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SAMANCOR CHROME, MIDDELBURG 
 

GEOTECHNICAL FEASIBILITY INVESTIGATION 
FOR NEW CHROME PLANT FACILITY 

 
 

 
1. INTRODUCTION 

 
Knight Hall Hendry (KHH) was appointed by Mr. T Fischer of Environmental Science Associates 
to conduct a feasibility level geotechnical investigation for the proposed plant facility at Samancor 
Chrome, Middelburg. Previous investigations in close vicinity of the area were conducted by 
Knight Piésold in 1997, which entailed a hydrological investigation and groundwater modelling 
study for the dust disposal dam at Middelburg Ferrochrome [1] 1. 
 
The available ground for the construction of the new plant and waste disposal facility covers an 
area of approximately 1,2km by 0,6km. The objective of the feasibility level geotechnical 
investigation was to provide the geotechnical characteristics of the subsurface soils and 
underlying bedrock for planning and preliminary design purposes for the construction of the plant, 
particularly to optimally position the plant site and to ensure that possible sites for future waste 
disposal are identified at an early stage. 
 
This feasibility geotechnical investigation was conducted in two phases, namely Phase 1, which 
consisted of a reconnaissance walk-over site visit and geophysical studies comprising electric 
resistivity surveys, and Phase 2, which comprised testpitting across the site with an excavator. 
The purpose of the Phase 1 geophysical survey was to identify the best area for a plant site and 
to determine the depth of weathering of the underlying bedrock. Testpitting in Phase 2 confirmed 
the results of the electric resistivity surveys and also characterised the underlying soil and rock 
properties. Selected soil samples from representative soil horizons were taken during the 
testpitting phase to determine specific geotechnical soil properties. 

 
 
2. SITE DESCRIPTION 

 
The site is located to the west of the Samancor industrial area, north of the N4 Highway. Access 
to the site is along a gravel road that runs from north to south past the western perimeter of the 
site. A borrow pit is located in the northern portion of the site along this gravel road, between an 
old landing strip and the gravel road. The existing dust disposal dam is located along the eastern 
perimeter of the site, and the area south towards the N4 Highway comprises open grassland. 
 
The site is covered by grass and sparse bush common to the Highveld regions with scattered 
exotic trees along the western gravel road. Drainage over the site takes place in a south-east 
direction towards the Vaalbank Spruit that runs north towards Middelburg town, where it flows 
into the Klein Olifants River. A series of water channels were previously installed across the site 
in a north-south direction to intercept any surface water draining towards the existing dust 
disposal dam to the east. 

 

                                                           
1 References are indicated thus and are listed at the back of the report. 
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3. METHOD OF INVESTIGATION 
 
The geophysical survey was conducted during July 2007, and comprised seven traverses, which 
were positioned in a north-south and east-west direction to cover most of the study area. The 
detailed geophysical report and survey results are contained in Appendix A. Figure 2 provides the 
positions of the seven traverses, numbered A to G. 
 
Testpitting was performed on 1 to 3 August 2007 and entailed the excavation of 22 test pits (TP1 
to TP22) with a 33 ton excavator, supplied by Samancor. Test pits were positioned according to 
the results of the geophysical survey to verify the weathering depths. All test pits were excavated 
into bedrock or to the maximum reach of the machine. Test pits were logged by an engineering 
geologist according to the recommended standard procedures [2]. Test pit logs are contained in 
Appendix B. 
 
Representative soil samples were taken for laboratory testing to determine soil particle size 
distribution and Atterberg Limits, compaction and strength characteristics, as well as the 
coefficients of permeability of the various soils. Refer to Appendix C for the laboratory test 
results. 
 
The co-ordinates of all test pit positions were recorded with a handheld GPS (accuracy of 5m), 
and are given on the individual test pit logs in WGS84 datum. The positions of all the test pits are 
indicated in Figure 2. 

 
 
4. GEOLOGY AND GROUND CONDITIONS 
 
4.1 Geology and Weathering 

 
According to the published 1 : 250 000 scale geological map of the area, Sheet 2528 Pretoria, 
the site is situated on shale and quartzite of the Loskop Formation, Transvaal Supergroup. 
Testpitting revealed that most of the site is underlain by shale with quartzite present as 
interlayered bands in the soil profiles. 
 
