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1.

INTRODUCTION
This report deals with the geotechnical aspects associated with the capacity improvements
to the EB Cloete Interchange which also includes the section of the N2 from km 13.300
(south of EB Cloete) to km 20.720 (north of EB Cloete) and the section of the N3 from km
8.500 (east of EB Cloete) to km 17.540 (west of EB Cloete). The geotechnical aspects are
reported on in separate sections as follows:

•

A description of the general geological conditions along the route.

•

Geotechnical assessment of the cuts and bridge sites (excluding the EB Cloete
interchange) along the N2 section of the route.

•

Geotechnical assessment related to the founding conditions for the structural
changes to the EB Cloete interchange.

•

Geotechnical assessment of the cuts and bridge sites along the N3 section of the
route.

•

Geotechnical assessment related to the construction of retaining structures for fills
along both the N2 and N3 sections of the route.

2.

GENERAL GEOLOGICAL CONDITIONS ALONG THE ROUTE
Available geological maps (reference 1) indicate that the geological conditions summarized
in Table 2.1 occur along the route. This has been confirmed by reference to available
geotechnical data (mainly available borehole logs drilled at existing bridge locations) and
an inspection of visible rock outcrop and exposures (mainly in cuttings) along the route.
Table 2.1. Summary of geological conditions along the route.
Sequence

Group

Formation

Lithology

Karoo

Ecca

Pietermaritzburg

Shales

Shale

mudrocks

N2

Dwyka

Mainly tillite

Encountered along the N2

Karoo

Comment
and

Major rock type along the

and at the EB Cloete
interchange
Natal

Sandstone

Major rock type along the
N3

1

A copy of portion of the geological map for the Durban area (reference 1) is included in
Appendix A as Fig A1. All available information has been used been used to draw up a
route specific interpretation of geological conditions. This is presented as Figure A2 in
Appendix A.

3.

N2 PORTION OF THE ROUTE: GEOTECHNICAL ASSESSMENT OF CUTS AND
BRIDGES
The N2 portion of the route extends from km 13.300 (south of EB Cloete) to km 20.720
(north of EB Cloete). A specific geotechnical assessment for the EB Cloete Interchange is
not included in this section of the report and is dealt with separately in Section 4.

3.1

Geological / Geotechnical Conditions Along the N2 Portion of the Route
Pietermaritzburg shale of the Ecca Group, Karoo Sequence is the main rock type along the
N2 portion of the route. Sections of Dwyka tillite occur to the south of the EB Cloete
interchange in the vicinity of the Harry Gwala Road underpass and to the north of the
interchange in the vicinity of the Wandsbeck Road overpass. Natal Group sandstone is
present within and to the south of the EB Cloete interchange. The interpolated extent of
these rock types is shown in Figure A2 in Appendix A.
The Pietermaritzburg shales occur mainly as a rock (generally very soft rock through to
medium hard rock) and limited development of residual soils (silty clay and / or clayey silt)
and overlying transported soils is expected. The shales generally dip to the east. Dip
angles of between 5 degrees and 15 degrees have been measured on exposed shale in
2
the existing cuts. This is in accordance with the data given by Brink (1983) which indicates

that the dip angle could be between 3 degrees and 15 degrees. It is well known that under
certain circumstances there has been weathering along the bedding to form clayey gouge
material of low shear strength. Where this occurs the presence of low shear strength
gouge has a significant influence on the overall shear strength and engineering behaviour
of the rock mass.
The Dwyka tillite observed in the cuttings and exposures in the vicinity of the Harry Gwala
Road underpass and the Wandsbeck overpass is generally a medium hard rock to hard
rock. Highly weathered zones with lower strength and residual soils are probably present
near the crest of the cuttings.
Natal Group sandstones occur within and to the south of the EB Cloete interchange. These
sandstones generally occur as a slightly / medium weathered hard rock. In certain areas
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moderately to highly weathered zones are expected. Bedding and other joint sets are
prominent. Measurement of the bedding in the vicinity of the EB Cloete interchange
indicates a dip to the east of between 20 degrees to 25 degrees.
3.2

