific precautionary measures,
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5.2 Site Classification

In the light of the results of this study, the site is subdivided into 3 general geotechnical
entities/development potential zones. Pigase note the following regarding these site class
designations:

o The mechanical properties of the si‘t'psj'f" subsoils are inferred based on the exposed soil
profiles (soil consistency, composition and structure) and associated laboratory testing.

" ivg. Site class designations are based on the existing ground level, prior to any earthworks.

: :' -? " The site class applies to single storey masonry structures; however, this analysis can be

 §

" applied to structures which display similar foundation loads.

e

-;E{éase refer to the table below detailing the sites’ zonation:

i H Table 5: Development Potential Zonation

Develepment NHBRC Site
Potential Zone

_ Partridge, Wood and Brink (1993) Classification
Classification

iah soil compre!
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5.3 Soil Excavatability

5_4 .

The interpreted excavatability across the site-can be summarised as follows:

Zone A and Zone B

Overall, no problems are foreseen during the excavation of both shallow foundation trenches
and deep service trenches to a depth of approximately 2.1 m below the existing ground level

(EGL) by means of a TLB-type light mechanical excavator.

The excavation type fo a depth of approximately 2.1 m below EGL is deemed to be Soft

‘Excavation (SANS 1200D).
;i’s_gine c

No significant problems are foreseen during the excavation of both ghallow foundation
frenches and deep service {renches to a depth of approximately 2.0 m below the &)ustlng
ground level (EGL); by means of a TLB-type fight mechanical excavator.

The excavation type to a depth of approximately 2.0 m below EGL is deemed to be Soft
Excavation (SANS 1200D),

it should be noted that due variable weathered profile, localisedfintermittent boulders and
bedrock may be encountered at relatively shallow depths, hampering deep excavations. As
such, it is recommended that the bill of quantities make allowance for between 10 and 40 % Hard
Rock Excavation Conditions (SANS 1200D).

The following comments on excavation of s,ér?ice trenches/ deep excavations apply:
= Trenches may have fo be dewatered . especially after heavy precipitation events.
= The side walls of deep excavations should preferably be shored or adequately sloped fo
prevent injury or death due to side wall failure.
Ei'igcavation and Slope Stability

All of the excavations remained stable for a period of at least 1 hour with little or no over break
or collapse occurring. The long-term stabilify of these materials is not known; however, the
various soils across the site are predicted to lose strength upon saturation, restricting iarge cuts
and excavations. '

Moreover, due to the steep slopes across the site, specialised methods for the stabiiiséffieéi? of
cuts info the slopes are deemed necessary. (See Section 7.3)
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5.5 Groundwater Occurrence
Zone A and Zone B

Groundwater seepage was not encountérecf in any of the test pits excavated across the site,
However, evidence for fluctuating moisture conditions was encountered within the upper 1.5 m
of the exposed soil succession.

Zone C

G_roundwater Seepage was not encountered in any of the test pits excavated across the site.
However, due to presence of the drainage feature, the shallow soils are deemed to be susceptible
to periodic saturation during and following precipitation events.
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6 Foundation Recommendations

6.1

Generalised

The complete removal of all existing‘ infrastructure and uncontrolled fill material across
the site (predominantly Zone B).

“ The uppermost soils covering the site were seen to display an organic rich and loose

nature spanning to depths of between 0.2 and 0.6 m below the existing ground level.
Furthermore, areas surrounding large trees may host deep and extensive root systems. All
organic material within the footprint of the proposed structures should be removed in its
entirety, so as to limit any additional settlement.

A drainage feature was observed to traverse the central portions of the site (Zo_';jfefé). As
such, it is recommended that full extent of this feature (1:100 year flood line) be determined
and appropriate measures be implemented (see Section 7.6).

Due to the steep to very steep sloping surface morphology, the site may be subject to high
energy run-off, inducing erosion and undercutting of structures, particularly across Zone C,

As such, appropriate stormwater and surface drainage measures should be implemented to
intercept and control surface water run-off across the site. Furthermore, these drainage
measures should be adequately designed to prevent erosion at the discharge point (see
Section 7.2).

Emphasis should be placed on mitigating the damming of water against structures placed
perpendicular to slopes.

Cuts should be adequately shored and stabilised to prevent any slumping or sidewall

collapse. Furthermore, appropriate drainage measures should be implemented info cuts to

inhibit the saturation of the adjacent soils, as well as prevent erosion and undercutting of the
-supporting soils and/or infrastructure.

. The exact extent of the Diabase Dyke is not known and should be determined during the
‘follow-up assessment (Phase 2 Investigation) in order to assess any associated
© geotechnical concemns (e.g. poor excavatability).

It is highly recommended that boulders encountered within the footprint of the proposed
structures be removed in its entirety so as to limit the amount of differential seftlement
beneath foundations.