Weathering on shale generally extends to considerable depth, producing thick surface cover 
which comprises silty clayey soil. Weathering of quartzite is usually limited to a shallower depth 
with only a thin soil cover, comprising silty sand. The sedimentary rock layers dip generally at 20º 
north to north-east. According to previous investigations the area south of the site should be 
underlain by dolerite, which weathers to clayey soils. 
 
The geophysical survey shows that intensive weathering occurs in the western and northern 
portions of the site, while the south-east portion is characterized by shallow rock. 

 
4.2 Soil Profile 

 
A summary of the test pits profiles is provided in Table 1 at the back of this report. The area can 
be divided into three soil type zones, namely Zones A, B and C as indicated in Figure 2. Figure 3 
provides depth-to-rock contours of the study area. The following generalized soil profile occurs in 
each zone: 
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Zone A 
 
Zone A is characterised by deeply weathered soil profiles consisting of transported soils, nodular 
ferricrete and residual shale. 
 
• Transported soils cover the area to a depth of between 0,3m and 1,8m. The south portion of 

Zone A is covered by topsoil to a depth of 0,4m comprising sandy silty clay of soft 
consistency. Hillwash covers the rest of the area to a depth of 1,8m and comprises gravelly 
silty sand to silty sandy gravel of loose to medium dense consistency. The soil structure 
varies from intact to pinholed. The transported soil layers are also ferruginised with depth.  

• Nodular ferricrete occurs directly below the transported soil cover and comprises abundant 
ferricrete nodules in a silty clay/clayey sand matrix, which extends to depths of between 0,9m 
and 2,7m. Consistency varies from loose to dense and also very dense in TP6 where it 
occurs as honeycomb ferricrete to a depth of 2,7m. It is believed that the nodular ferricrete 
layer formed at the base of the transported soil layer and is in all instances underlain directly 
by residual shale soil or shale rock. 

• Residual shale comprises slightly sandy silty clay with soft to firm consistencies becoming 
stiff and very stiff close to bedrock. The soil has an intact to relict jointed and layered 
structure with depth. Residual shale extends to depths of between 2,0m to more than 5,7m 
(maximum reach of excavator). 

• Residual quartzite occurs in TP18 as loose to medium dense clayey silty sand from a depth 
of 3,2m. Quartzite bedrock occurs only in TP18 as completely to highly weathered very soft 
to soft rock from a depth of 5,4m. The quartzite occurs in a north-west striking band along the 
far northern portion of Zone A (also encountered in TP2 in Zone C), which was identified by 
the electric resistivity surveys as relatively resistant material. 

• The soil profile in TP7 comprises interbedded layers of very soft to soft rock quartzite and 
shale between a depth of 1,4m and 4,2m. 

• Shale bedrock occurs from a depth of between 2,0m and 3,3m as highly weathered very soft 
rock. In TP20 and TP21 shale bedrock was not encountered with residual shale extending 
deeper than 5,6m, i.e. the maximum reach of the excavator. 

 
It is apparent from Figure 3 that the depth to bedrock increases towards the north. The boundary 
between Zone A and Zone C is arbitrary, but TP20 and TP21 were grouped in Zone A because 
distinct ferruginisation occurs in the upper 1m of the soil profile, generally not encountered in 
Zone C. 

 
Zone B 
 
Zone B is characterised by shallow weathering comprising thin transported and residual shale 
layers. 
 
• The area is covered by transported soil to a depth of between 0,3m and 1,1m. Topsoil occurs 

at TP5 and TP10 as slightly sandy silty clay of soft consistency. The rest of the area is 
covered by hillwash comprising clayey/silty sand with scattered gravel. The consistency is 



KNIGHT HALL 
HENDRY 

4 

 

 
JDC-JvT/5266 /KHH Rev.0 (2007-11-16) 

loose to medium dense and the soil structure is intact. At TP4 the transported soil is 
ferruginised to a depth of 1,1m. 

• Ferricrete occurs at a shallow depth below the hillwash in TP5 and TP11 and comprises 
abundant ferricrete nodules in clayey sand/silt matrix of dense consistency. 

• Residual shale generally occurs directly below the hillwash soil cover and comprises silty 
clay with abundant shale gravel, which extends to a depth of between 0,7m and 1,7m. In TP5 
and TP13 the residual shale is ferruginised in the upper portion of the layer. 