N2: Cuts Requiring Permanent Lateral Support
The majority of the existing cuts along the N2 route have been formed at a safe / stable
slope angle with no lateral support provided. The exceptions are sections of the cut
(western and eastern sides) to the south of Ridgeview Road overpass at about km 14.350
and sections of the cut (western side) to the south of the Clare Road overpass at about km
20.100. Guniting and rock bolting have been used in portions of the cut to the south of
Ridgeview Road. Permanent anchors have been installed on the west side of the cut to the
south of Clare Road. The geotechnical aspects for these two cuts are discussed in more
detail in Section 3.2.2 below.
In order to accommodate the proposed capacity upgrade it is necessary to revise the slope
geometry for the majority of the existing cuts. In certain instances it is possible to excavate
the new cuts at a safe / stable slope angle. The safe slope angle will be the same as has
been used for the existing cuts and no specific design assessment is required for these
cuts. For the majority of the existing cuts the revised geometry will generally result in a
reduction in the factor of safety in terms of overall or local slope stability and permanent
lateral support will be required to ensure stability of these cuts.

The preliminary

assessment of permanent lateral support for these cuts forms the main focus of this
section of the report.
For the geotechnical assessment the cuts have been divided into four categories as
follows:

•

Cuts in Dwyka tillite.

•

Cuts in the Pietermaritzburg shale formation for which a failure mechanism
associated with the bedding planes is considered to be the critical failure
mechanism.

•

Cuts in the Pietermaritzburg shale formation for which a failure mechanism
associated with the bedding planes is not considered to be the critical failure
mechanism.

•

Cuts in Natal Group sandstone.

A preliminary geotechnical assessment of the lateral support requirements for the cuts for
each of these categories is presented below:

3

3.2.1

Cuts in Dwyka Tillite
There is no specific evidence of overall or local instability within the existing cuts that have
been formed in the Dwyka tillite. Brink (1983) indicates that joint controlled wedge type
slope failures could occur in the tillite and that failures could occur along faults. None of
these mechanisms are evident in the existing slopes.
For the purposes of this preliminary design assessment it has been assumed that overall
stability of the slopes is controlled by the shear strength of the rock mass rather than the
properties of specific geological discontinuities (joints, faults, etc.). Local instability could
be controlled by such discontinuities but this will only become evident during actual
excavation of the cuts.
The following design procedures are recommended to determine lateral support
requirements for these cuts:

•

The existing cuts are assumed to be stable with a minimum factor of safety of 1.5.

•

A back analysis of the existing cut is carried out to determine shear strength
parameters applicable to the overall slope soil / rock mass.

•

The revised slope geometry is analyzed with the shear strength parameters
determined from the back analysis and lateral support requirements are decided
upon to restore the factor of safety of the cut to a minimum value of 1.5.

The preliminary design assessment indicates that the cuts in the Dwyka tillite given in
Table 3.1 will require permanent lateral support. An assessment of the lateral support
requirements is also presented in Table 3.1.
A preliminary lateral support design has been carried out for the cut at km 14.960 in order
to illustrate the nature of support that will be required for the cuts in Dwyka Tillite. The
design details are given in Figure B1 in Appendix B.
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Table 3.1. Cuts in Dwyka tillite that require permanent lateral support.

Location (km)
14.620

to

Visible conditions

Lateral support requirements

Medium hard rock / hard rock

Soil nails / rock bolts as permanent

15.060.

support.

