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ENGINEERING GEOLOGICAL
INVESTIGATION
OF PORTION 12, SWARTKOPPIES 364 JR.

1. INTRODUCTION.

In terms of the Transvaal Town-planning and Townships Ordinance, 1985, this report
describes the results of an engineering geological investigation of Portion 12 of the farm
Swartkoppies, 364 JR. The report combines information from previous geohydrological
work and recent mapping and soil descriptions, as well as surficial observations deemed
important.

2. SITE.

Portion 12 of the farm Swartkoppies is roughly triangunlar in shape, measuring
approximately 1,8, 1,2 and 1,0 kilometers along its sonthern, northwestern and northern
houndaries respectivily, extending over some 75 hectare. It is located directly southeast
of the Willowglen Intersection on the N4 (Pretoria-Witbank) Motorway, with
addisional access afforded along its western boundary from Provincial Road K69.
Towards the east it bounds the Silver Lakes Developement.

3. TOPOGRAPHY.

The site is essentially flat, sloping at a gradient of 1/500 (one in five hundred) towards
the north—east. Near the centre of the property the surface forms a small mound, rising
some 2 to 3 meters above the surrounds. There are no descernable drainage patterns or
features visible from aireal photographs or ground observations. Drainage will be
affected as sheet—flow over the entire surface. Storm water drainage designs will
therefore be very simplistic, and can be affected along the natural gradient. Similar
comments likewise relate to services. Roads running east—west across the breadth of
the property will have a natural gradient of 1/1000 (one in a thousand}.



4. ENGINEERING GEOLOGY.

The site is almost entirely underlain by a diabase sheet intruded into the Silverton
Shale Formation of the Pretoria Group. In the south-western extreme corner a small
outcrop of shale is present. There is no evidence of major or minor faulting cutting
through the area. Occasional cutcrops of diabase are éresent over small areas in the
central, elevated portion of the farm, while surface deposits of ferricrete (commonly
known as ouklip) are present in the north-wesiern cornmer ncar the present farm
buildings.

During 1988 an extensive geohydrological investigation was launched to obiain
sufficient water for stock farming purposes. The author conducted Schlumberger
electrical depth soundings at 16 locations, without encountering any anomalous zonss.
The sounding interpretations all indicated a very thin surficial conducting layer lying
on a high resistance deeper zone interpreted to be unweathered diabase. The thickness
of the sheet could not be established. Subsequent percussion drilling performed by the
present owner verified the geophysical interpretations, and indicated & very thin {3 t0 3

|4

meter) layer of weathered diabase overlying unweathered diabase bedrock. The
geohydrological excercise did not yield any productive boreholes.

Investigations related to founding conditions were performed in 27 {twenty seves)
shallow test pits dug with mechanical aid. The test pit logs are appended to this
report. Pit sample points were spread uniformely over the site on 2 200 X 200 meter
nominal grid, with addisional pits where conditions indicated potential change. The
exposed in-situ material present in the test pit sides were logged and described
according to the procedures outlined in Jennings et all (1973), titled : "Revised guide to
soil profiling for civil engineering purposes in South Africa.”

Test pits 6 and 7 in the far south-western corner of the property were somewhat
different from the norm in displaying darkbrown, intensily fissured and slickensided
clay, which may represent transported soil of origin weathered Silverton Shale. Pit 6
did not penetrate the clay layer at a depth of 1,000 meter, but pit 7 indicated a
thickness of only 0,500 meter.



The remaining 25 test pits were remarkabily uniform, coniaining dry to slightly moist,
black, stiff, intensily weathered diabase with minor fissures, slickensides and
unweathered diabase cobbles and boulders, varying in thickness between 0,200 meter in
the south—east to 0,900 meter thickness in the north—~west. This black clay is generally
known as tusf to the layman. The turf was always underlain by khaki, dry to slightly
moist, stiff, weathered diabase rock, clearly showing oriéinal intact rock features such
as jointing and mineral zoning, as well as the well-known sugarlike texture in crushed
form. No samples were taken from the test pits for further testing relating to the
guantification of potential heave from the black clay as well as other indicator values
normally tested for in engineering investigations. The limited thickness of.the clay
layer ensures that an enginecring solution will always be possible on any portion of the
site, even without these test results. It is however recommended that such indicator
tests be performed at a later stage prior to foundation designs for future structures.
Such tests may then be taylored to suite the proposed structures. Although no samples
were taken from the weathered diabase substrate to test the bearing capacity, nor
in-situ tests performed to evaluate this parameter, past experience with weathered
"sugar diabase rock suggests that this medium presents excellent founding. It is
therefore reasomable to assume that excellent founding conditions with very high
bearing capacities will prevail over the entire farm once excavations reach the
weathered diabase rock.