• Shale bedrock occurs at a relatively shallow depth of between 0,7m to 1,7m in Zone B. It 
generally comprises highly weathered very soft to soft rock and caused refusal, or very 
difficult excavation conditions, at a depth of between 1m and 1,5m. 

 
Zone C 
 
Zone C is characterised by deeply weathered profiles comprising a relatively thin transported soil 
cover and a thick residual shale layer. 
 
• Transported soil covers the area to a depth of between 0,2m and 0,8m. Topsoil occurs in 

TP15 to TP17 as sandy silty clay of soft consistency. Hillwash covers the rest of the area and 
comprises gravelly silty sand of loose to medium dense consistency. 

• Nodular ferricrete occurs only in TP14 as abundant ferricrete nodules in sandy clay matrix of 
soft consistency to a depth of 1,4m 

• Residual shale occurs from a depth of between 0,2m and 1,4m and comprises slightly sandy 
silty clay becoming silty clay with depth. Consistency is generally firm, but becomes stiff with 
depth. The soil structure varies from intact to relict layered with depth. 

• The soil profile in TP2 comprises residual shale of firm consistency, interlayered by bands of 
soft rock quartzite. 

• Shale bedrock occurs from a depth of between 1,4m (east) and 4,8m (north-west) as highly 
weathered very soft to soft rock with depth. 

 
A perched water table was encountered over the site from depths ranging between 0,4m and 
5,4m. 

 
 
5. LABORATORY TEST RESULTS 

 
A summary of the laboratory test results is provided in Tables 2A and 2B at the back of the 
report. The results are discussed below. 
 
Transported soil (TP4) comprises silty gravelly sand with a low clay content of 7% and a low 
Plasticity Index (PI) of 11%. The soil has a low potential expansiveness. 
 
Nodular ferricrete comprises slightly clayey and silty sandy gravel with a clay content of 12% and 
a PI of 22%. The potential expansiveness is also low. The material has a maximum modified 
AASHTO dry density of 2076kg/m³. When compacted to 95% of Modified AASHTO maximum dry 
density at optimum moisture content, the coefficient of permeability of the ferricrete is 
2,7 x 10-8cm/s. 
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Residual shale generally comprises slightly sandy silty clay to clayey silt, with clay contents 
ranging from 14% to 38% and PI values from 14% to 30%. The potential for expansiveness is 
generally medium to high. The in situ dry density of residual shale ranges between 1564kg/m³ 
and 1675kg/m³ with coefficients of permeability of undisturbed samples from 5 x 10-6cm/s and 
8 x 10-9cm/s. The optimum modified AASHTO dry density of the residual shale ranges between 
1830kg/m³ and 1970kg/m³ at moisture contents of between 11% and 15%. Residual shale 
compacted to 95% of Modified AASHTO maximum dry density at optimum moisture content 
renders coefficients of permeability of about 1 x 10-8cm/s. 
 
The soaked shear box test on an undisturbed residual shale sample (TP3) renders a cohesion of 
42kN/m2 with an angle of internal friction of 26º. The same test on a recompacted (95% of 
Modified AASTHO maximum dry density) residual shale sample renders a cohesion of 13kN/m2 
with an angle of internal friction of 33º. A slake durability test was conducted on very soft rock 
shale encountered in TP3 at a depth of between 1,1m and 1,3m. The test results classify the 
durability as medium indicating a relatively low durability, which is typical for a mudrock. 
 
Chemical tests were conducted on groundwater samples collected from TP5 and TP10 to 
determine soil aggressiveness towards concrete and mild steel. The Basson indices were 
recorded. The test results rendered very high pH values of between 8,2 and 9,5 (TP10 and TP5 
respectively). The final Basson aggressiveness index classifies the groundwater in TP10 as 
mildly to fairly aggressive, i.e. fairly corrosive towards concrete but highly corrosive towards 
metals. The final aggressiveness index of the groundwater in TP5 classifies as highly aggressive, 
although the individual dissolved solids of calcium, magnesium and sulphates are much lower 
than in TP10. 