West side

Reinforced gunite between soil nails /

15.400

to

Medium hard rock / hard rock

to

Medium hard rock

rock bolts as secondary support

15.560.
East side
19.480
19.980.
East side
3.2.2

Cuts in the Pietermaritzburg Shale Formation for Which Sliding Along the Bedding
is Considered to be the Critical Failure Mechanism.
As indicated in Section 3.1 it is well known that under certain circumstances low shear
strength clayey gouge material is present along the bedding planes in the Pietermaritzburg
shale. The bedding generally dips at between 5 degrees and 15 degrees to the east. Brink
(1983) indicates that in terms of effective stress the residual shear strength parameters of
the clayey gouge will be a cohesion of zero and an angle of friction of between 8 degrees
and 12 degrees. Taking this into consideration it is apparent that when the low strength
gouge is present sliding along the bedding will be a critical failure mechanism. From the
back analysis of previous failures (Brink, 1983) it has been shown that sliding could occur
along the bedding either within the rock mass or at the interface between the upper
residual soils and the underlying rock horizons.
From the investigation work that has been carried out the following two cuts have been
identified as falling within this category:

•

The cut slope on the western side between km 14.160 and km 14.480.
The bedding dips to the east out of the slope (downslope). At the base of this slope
dip angles of between 5 degrees and 14 degrees were measured. Although there is
no specific evidence of overall slope failure within this section of cut there is
evidence of local instability. Of concern is that certain portions of the slope have
been stabilized by the application of gunite to the slope face and there is also some
evidence that rock bolts may have been installed to improve stability. Of more
serious concern is that there is evidence of a minor slope failure at the top of the
slope at about km 14.400. The unstable conditions could be indicative of a rotational
failure along the bedding either within the upper rock mass or at the interface
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between the rock mass and the residual soils. The current situation at this cutting as
described above is illustrated in Figure 1 and Figure 2.

•

The cut slope on the western side between km 20.020 and km 20.320.
Slope stabilization procedures, which from a visual assessment comprise permanent
anchors, have already been installed in this slope at about km 20.100. This is
illustrated in Figure 3. This slope is in an area which is well known for potential
slope instability within the Pietermaritzburg shales.

For this failure mechanism a suitably designed soil nail system as primary lateral support
coupled with a reinforced gunite facing as secondary support is considered to be an
acceptable lateral support system to stabilize the cut slopes. Preliminary lateral support
designs have been carried out for the cuts at km 14.380 and 20.100 in order to illustrate
the nature of the support that will be required for cuts with this failure mechanism in the
Pietermaritzburg shale. The design details are given in Figure C1 and Figure C2 in
Appendix C.
For the detailed design an assessment of slope stability and lateral support requirements
must be carried out for the western section of slope below the Clare Road bridge at km
20.260. There will be a change in slope geometry below the bridge. Available drawings
indicate that the arch for the bridge is founded within the slope. A detailed assessment of
slope stability and lateral support requirements must be carried out for the revised slope
geometry taking into account the surcharge loads applied by the arch foundation.

Figure 1. Gunite and rock bolt support. Western slope at about km 14.350.
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Figure 2. Slope failure. Western slope at about km 14.400

Figure 3. Existing slope support (permanent anchors) at km 20.100.
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3.2.3

Cuts in the Pietermaritzburg Shale Formation for Which Sliding Along the Bedding
is not Considered to be the Critical Failure Mechanism
The following criteria have been applied to identify cuts that fall within this category:

•

All cuts on the eastern side of the route. For these cuts the bedding dips into the
slope. For the purposes of this preliminary design assessment it has been assumed
that overall stability of these cuts is controlled by the shear strength of the rock mass
rather that the properties of specific geological discontinuities (bedding, joints, faults,
etc.). Local instability could be controlled by such discontinuities but this will only
become evident during actual excavation of the cuts. The same procedures as
described in Section 3.2.1 for the cuts in the Dwyka tillite have been adopted to
carry out a preliminary design assessment to determine lateral support requirements
for these cuts.