The contact between the black clay and the underlying khaki diabase is always very
sharp and descernable, even to the untrained. Over a large portion of the area {Fig 1)
the black clay overburden is less than 0,500 meter in thickness, thus it may be removed
prior to and during construction. An abrupt change in clay thickness is also evident
from Figure 1 were the clay layer increases rapidly in thickness from 0,500 to 0,800
meters along a roughly east—west line in the northern sector of the site. The cause of
the sudden increase in clay thickness is not apparent, but may be due to weathering
characteristics within the diabase.

From the above it is interpreted that the whole site should be classified as being
underlain by Soil Zonme II as defined in the Guidelines for Engiceering Geological
Investigations for Township Developement. This assessment is based on the presence of
the potentially heaving black clay layer. Problems related to potential heaving may
however be overcome entirely by founding all structures on the underlying diabase were
the clay is thin, or on raft foundations were total removal is not economical.



Apart from precautions against heaving soils of manageable thickness, the site does not
reveal any other negative aspects. Bearing capacity will be adequate, compressibility
negligable, there is no collapse potential, no slopes that may fail, nor indicators of soil
erosion, creep or deep seated failure potential. Groundwater is almost absent, there are
no marshy areas and hydrostatic pressures will be low and normal. Ground water
chemistry, apart from yielding hard water, will not have any effect on future
developements.

It may be noted thai existing buildings on the property occupy that area showing the
thickest clay developement and hence largest heave potential. No damage to any
buildings are apparent.

5. DEVELOPEMENT ZONING.

The farm may be further subdivided into two areas — a larger south-eastern zone,
termed Zone IJA, with excellent founding conditions within 0,400 to 0,500 meters from
the surface. Within this area it may be feasable to remove the overlying black clay
layer entirely prior t¢ construction at reasonable costs. Alternatively, especially where
the clay layer is very thin, walls may be founded on weathered disbase with floors
resting directly on the clay. In these circumstances it would be requized that floor slabs
are nominally strengthened and uncoupled from walls,

The norihern extreme of the farm, termed Zone IIB, has a thicker potentially heaving
clay overburden, mot likely to be removed during building operations. Smalier
structures may here be economically founded on raft foundations, suck as conventional,
Boucell or Waffel rafts. Larger structures, such as hotels, shoppinz and conference
centres will undoubtedly be founded on weathered diabase in depth, with suspended
floors. All services to buildings must provide for flexible couplings beiween the ground
and the structure.

It is evident that the south-eastern portion of the farm (Zone IIA) lends itself to lower
cost simplex and-duplex structures, while the northern portion closer to the motorways
and roads (Zone IIB) be utilised for high cosi multi-level buildings.
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6. CONSTRUCTION MATERIAL

The site does not have a significant supply of consiruction material of any sort. Course
gravel was found in the vicinity of test pits 7 at the surface, and at test pit 20 at
shallow depths. This weathered diabase gravel will provide excellent subbase for roads
in the area. Excavations left by such exploitation ma,y be used to dump excess clay
removed from building sites, and rehabilitated into parks and sportgrounds.

7. CONCLUSSIONS.

-

Portion 12 of the farm Swartkoppies has been investigated and described in terms of the
Township Ordonnance. The site does not preseni any significant geoclogical or
engineering geological problems that can not be overcome by well-known and
established building techniques. Potentially heaving black clay of origin in-situ
weathered diabase soil, occur in variable thickness between 0,200 and 0,900 meters over
the site. This results in a soil classification of Soil Type II for the entire property.
Building construction may be effected by either removing ihe clay layer where it is
thin, or employing raft foundations where this alternative is more cost effective.

8. RECOMMENDATIONS.

1.  The site is found to be suitable for residential building purposes, provided
that the outlined precautionary measures are adhered to.

2. Thin occurrences of black clay (Zone ITA) should be removed from building
sites entirely where this is economically viable, unless other precautions are
taken t¢ minimize damage to buildings resulting from heaving soil.