 
 
6. GEOTECHNICAL ASSESSMENT 
 
6.1 Plant Site 

 
The electrical resistivity survey results clearly differentiated between the south-east area 
underlain by shallow, relatively unweathered shale (Zone B) and the remainder of the site, which 
is characterised by deep weathering and relatively thick clayey soil profiles (Zones A and C). The 
presence of the quartzite bands and possible dyke intrusions were also identified. It provided a 
solid base for the testpitting and sampling components of the study. A remarkable good 
correlation was found between the results of the geophysical surveys and the test pits. The high 
resistive area is characterized by the shallow shale encountered in Zone B, while the majority of 
the study area is highly conductive and correlates with the presence of the clayey soil cover and 
deep weathering. 
 
Geophysical results identified a thin, resistant layer at surface along the western portion of the 
site, overlying highly conductive material. This was interpreted as the ferruginised/nodular 
ferricrete layer found in Zone A. 
 
Figure 3 clearly shows that Zone B offers the preferred area for a plant site. The depth to shale 
rock is generally less than 2m and the results of the electrical resistivity survey show that the 
unweathered shale layer extends to a depth of at least 25m. Results of the single durability test 
conducted on the weathered shale indicated 85% Slake Durability Index (Medium). It is therefore 
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not considered necessary to provide special precautionary measures to protect the shale after 
exposure, although some dessicated cracking will appear in the shale if left open and 
unprotected for longer than say 3 to 4 days. It will therefore be advantageous to cover the rock in 
foundation excavations as soon as possible after final foundation preparations have been 
completed. 
 
Favourable foundations for the plant are thus present in Zone B due to the shallow bedrock, 
which is relatively consistent over the area. Bedrock, which is encountered at a depth of between 
0,7m and 1,7m, comprises weathered, very soft rock shale, which becomes soft rock shale with 
depth. Foundations for heavy structures would be suitable at a depth of 1,5m to 2,0m, with safe 
bearing capacities of the soft rock expected to be at least 1MPa. The very soft rock at 0,7m to 
1,5m should have bearing capacities of at least 500kPa. 
 
Zone B consists of an area of approximately 250m by 400m. Should the plant area needs to be 
extended, it is advisable to expand the site in a northern direction, where conditions are relatively 
similar, but bedrock depth occurs at a depth in excess of 2,5m to 3m (refer to TP2, TP3 and 
TP19). 
 
Precautionary measures will be necessary for the protection of subsurface concrete and mild 
steel installations due to the aggressive nature of the groundwater in the area. 
 
Zone B is flanked on the east side by a rehabilitated disposal area and should not be disturbed. 

 
6.2 Waste Disposal 

 
It was not part of our brief to specifically investigate sites for future waste disposal, but for 
planning purposes to identify possible areas that can be used for disposal. Zones A and C are 
considered favourable for waste disposal due to the deeply weathered profile comprising 
relatively impervious soils. 
 
Laboratory test results confirmed that the residual soils have high fines content containing 
generally between 15% and 35% clay with relatively high PI values, generally between 15% and 
30%. The permeability tests conducted on undisturbed samples of residual shale rendered low 
coefficients of permeability of between 5 x 10-6cm/s to 8 x 10-9cm/s. The same residual soil 
compacted to 95% of Modified AASHTO maximum dry density at optimum moisture content 
rendered consistent results with coefficients of permeability of 1 x 10-8cm/s. The fact that the 
coefficient of permeability does not increase due to compaction of the soil is due to the high clay 
content and the plastic nature of the clay. The ferricrete material containing high enough clay 
content also rendered a low coefficient of permeability of 2,7 x 10-8cm/s when compacted to 95% 
of Modified AASHTO maximum dry density at optimum moisture content. 
 
It is anticipated that the residual shale as well as the ferricrete material with high clay content 
should be favourable to use for the construction of liners for waste disposal. It is also anticipated 
that residual shale (if compacted) should provide impermeable floor conditions below the waste 
disposal facility. 
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6.3 Construction Materials 
 
The compaction tests conducted on the residual shale, ferricrete and transported soil rendered 
very poor results with respect to materials for structural layer works and classifies according to 
the TRH14 classification system as poorer than G9 quality material. Therefore none of the spoil 
excavated on site can be re-used as selected fill for road layer works or foundation platform 
construction. It is therefore foreseen that G5 quality materials be imported to the site for structural 
layer works. 