•

Cuts on the western side of the route where there is no evidence of overall or local
failures and where inspections of the existing cut faces / exposures do not indicate
that weathering on the bedding has resulted in the development of a low strength
clayey gouge material. A typical illustration of this situation is shown in Figure 4. A
similar design procedure to that described in Section 3.2.1 for the cuts in the Dwyka
tillite has been adopted for these cuts. Although sliding along the bedding is not
considered to be a critical failure mechanism, potential failure along the bedding still
requires a design assessment. This failure mechanism as well as a shear failure
within the overall rock mass has therefore also been considered in the back analysis
of the existing slopes and in the preliminary design assessment of lateral support
requirements.
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Figure 4. Cut in Pietermaritzburg shale on western side of the route at km 13.700.
Bedding dipping out of the face and a vertical joint which would allow separation for
a planar mode of failure along the bedding.
The preliminary design assessment indicates that the cuts in the Pietermaritzburg shale
given in Table 3.2 will require permanent lateral support.
A lateral support system comprising soil nails as primary support and reinforced gunite as
secondary support is considered appropriate for these cuts.
Preliminary lateral support designs have been carried out for the cuts at km 13.700
(western side), 14.380 (eastern side) and 20.240 (eastern side) in order to illustrate the
nature of the support that will be required for cuts with this failure mechanism in the
Pietermaritzburg shale. The design details are given in Figure D1, Figure D2 and Figure
D3 in Appendix D.
Table 3.2 Cuts that require permanent lateral support. Pietermaritzburg shale for
which sliding on the bedding is not considered to be a likely failure mechanism.

Location (km)

Visible geotechnical conditions

13.480 to 14.100

Soft rock shale. Bedding dipping at 15 degrees to the east.

West side

No evidence of gouge formation on the bedding.
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Table 3.2 Continued

14.160 to 14.480

Medium hard rock shale.

East side

17.680 to 17.800

Geotechnical conditions not visible.

Both sides

Expected to be soft / medium hard rock shale.

17.800 to 17.900

Geotechnical conditions not visible.

East side

Expected to be soft / medium hard rock shale.

18.000 to 18.260

Soft / medium hard rock shale. Bedding dipping at 10 to 15 degrees

West side

to the east. No evidence of gouge formation on the bedding.

18.400 to 18.620

Soft rock shale. Bedding dipping at 10 to 15 degrees to the east.

Both sides

No evidence of gouge formation on the bedding.

18.620 to 18.740

Soft rock shale.

East side
18.880 to 19.040

Limited visual exposure of existing cut slope.

East side

Expected to be soft / medium hard rock shale.

19.060 to 19.160

Limited visual exposure of existing cut slope.

Both sides

Expected to be soft / medium hard rock shale.

19.160 to 19.280

Limited visual exposure of existing cut slope.

East side

Expected to be soft / medium hard rock shale.

20.020 to 20.320

Soft / medium hard rock shale.

East side
20.380 to 20.700

Soft / medium hard rock shale.

East side

As indicated in Section 3.2.2 the detailed design must include a specific assessment of
slope stability and lateral support requirements for the western section of slope below the
Clare Road bridge at km 20.260. This recommendation is also applicable to the revised
slope geometry below the eastern section of slope below Clare Road.
3.2.4

Cuts in the Natal Group Sandstone
For the preliminary design assessment the cuts in the Natal Group Sandstone have been
classified in terms of weathering conditions and rock hardness as follows:

•

Category 1. Slightly / medium weathered and hard rock. These are cuts where
outcrop is clearly evident and the visible conditions are expected to occur to the top /
crest of the cut slope. A typical view of such a cut along the N2 is shown in Figure 5.
In general terms overall slope stability is not considered to be of concern for these
10

slopes. Although the bedding dips to the east the dip is relatively shallow and sliding
on the bedding is therefore not considered to be a likely failure mechanism. Local
stability is the main design consideration and will be controlled by the extent, nature
and orientation of joints and other discontinuities within the rock mass. Local stability
can be controlled by the installation of rock bolt support and the use of gunite if
considered necessary. For the preliminary design assessment for these slopes it is
necessary to make an allowance for rock bolting and gunite. The actual support
requirements for these slopes will have to be decided upon by carrying out a specific
design assessment after the slopes have been excavated.