3. Thick occurrences of black clay {Zone IIB) may be more expediently treated
by employing building techniques adapted fo heaving soil foundations, such
as conventional, Boucell and Waffel raft foundations, unless other
precautionary measures are taken to minimize damage to buildings resulting
from heaving soil.



4. 1t is strongly recommended that indicator tests, related to heaving and other
foundation parameters be performed prior to construction design, to quantify
the potential heave of the clay as well as the bearing capacity of the
substrate on which founding is to be placed.

CJ B SMIT.

GEOLOGIST {B.Sc. Hons., Pret.)
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SILVER WILLOWS

RESULTS OF GEOTECHNICAL SURVEY
CONDUCTED BY SOILLAB

CONSULTING eNGINEERS

Civil, Structural, Electrical Engineers,

Refuse Management Consultants and Project Managers
Building No 45, CSIR Campus, Meiring Naud Road, Scientia
£ QO Box 2967, PRETCRIA, 0001
email: pta@bvigp.co.za
Tel: 012-349 00499
Fax: 012-349 0066
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SOIL ANALYSIS BY ... : SOILLAB (Pty) Lid - Pretoria Page:1
Lab reference No. : §02-821 Date Printed : 2002-12-10
CUSIOMEN .o riaias . BV1 Job Number ............. . S02-821
Job Description ... SEL\}ER WILLOWS Confract Number .....:
Road Number «.......cccveene Date oo 1 2002-11-15
SAMPLE DESCR!F‘TION
Sample Number ..o 07133 07140 07142 Q7141 07143 07144
Sample Position TR 1 TP 2 ™3 TR 3 TP 4 TPS
Sample Depth (mm) 400-1300 400-1350 Q-800 800-1250 636-1560 870-1220
Material Description DARK BROWN | DARK BROWN | DARK BROWN | DARK BROWN | LIGHT BROWN | DARK BROVN
DEC. DIABASE | FINE GRAVEL | SANDY SILT | FINE GRAVEL | DEC. DIABASE SAND
CLAYEY SAND FINE GRAVEL
Max size of boulder (mm)  -... - - - - 160 .
SCREEN ANALYSIS (% PASS}
75,00 mm 100 100 100 100 100 100
63,00 mm 100 100 160 100 84 100
53,00 mm 100 100 100 160 82 100!
37,50 mm 100 100 100 100 80 100
26,50 mm 1 100 100 100 79 100,
18,00 mm 100 100 100 100 77 100
13,20 mm 100 100 100 100 = 100!
“T 4,750 mm 88 100 99 160 74 100
2,000 mim 32 94 98 28 63 93
0,425 mm ... 25 29 70 38 22 30
0,075 mm 1 9 45 18 g 17,
SOIL MORTAR
Coarse Sand 2.,000-0,425 Gg 69 28 &2 64 88
Coarse Fine 8d = 0,425-0,250 7 9 8 9 11 6
Medium Fine 3d  0,250-0,150 6 7 7 8 7 4]
Fine Fine Sand  0,150-6,078 5 5 8 5 5 4
Material <0,075 13 10 48 18 13 18
CONSTANTS
Grading Medulus ... 1.82 1.68 0.86 1.46 2.07 180
Liguid Limit .oeeee 3 23 38 32 29 3@
Plasticity Index ... 11 5 8 5] 4 10
Linear Shrinkage (%) g5 3.0 4.0 3.0 20 5.0
Sand Equivalent ... oo
Classification - TRB A28 (D) A-1-b (0} A4 (2) A-1-b () A~1-b (D) A-2-4 ()
Classification - TRH14 ... G7 a7 a7
CBR/UCS VALUES CBR CBR CBR
MOD, AASHTO
Max Dey Density (kg/m™) ... 2098 2119 2061
Optimum Moisture Cont (%) - 10.2 9.4 10.7
Moulding Molsture Cont (%) . 102 4 10.8
Dry Density (kg/m®) 2082 2115 2058
% of Max Dry Density 982 99.8 938.9
100% Mod CBR/AUCS .ooceens 30 50 45
% SWell e 0.4 C.0 0.3
NRB
Dry Density (kg/m?) 2008 2025 1948
% of Max Dry Density ..o 95.7 956 94,5
100% NRB CBR/UCS ... 28 28 28
96 SWEH  vevreriaeeeerseeireenenenas c2 0.1 0.5
PROCTOR
Dry Density (kg/m?)  oooevenene 1916 1978 1868
% of Max Dry Density 913 ¢33 80.5
100% Proc CBRIUCS e 15 23 16
% BWEIL  ereeernrenecaenren s 0.1 0.0 0.5
CBR/UCS VALUES
100% Mod AASHTO ooccvrnn 30 1 44
48% Mod AASHTO prass 38 37
97% Mod AASHTO 28 37 34
95% Mod AASHTO ... 25 25 29
93% Mod AASHTC 19 23 23
90% Mod AASHTO .o 12 13 15
{PTY)LTD 230 Albertus Streel P O Box 72928
La Montagne Lynnwood Ridge 0040
Reg No 1971/00112/07 Telf (012) 481-38%9 Fax {012) 481-3812