 
 
7. CONCLUSIONS AND RECOMMENDATIONS 

 
KHH conducted a feasibility level geotechnical investigation for the proposed new plant facility at 
Samancor, Middelburg. The investigation entailed a two phase approach namely Phase 1, which 
comprised a geophysical survey and Phase 2 comprising testpitting with laboratory testing of soil 
samples. The following conclusions have been reached: 
 
• The geophysical survey revealed that the south-east portion of the site comprises soil 

profiles with bedrock occurring at shallow depth. The west and north portions of the site 
comprise deeply weathered soil profiles with shale bedrock occurring at depth. 

 
• Testpitting confirmed the results of the geophysical survey which led to the subdivision of the 

site into three areas namely Zones A, B and C. 
 
• Zone A is located in the south-west portion of the site with soil profiles generally deeply 

weathered comprising ferricrete and thick residual shale soils. Nodular ferricrete occurs 
below the transported soil which consists of abundant ferricrete nodules in clayey 
sand/sandy clay matrix while residual shale contains silty clay. The soil consistency with 
depth over this zone is not uniform. The area at TP6 has consistencies of dense to very 
dense in ferricrete and stiff to very stiff in residual shale, while the area at TP9 has 
consistencies of soft in ferricrete and firm in residual shale. Bedrock occurs from depths of 
between 2,0m and 3,0m as highly weathered very soft rock shale while bedrock depths 
increase to more than 6m in a northern direction (TP20 and TP21). 

 
• Zone B occurs in the south-east portion of the site and is characterized by shallow weathered 

soil profiles comprising thin ferricrete and residual shale layers. Ferricrete occurs in the south 
portion of Zone B below the transported soil as coarse grained material with dense 
consistencies which extends to depths of between 0,7m and 0,8m. Residual shale occurs 
below as silty clay with abundant highly weathered very soft rock shale gravel. Residual 
shale is also ferruginised in areas where ferricrete occurs. Consistencies over this zone are 
generally homogeneous due to the thin soil cover and ranges between firm and stiff (dense 
to very dense). Shale bedrock was encountered at depths of between 0,7m and 1,7m and 
consisted of highly weathered very soft rock. 

 
• Zone C is located in the north portion of the site and generally comprises deeply weathered 

soil profiles of thick residual shale layers with limited ferruginization. The area is covered by 
transported soil with ferricrete only present at TP14. Residual shale occurs from depths of 
between 0,2m and 1,4m and comprises silty clay with consistencies of soft to firm in the 
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upper soil profile to stiff with depth. Shale bedrock occurs from a depth of 1,4m and 4,8m as 
highly weathered very soft rock. 

 
• Laboratory test results indicated the thin transported soil to be coarse grained, while the 

thicker residual shale layers and ferricrete material have high clay contents with medium to 
high potential for expansiveness. 

 
• Permeability tests conducted on the undisturbed samples from nodular ferricrete and residual 

shale rendered good results with coefficients of permeability generally between 5 x 10-6cm/s 
and 8 x 10-9cm/s. The same material compacted to 95% of Modified AASHTO maximum dry 
density at optimum moisture content gave consistent coefficients of permeability of generally 
1 x 10-8cm/s. 
 

• The internal angle of friction of the residual shale was found to be 26° and 33° in its 
undisturbed condition and if compacted to 95% of the modified AASHTO maximum dry 
density, respectively. It is recommended that the cohesion values be taken as zero for the 
purpose of strength calculations. 

 
• Tests conducted on transported soil, ferricrete and residual shale indicated poor 

compactability and strength for structural layer works, due to the high clay content present in 
the soil (classified poorer than G9 quality material). These materials may not be used for 
structural fill purposes. 

 
• Aggressiveness test conducted on groundwater indicated the water to be medium to highly 

corrosive towards concrete and highly corrosive towards metals. It is recommended that this 
aspect be investigated in more detail once the site layout has been finalised. 

 
• Soil profiles in Zones A and C are deeply weathered with thick residual shale soil present 

containing a high clay content. It is anticipated that these zones should be favourable for the 
construction of the waste disposal facility due to the easy excavatability with depth and the 
presence of thick impermeable soil to use for the construction of liners, but further 
investigations are required. 

 
• Zone B is recommended for the plant site, since it consists of a relatively large area of 250m 

by 400m, where relatively good quality shale bedrock occurs at a shallow depth. It is 
foreseen that the safe bearing capacity of soft rock shale at an average depth of 2m in Zone 
B is in the region of 1MPa, while 500kPa safe bearing capacity should b obtained in the very 
soft rock shale at an average depth of 1m. 