•

Category 2. Mixture of highly weathered and very soft rock / soft rock and slightly /
medium weathered and hard rock. These are cuts where outcrop indicating slightly /
medium weathered conditions (Category 1 conditions) are only partially visible and
generally near the base of the cutting. For the preliminary design assessment it is
assumed that highly weathered conditions either occur locally within the cut or from
the level of visible outcrop to the top of the cut slope. For new cut profiles formed
only within the lower slightly / medium weathered portion of the slope a general
allowance should be made for local rock support and gunite as described above for
the Category 1 slopes. A specific design assessment will be required for new cuts
which extend into the upper weathered portion of the slope. Slope stability will be
controlled by the shear strength of the overall soil / rock mass rather than specific
discontinuities. For preliminary design purposes the procedures described above in
Section 3.2.1 have been used to assess lateral support requirements for the upper
weathered section of these cuts.

•

Category 3. Completely to highly weathered sandstone. These are cuts which are
assumed to have been formed in a residual soil with the possibility of bands or
zones of very soft rock / soft rock being present. Slope stability will be controlled by
the shear strength of the overall soil / rock mass rather than specific discontinuities.
Specific design assessment will be required for revised slope geometries for these
cuts. For preliminary design purposes the procedures described above in Section
3.2.1 have been used to assess lateral support requirements for these cuts.

The cuts in Natal Group sandstone along this section of the route have been classified in
accordance with the system described above. This is presented in Table 3.3 together with
preliminary design recommendations.
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Table 3.3. Cuts in Natal Group Sandstone.

Location (km)

Category and preliminary design recommendations

15.680 to 15.840

No visible outcrop. Assumed to be Category 3.

Both sides

Soil nails as primary support. Reinforced Gunite as
secondary support between the soil nails.

16.000 to 16.220
East side
16.460 to 16.620

Sandstone outcrop clearly visible. Assessed to be

East side

Category 1.

16.720 to 16.800

Localized rock bolt support and gunite.

East side
17.400 to 17.600
East side
Ramp G EB Cloete
East Side

Figure 5. Typical Category 1 slope in Natal Group sandstone at km 16.650.
3.3

N2: Bridges
In order to accommodate the proposed capacity upgrade it is necessary to carry out
extensive reconstruction of the existing bridges. In certain instances new bridges will be
constructed. The available information has been used to carry out an assessment of the
12

geological / geotechnical conditions at each of the bridges and to carry out a preliminary
assessment of the foundation requirements for the new structures.
A preliminary assessment of the expected geological / geotechnical conditions at each of
the bridges is summarized in Table 3.4.
Table 3.4. Preliminary assessment of the expected geological / geotechnical
conditions at the bridges.

Bridge

Expected geological / geotechnical conditions

Ridgeview Road

Shale, Pietermaritzburg Formation.

Overpass

Residual soils and weathered shale to a maximum depth of about
10.0m.
Medium hard rock shale (“blue shale”) at about 10.00m

Harry

Gwala

Tillite, Dwyka Formation.

Road

Variable depth of residual soils and weathered tillite. The tillite rock

Underpass

(“blue tillite”) occurs at a greater depth on the south side.

Wiggins Road

Sandstone, Natal Group. Certain of the boreholes drilled for the

Underpass

existing bridge indicate the possible presence of dolerite intrusion. A
highly variable weathering profile occurs within both the sandstone
and dolerite.

King Cetshwayo

Shale, Pietermaritzburg Formation. Shale of rock quality (very soft

Overpass

rock or better) expected at a relatively shallow depth (less than 2.0m).

Wandsbeck

Tillite, Dwyka Formation. Tillite of rock quality (very soft rock or better)

Overpass

expected at a relatively shallow depth (less than 2.0m). Medium hard
rock tillite evident in cutting in front of eastern bridge abutment.