SOIL ANALYSIS BY ....... SOILLAB (Ply) Ltd - Pretoria

Page 12

Lab reference No. 1 802-821 Date Printed : 2002-12-05
Customer .. rrereneeenens - BV Job NUMBer ... ren.. - S02-821
Job Desmphon ............... SiLVER WILLOWS Contract Number ... :
Roagd Number .. . DELE oo £ 2002-11495
SAMPLE DESCR(PT!ON
Sample NUmMber ..o 07145 07146 07147 (7148 Q7148 07180
Sample POSITON <o TP 6 P77 P8 TP TP 10 TP 1
sasmple Depth (M) weoverroeeee 810-1030 830-1400 510-1180 0-1500 100-1600
Material Description  —vceeens LIGHT OLIVE {DARKR/B DEC.| DARKGREY LIGHT GREY | LIGHT GREY | LIGHT BROWN
DEC. DIABASE DIABASE SHALE DEC. DIABASE | DEC. DIABASE | DEC. DIABASE
FINE GRAVEL | SILTY GRAVEL | SILTY GRAVEL | SANDY CLAY SAND SAND
Max size of boulder (mm) - - 120 - - -
SCREEN ANALYSIS {% PASS)
75,00 mm 1020 100 100 100 100 100
63,00 mm .. 100 84 85 100 100 100
53,00 mm 100 82 75 100 100 100
37,50 mm 100 80 69X 100 160 100
26,50 mm 100 79 49 100 100 100
18,00 mm 100 77 47 100 100 100
13,20 mm 100 7 45 100 100 100
4,750 mm 98 64 24 100 94 98
2,000 mm ... 84 45 15 o8 61 78
0,425 mm .. 22 33 5 82 18 23
0,075 mm g 27 7 49 10 13
SO MORTAR
Coarse Sand 2,000-0,425 75 25 42 35 70 71
Coarse Fine 5d  0,425-0,2680 7 4 3 4 8 5
Medium Fine Sd  0,250-0,150 4 4 2 5 4 A
Fine Fine 8and  0,150-0,075 3 5 2 5 4 4
Meterial <0,075 14 61 51 51 16 16
CONSTANTS {
Grading MOgUILS  -evreerneenns 1.85 1.95 2.69; 093 241 1.86
Liquid LMt < oeoeeerersssssreenecones 32 53 75! 87 40 36
Plasticity INGEX  wrreerrerercones 4 14 263 22 10 8
Linear Shrinkage (%) 20 7.0 12.0] 1.4 5.0 4.0
Sand Equivalent .o 5
Classification - TRB A-1-b (0 A-2-7 (0} A-2-7 (0) A-7-5(8) A-2-4 (0 A-2-4 (D)
Classification - TRH14 ......... >G1G GBi >G10
CBR/UCS VALUES CBR CBR ! CBR
MOD. AASHTO g
Max Dry Density (kg/m® - 1892 1978; 1691
Optimum Moisture Cont (%) - 12.6 14 5] 18.7
Moudding Moisture Cont (%) - 128 11.7§ 17.0
Dry Dansity (Kg/M®)  eecveeenees 1897 1962 1695
% of Max Dry Density  oowvree 1003 g9.2! 100.2
100% Mod CBRIUCS .covveernes 25 28 3
% SWEIL  eeverreciescanisserms s 1.9 0.4} 11.3
NRB
Dry Density (kg/m?} 1793 1864 1485
% of Max Dry Density 95.0 942 B7.8
100% NRB CBRAUCS .o g 15 2
B SWEH e 2.5 0.8 84
PROCTOR '
ny Density (kg/m™) 858 1743 1437
% of Max Dry Density ... 87.6; 83.4; 85.0
100% Proc CBR/UCS 3 10 2
% Swell 2.0 Q.4 5.8
CBR/UCS VALUES
100% Mod AASHTO 24 31 3
98% Mod AASHTO 16 24 3
97% Mod AASHTQ 13 22 3
95% Mod AASHTC S 17 3
93% Mod AASHTO 7 14 2
90% Mod AASHTO oo 4 11 2
{PTY}LTD 230 Albertus Street PO Box 72928