 
It is recommended that a design stage foundation investigation be conducted for the plant site 
once a site layout has been finalized. These should include additional testpitting at each 
structure, while limited rotary cored drilling is recommended at heavy and/or structures with 
dynamic loads, to confirm foundation conditions with depth. The dynamic modulus of elasticity of 
the shale foundation rock will have to be determined below crushers and mills. 
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TABLE 1 : SUMMARY OF TEST PIT PROFILES 
 

TEST 
PIT 
No. 

THICKNESS OF LAYERS (m) – (m) SOIL 
ZONE 

(refer to 
Figure 2) 

TRANSPORTED SOILS NODULAR 
FERRICRETE 

RESIDUAL SOILS BEDROCK 

TOPSOIL HILLWASH FERRUGINIZED 
TRANSPORTED 

FERRUGINIZED 
RESIDUAL SOIL 

RESIDUAL 
SHALE 

RESIDUAL 
QUARTZITE SHALE QUARTZITE 

TP1  0,0 – 0,3    0,3 – 0,8  0,8 – 1,3+R  B 

TP2  0,0 – 0,4 

 

  

0,4 – 0,8 
1,0 – 1,6 
2,0 – 2,6 

 2,9 – 3,1 

0,8 – 1,0 
1,6 – 2,0 
2,6 – 2,9 

3,1+ 

C 

TP3  0,0 – 0,6    
0,6 – 2,3 
2,5 – 3,7  3,7 – 4,1+ 2,3 – 2,5 C 

TP4  0,0 – 0,3 0,3 – 1,1   1,1 – 1,4  1,4 – 1,7+  B 
TP5 0,0 – 0,3   0,3 – 0,7 0,7 – 1,7   1,7 – 1,9+  B 
TP6  0,0 – 0,3  0,3 – 2,7  2,7 – 3,3  3,3 – 3,6+  A 

TP7  0,0 – 0,3  0,3 – 0,9 0,9 – 1,4   1,4 – 2,0 
2,5 – 4,2+ 2,0 – 2,5 A 

TP8 0,0 – 0,4  
 0,4 – 1,5  1,5 – 3,0  3,0 – 3,7+  A 

TP9 0,0 – 0,4  
 0,4 – 1,1  1,1 – 2,0  2,0 – 3,1+  A 

TP10 0,0 – 0,5  
  0,5 – 1,0   1,0 – 1,5+  B 

TP11  0,0 – 0,4  0,4 – 0,8    0,8 – 0,9+  B 
TP12  0,0 – 0,5    0,5 – 0,7  0,7 - 1,0+  B 
TP13  0,0 – 0,4   0,4 – 0,7   0,7 – 1,0+  B 
TP14  0,0 – 0,4  0,4 – 1,4  1,4 – 4,9+    C 
TP15 0,0 – 0,2  

   0,2 – 1,4  1,4 – 2,1+  C 
TP16 0,0 – 0,4  

  0,4 – 1,4 1,4 – 3,6  3,6 – 5,1+  C 
TP17 0,0 – 0,3  

  0,3 – 0,5 0,5 – 2,2  2,2 – 3,7+  C 
TP18   

0,0 – 0,7   0,7 – 3,2 3,2 – 5,4  5,4 – 5,7+ A 

TP19  0,0 – 0,3    0,9 – 2,1  0,3 – 0,9 
2,1 – 2,3+  C 

TP20  0,8 – 1,8 0,0 – 0,8  1,8 – 3,2 3,2 – 5,6+    A 
TP21  1,0 – 1,4 0,0 – 1,0   1,4 – 5,7+    A 
TP22  0,0 – 0,8    0,8 – 4,8  4,8 – 5,2+  C 

 
+R indicates refusal of the machine on bedrock 
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TABLE 2A : SUMMARY OF LABORATORY TEST RESULTS ON SOIL SAMPLES 
 

SAMPLE GRADING (%) PASSING) 

SIEVE SIZE (mm) 

ATTERBERG LIMITS 

(%) 

GM USC POTENTIAL 

EXPANSIVE

NESS 

MOD. AASHTO 

COMPACTION 

CBR AT % COMPACTION COLTO 

CLASS 

SOIL ORIGIN 

No. DEPTH 

(m) 