Itis recommended that on-site soils directly beneath the foundations be treated through the
use of compaction methods as to limit the amount of both total and differential settlement.

Foundation trenches and excavations should be overseen by a competent engineering
geologist or geotechnical engineer in order to identify and assess any variance in the
geotechnical character exposed in these trenches.
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6.2 Summarised Foundation Recommendations

Below are typical recommendations for SEngle storey infrastructural units, considering the

geotechnical characteristics of the investigated site (SANS 10400-H, 2012 or Table 4- SAICE,

1995). It is recommended that EITHER of the following foundation designs be utilised and
; adapted accordingly for the proposed development:

Zone A and Zone B (NHBRC Site Class: C2):

1. Stiffened strip footings, stiffened or cellular raft:

e Stiffened strip footings or stiffened or cellular raft with articulated joints or solid lightly
reinforced masonry. .
e Site drainage and plumbing/service precautions. !, ,
e Bearing and Fabric pressure not to exceed 50 kPa.
2. Compaction of in-situ soils below individual footings:

* Remove in-situ material below foundations to a depth and width of 1.5 times the
foundation width or to a competent horizon and replace with suitable material
compacted to 93% MOD AASHTO density at -1% to +2% of optimum moisture content.

* Normal construction with lightly reinforced strip footings and light reinforcement in
masonry.

3. Deep strip foundations:

e Founding on a very dense residuum or bedrock below the collapsible and compressible
residual Granite.

* Normal construction with drainage requirements

4. *Piled or pier foundations:
* Reinforced concrete ground beams or solid slabs on piled or pier foundations.
*  Ground slabs with fabric reinforcement and good site drainage.

5. Soil Raft:

* Remove in-situ material to 1.0 m beyond the perimeter of the structure to a depth of 1.5
times the widest foundation or to a competent horizon and replace with inert backfill,
compacted to 93% MOD AASHTO density at -1% to +2% of optimum moisture content,

* Normal construction with lightly reinforced strip footings and light reinforcement in
masonry.

It must be noted that differential settlement is assumed to equal 75 % of the total settlement.
The relaxation of some of these requirements, e.g. the reduction or omission of steel or
articulation joints, may result in a Category 2 level of expected damage.
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Zone C- (NHBRC: P Drainage | C2)

The development potential of this portion of the site is dependant on the outcomes of the 1:100
year flood line assessment, as well as any associated environmental limitations. Areas within this
zone deemed suitable for development will fall into the C2 NHBRC designation, and therefore
can adopt the same development recommendations as for Zone A and Zone B, however with
additional drainage measures (as previously discussed).
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7 Good Construction Practices

71

7.2

Excavations and Earthworks

Itis recommended that all earthworks be carried out in accordance with standards put forward in
SANS 10400-G (current version),

With regard to the various excavation classes discussed in this report, according to SANS
1200 D, the classifications can be summarised as follows:

Restricted Excavation
 Hard Rock: Material that cannot be removed without blasting or wedging and splitting

* Intermediate: Material which can be removed by a back-acting excavator having a fly wheel
power >0.10 kW for each mm of tined-bucket width, or with the use of pneumatic tools before
removal by a machine capable of removing soft material.

* Soft: Material which can be efficiently removed by a back-acting excavator of a fly wheel
power >0.10 kW for each mm of tined bucket width

Non-restricted Excavation

* Hard Rock: Material that cannot be effectively ripped by a bulldozer having an approximate
mass of 35 tonne and a fly wheel power of 220 kW

* Intermediate: Material which can be effectively ripped by a bulldozer having an approximate
mass of 35 tonne and a fly wheel power of 220 kW

*  Soft: Material which can be effectively removed or loaded, without prior ripping, by any of the
following plant:
0 A bulldozer or track type front end loader having an approximate mass of 22 tonne and
a fly wheel power of 145 kW,
-0 A bulldozer or track type front end loader having an approximate mass of 22 tonne and
a fly wheel power of 145 kW.

o Atractor-scraper unit having an approximate mass of 28 tonne and a‘ﬂy wheel power of
245 kW, pushed during loading by a bulldozer equivalent to that described above,

Drainage

An important factor in the promotion of a stable site is the control and removal of both surface
and ground water from the site. It is important that the design of the storm water management
system allow for the drainage of accumulated surface water. Disposal of storm water should in
any case conform to the Department of Water Affairs and Forestry and local authority
requirements. This includes the obtaining of water use licenses when necessary.

Continued overleaf...
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7.2.1 Surface Drainage

It is recommended that an efficient surface drainage system be installed around all structures
and along all roads throughout the site in order to:

= prevent the ponding of water next to structures directly after heavy precipitation events,
this may lead to differential settlement as the saturated material undergoes densification.