Clare Road

Shale, Pietermaritzburg Formation. Soft rock / medium hard rock shale

Overpass

evident in cut below bridge on both sides.

The foundation details for the existing bridges and a summary of the preliminary
assessment of the foundation requirements for the revised / new structures are
summarized in Table 3.5.
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Table 3.5. Foundations for existing bridges and preliminary assessment of the
foundation requirements for revised / new structures.

Bridge

Existing foundations

Expected foundation requirements
for the revised / new structure

Ridgeview Road

Abutments founded on bored

Existing

overpass

piles.

abutments are able to carry the

Two of the piers (including

increase in design loads.

the central pier) on bored

Micro piles are proposed to improve

piles.

the load capacity of the overall pile

One pier on spread footing.

group for the central pier.

Abutments

Spread footings for abutments and

Harry

Gwala

and

Road

spread footings.

underpass

Footings

piers

on

piled

foundations

for

piers on north side.

founded

at

a

Bored piles to allow for more deeply

greater depth on south side.

weathered conditions on south side.

Wiggins Road

Abutments

Abutment

underpass

footings on residual and / or

footings on residual and / or rock

rock quality sandstone or

quality sandstone or dolerite.

on

spread

extensions

on

spread

dolerite.
King Cetshwayo

Abutments

and

overpass

spread footings.

piers

on

Existing footings for abutments are
able to carry the increase in design
loads.
The load capacity of the central pier
foundation will be improved with the
use of micro piles or by increasing the
size of the foundation.

Wandsbeck

Abutments

and

overpass

spread footings.

piers

on

New bridge. For preliminary design
allow for spread footings on very soft
rock tillite.

Clare Road

Foundations for arch in shale

No changes to the structure.

overpass

within the existing slope

Detailed assessment of slope stability
and lateral support requirements to be
carried out. See Sections 3.2.2 and
3.2.3.
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4.

FOUNDATION ASSESSMENT FOR STRUCTURAL CHANGES AT THE EB CLOETE
INTERCHANGE
Extensive structural changes will be carried out at the EB Cloete interchange. The
following considerations are applicable in terms of geotechnical requirements.

•

Foundations for a new arch structure that will span across the interchange. This arch
structure will provide a new mid span support, by means of cable stays, to the
existing frame structure located between and parallel to the N2 bridges.

•

New foundations for the structural modification of the trestle beam that forms part of
the existing frame structure located between and parallel to the N2 bridges.

•

Possible upgrading and strengthening of the pier foundations to allow for additional
loads associated with the widening of the N2 bridges, the N3 bridges and Ramps A
and B bridges.

4.1

Geological and Geotechnical Conditions
Available borehole information coupled with a visual assessment of site conditions have
been used to carry out an assessment of the geological and associated geotechnical
conditions.
The EB Cloete interchange is underlain by Natal Group sandstone. From the available
borehole logs it is apparent that in certain areas tillite and shale of the Dwyka Formation,
Karoo Sequence overlies the Natal Group sandstone. The tillite occurs in the north western
section of the interchange and the shale in the central and south west section of the
interchange. The presence of the Dwyka tillite and shale seems to be associated with
extensive down thrust faulting that has occurred in the area. The interpolated extent of the
tillite and shale is shown in Figure E1 in Appendix E.
An assessment of founding solutions for the existing structures indicates that conventional
spread footings have generally been adopted in the areas underlain by Natal Group
sandstone and piled foundations have been adopted in the areas underlain by Dwyka
shale. It is anticipated that the same general principle will apply to any new foundations.

4.2

Foundations for the New Arch Structure
It is anticipated that both the northern and southern pairs of foundations for the new arch
structure will be underlain by Natal Group sandstone.