Reg No 1971/00112/07

t.a Montagne
Tel {012) 481-3939

Lynnwond Ridge 0040
Fax (D12} 481-3812




SOIL ANALYSIS BY ....... : SOILLAR (Pty) Lid - Pretoria . Page:3

Lab seference No. 0 842821 Date Piinted : 2002-12-04
Customer ......ccooveveeinnen, : BVl Job Number .............: S02-821
Job Deseription v < SILVER WILLOWS Confract Number ...
Road Number ... : Dale ..o 1 2002-11-18
SAMPLE DESCRIPTION
Sample Number ..o 07151 07152 07163 07154 07155
Sampie Position .o TP 12 TP13 TP 14 TP 15 TR 18
Sample Depth (mm) 470-1350 550-1200 450-1400 450-1200 450-1300
Material Description DARK BROWN | LIGHT GREY | LIGHT BROWN | LIGHT BROWN | LIGHT BROWN
CLAYEY SAND | DEC. DIABASE | DEC. DIABASE SAND DEC. DIABASE
SILTY SAND SAND FINE GRAVEL
Max size of boulder (mm} ... - - - - -
SCREEN ANALYSIS {% PASS}
7500 mm 100 100 100 100 100
8300 mm ... i 100 100 100 100
53,00 mm ... 100 100 100 100 100
37,50 mm 100 89 100 100 100
2650 mm ... 100 a8 100 100 100
19,00 mm ... 100 37 100 100 100
13,20 mm ... 100 87 100 100 160
A4750mm .. 300 34 09 89 a9
2,000 mm ... 84 82 76 89 89
0425 mm ... 37 31 21 31 29
QOTS5 MM ccoronvirene e 18 17 g 13 8
SOIL MORTAR
Coarse Sand 2,000-0,425 61 &2 72 85 68
Coarse Fine 8d  0,425-0,250 g 7 8 9 13
Medium Fine 8d  0,250-0,150 8 5 5 6 7
Fine Fine Sand  0,150-0,07% 5 g 4 6 5
Material <0075 13 21 11 14 7
CONSTANTS
Grading Modulus ..o 151 1.70 1.85 1.87 1.76
Liguid Limit ... 36 43 32 28 24
Plasticity index 11 12 e ) 6
Linear Shrinkage (%)  «ovonee 55 8.0 40 35 20
Sand Equivalent ..o
Classification - TRB A-2-6 (0} A-2-T (0} A-2-4 (0) A-2-4 (0} A1k {0)
Classification - TRH14 G7 G7 G7
CBR/UCS VALUES CBR CBR CBR
MOD., BASHTO
Max Dry Density (kg/r®) ... 2089 2144 2128
Optimum Moisture Cont (%) - 38 75 82
~+. Moulding Moisture Cont (%} - 28 7.7 82
Dry Density (kg/m?®)  cveceinns 2072 2118 2137
% of Max Dry Density  .oovrve 99.2 8.8 100.4
100% Mod CBRAUCS .. 43 48 31
% Swell e (.8 0.1 0.1
NRRB )
Dry Density (kg/m®) 1845 2028 2052
% of Max Dry Densiy 93.1 845 96.4
100% NRB CBRIUCS e 204 18 18
% SWell e 1.2 0.1 .1
PROCTOR
Dry Densily (ka/ti®) oo iees 1847 1939 2005
% of Max Diy Depsity  ..coee 83.41 90.4 042
100% Proc CBRAUCS .. 10 14 4
% SWEHL  cerrerecerrerereen e 0.8 0.0 ] a4
CBR/7UCS VALUES
100% Mod AASHTO ... 48 58 29
58% Mod AASHTC ... 37 38 23
87% Mod AASHTQ ... 33 32 20
95% Mod AASHTO ... 25 27 18
93% Mod AASHTO e 20 17 17
20% Mod AASHTO oeenn 13 14 16
(PTY) LTD 230 Albertus Street PO Box 72928
La Montagne Lynnwood Ridge 0040

Reg No 1871/00112/07 Tel (012) 481-3989 Fax (012) 481-3812
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