4,75 2,0  0,425   0,075 0,02 LL PI LS MDD 

(kg/m³) 

OMC 

(%) 

98 95 93 

TP1 0,3 – 0,8 56  44 36 25 7 35 18 8 1.95 GC Low 1976 10.7 18 13 11 < G9 Residual shale 

TP3 2,5 – 3,7 100 97 92 74 15 35 14 7 0.37 CL Medium 1787 16.4 5 3 3 < G9 Residual shale 

TP4 0,3 – 1,1 86 70 51 30 7 26 11 4.5 1.49 SC Low - - - - - - Hillwash 

TP6 0,8 – 2,7 61 42 34 29 12 44 22 9.5 1.95 SC  Low 2076 10.7 9 6 5 < G9 Ferricrete 

TP9 1,1 – 2,0 99 94 87 74 33 51 30 13 0.45 CH High 1861 14.5 3 2 2 < G9 Residual shale 

TP15 0,2 – 1,4 100 99 95 85 34 42 19 8.5 0.21 CL Medium 1827 15.6 2 2 1 < G9 Residual shale 

Notes: 
 
LL : Liquid Limit GC : Gravel-sand-clay mixtures 
PI : Plasticity Index CL : Clay (medium PI) 
LS : Linear Shrinkage SC : Clayey sand 
GM : Grading Modulus CH : Clay (High PI) 
USC : Unified Soil Classification    
MDD : Maximum Dry Density    
OMC : Optimum Moisture Content    
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TABLE 2B : SUMMARY OF LABORATORY TEST RESULTS ON SOIL SAMPLES 
 

SAMPLE GRADING (%) PASSING) 
SIEVE SIZE (mm) 

ATTERBERG LIMITS 
(%) 

GM USC 
POTENTIAL 
EXPANSIVE

NESS 

IN SITU SHEAR STRENGTH 
PARAMETERS COEFFICIENT 

OF 
PERMEABILITY 

 
(cm/s) 

SOIL ORIGIN No. DEPTH 
(m) 

4,75 2,0  0,425   0,075 0,02 LL PI LS Dry 
Density 

 
(kg/m³) 

Soil 
Mois-
ture 
(%) 

� 
 
 

(º) 

Cohesion 
 
 

(kPa) 

TP3 1,5 – 1,7 100 99 97 73 25 37 16 8 0.31 CL Medium 1635 11.1 26 42 8,5 x 10-8 Residual Shale 

TP3 2,5 – 3,7 100 97 92 74 15 35 14 7 0.37 CL Medium - - 33* 13* 8,6 x 10-8 * Residual Shale 

TP3 3,0 – 3,2 100 100 99 94 14 35 16 8 0.07 CL Medium 1564 18.7 - - 5,2 x 10-6 Residual Shale 

TP6 0,8 – 2,7 61 42 34 29 12 44 22 9.5 1.95 SC  Low - - - - 2,7 x 10-8 * Ferricrete 

TP6 2,7 – 3,3 99 94 89 86 37 55 21 10 0.31  MH/CL Low to 
Medium 1674 18.6 - - 1,6 x 10-8 Residual Shale 

TP8 1,8 – 2,0 99 93 87 74 35 51 26 11.5 0.46 CH Medium to 
High 1675* 20.6 - - 8 x 10-9 Residual Shale 

TP9 1,1 – 2,0 99 94 87 74 33 51 30 13 0.45 CH High - - - - 1,4 x 10-8 * Residual Shale 

TP9 1,4 – 1,6 99 96 90 80 38 51 28 12.5 0.34 CH High 1599 23.7 - - 7,1 x 10-9 Residual Shale 

TP15 0,2 – 1,4 100 99 95 85 34 42 19 8.5 0.21 CL Medium - - - - 2,7 x 10-8 * Residual Shale 

 
 
LL : Liquid Limit CL : Clay (medium PI) 
PI : Plasticity Index SC : Clayey sand 
LS : Linear Shrinkage MH : Silt 
GM : Grading Modulus CH : Clay (High PI) 
USC : Unified Soil Classification    
MDD : Maximum Dry Density    
OMC : Optimum Moisture Content    
      
* Test conducted on remoulded sample densified to 95% of the modified AASHTO maximum dry density  – refer to Table 2A for density values. 
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