" preventlarge-scale changes in soil moisture beneath the structures on a seasonal basis.

" prevent the seasonal formation of perched water tables (i.e.: short-term groundwater
seepage) within the soil material at shallow depth.

" prevent the possible lateral movement of liquids within the upper soil horizons.
'Thg precautionary measures should ideally include:
| _? | = the sealing of open ground surfaces by means of either of the following:
a. the cultivation of a natural soil cover (e.g.: grass)
b. compaction of the soil surface
c. bitumen or concrete paving

= the removal of surface water to a distance of at least 1 m beyond structures by means
of watertight paving. Furthermore, all down-pipes should discharge well away from
individual structures and all water bearing services must be fitted with flexible joints at
points of ingress and egress to the structures.

= the removal of surface run-off by means of an efficient surface drainage system.

® roads should preferably be constructed parallel o the natural surface elevation contours
rather than perpendicular to it, in order to reduce run-off velocities

7.2.2 Sub Surface Drainage

Areas requiring subsoil drainage will have to e assessed on site during the follow-up Phase 2
investigation and construction phase of the development. Should groundwater be encountered,
these zones will need to be controlled with effective subsoil drains in order to prevent the
damming up of groundwater against foundations.

The configuration of the sub-surface drains should allow for the interception of groundwater
 interflow (lateral flow), particularly within areas upslope of the structures. Furthermore, the drains

should be designed with adequate capacity and installed at suitable depths in order to allow for

sufficient drawdown within the soils surrounding and immediately below the foundations.
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Earthworks

version). The imported material should be placed in layers not exceeding 200 mm in thickness
and compacted to a minimum of 90% Modified AASHTO maximum dry density.

Cut and fil slopes should be top soiled and planted with grass. This will limit erosion of these
slopes and the problems associated with wash-aways of fill embankments.
Slope Stability Measures

Several slope stabilizing measures can pe implemented for construction (the nature and design
of which to be assessed and determined by responsible engineer).

These methods may include but are not limited to the following:

" Modifying the slope geometry by reducing the slope angle, removing weight from the
slope head, increasing weight at the slope toe and/or constructing of benches or berms.

“  Constructing walls or other retaining elements (reinforced earth walls, gabion walls).

= Surface protection measures including wire meshes, geotextiles and using plant cover
to help reinforce the ground surface of slopes, which were excavated in soils,

Note that water present within the slope, along with destabilising pore pressures, are offen the
main cause of slope instability, Therefore, adequate drainage measures heed fo be implemented,
Corrosion Resistance

Considering the potentially corrosive material across the site several methods for Corrosion
protection can be implemented.

These methods may include but are not limited to the following:

= Sealers and membrane-type coatings {resins, epoxies, emulsions) applied to the
concrete surface,

= Concrete reinforcement coatings including nickel, stainless steel and zine,
#  Overlays including Portland cement, latex-modified concrete and polymer concrete.
“#  Addition of corrosion inhibitors and admixtures to the concrete,

5 Adequate sife drainage measures to avoid soil saturation,
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7.6 Development within 1 : 100 year-flood lines

It must be noted that the National Water Act (Act 36 of 1998) states the following regarding
development within the 1 : 100 year-flood line of any stream or river (Thompson, 2006):

Section 21(c):

Impeding or diverting the flow of water in watercourses (including alteration of the hydraulic
characteristics of flood events) requires licensing according to the Act

Section 21(j):

.Any action that may alter the bed, banks, courses or characteristics of watercourses (including
_ﬂqu events) requires licensing according to the Act, including:

I. widening or straightening of the bed or banks of 3 river to allow for the construction of
a bridge, sports ground or housing development

; ii. altering the course of a river partially or completely (i.e.: river diversion) to be able to
i use or develop the area where the watercourse originally was.

The National Water Act does not prohibit development within 1 : 100 year-flood lines; however,
the Act requires detailed analysis of the effects of the proposed development on the surrounding
environment, with special reference to surface and sub-surface water flow. The Act requires that
suitable precautionary measures be implemented to limit the effect within and downstream from
the proposed development.

8 Report Provisions

The presented geotechnical model is based on point data, for this reason, inconsistencies identified
during the construction phase of the project shou[d be assessed on site by a qualified individual,
Furthermore, the collected data was extrapolated across the site and for this reason, site conditions
may vary (for better or worse) from that present in this report. Foundation trenches and excavations
should therefore be overseen by a competent engineering geologist or geotechnical engineer, in
order to identify and assess any variance in the geotechnical character exposed in these trenches.

Test pits were not backfilled in a controlled manner, as such, should these excavations fall within the
design footprint of the proposed structures, these areas should be over excavated and backfilled in
controlled layers,
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