15

At the positions of the northern arch foundations available borehole logs indicate that
sandstone rock (soft rock to medium hard rock) can be expected at depth of about 3.0m
below existing ground surface. From this preliminary assessment it is therefore apparent
that it should be possible to adopt conventional spread footings for the northern legs of the
arch.
The available borehole logs indicate the possibility of a deeper weathered profile at the
position of the southern arch foundations. This deeper weathering may be associated with
the presence of the nearby contact with the Dwyka shale. It is anticipated that very soft
rock sandstone could occur at between 3.0m and 5.0m below existing ground surface. This
preliminary assessment therefore indicates that for the design of these foundations it may
be necessary to adopt a lower bearing pressure compared to the northern foundations.
Relatively deep foundation excavations may also be required. Depending on the depth to a
suitable sandstone rock founding horizon it may be necessary to consider adopting a piled
foundation solution for the southern arch foundations.
4.3

New Foundations for the Trestle Beam
The existing frame structure straddles a contact zone between the Natal Group sandstone
and the sequence comprising Dwyka shale overlying Natal Group sandstone. This is
reflected by the founding solutions adopted for the existing structure. The northern leg of
the frame is underlain by Natal Group sandstone and a conventional spread footing
founded on sandstone rock has been adopted for this leg. The central and southern legs of
the frame are immediately underlain by Dwyka shale. Piled foundations, probably drilled
through the shale to the underlying sandstone have been adopted for these legs.
The same foundation solutions (spread footing for the northern leg and piles for the
southern leg) will be adopted for the new foundations for the structurally modified trestle
beam.

4.4

Strengthening of the Pier Foundations for Widening the N2 Bridges, N3 Bridges and
Ramps A and B Bridges
Either conventional spread footings (in the areas underlain by sandstone) or piled
foundations (in the areas underlain by shale) have been adopted for the existing N2
bridges, N3 bridges and Ramps A and B bridges.
It is anticipated that certain of the pier foundations may have to be strengthened to allow
for the additional loads associated with the widening of these structures. It is proposed to
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carry out this strengthening by extending the existing foundations and / or by the
installation of micro piles.

5.

N3 PORTION OF THE ROUTE: GEOTECHNICAL ASSESSMENT OF CUTS AND
BRIDGES
The N3 portion of the route extends from km 8.500 (east of EB Cloete) to km 17.540 (west
of EB Cloete) and also includes a section of the M13 in the vicinity of the Paradise Valley
Interchange. A specific geotechnical assessment for the EB Cloete Interchange is not
included in this section of the report and has been dealt with separately in Section 4.

5.1

Geological Conditions Along the Route
The section of the N3 portion of the route is essentially underlain by Natal Group
Sandstone. Tillite and shale of the Dwyka Formation occurs locally within the EB Cloete
interchange. The interpolated extent of the tillite and shale is shown in Figure A2 in
Appendix A and Figure E1 in Appendix E. The presence of the Dwyka tillite and shale
within the EB Cloete interchange is however not specifically relevant to the geological /
geotechnical assessment of the remainder of the N3 portion of the route.
From an assessment of available data (boreholes at existing bridge sites) and a visual
inspection of the existing cut slopes it is apparent that a variable weathering pattern occurs
within the Natal Group sandstones. In certain areas these sandstones generally occur as a
slightly / medium weathered hard rock from close to existing ground surface. In many
areas upper moderately to highly weathered zones are expected. These upper zones
generally extend to depths of about 5.0m but are expected to occur locally to depths of up
to about 10.0m. These upper moderately to highly weathered zones are expected to
comprise residual sandstone and / or a mixture of residual sandstone and very soft rock
sandstone.
Bedding and other joint sets are prominent within the visible sandstone rock exposures.
Measurement of the bedding indicates a dip to the east of between 20 degrees to 25
degrees.

5.2

N3: Cuts
The existing cuts along the N3 route have all been formed in Natal Group Sandstone. The
majority of these cuts have been formed at a safe / stable slope angle with no lateral
support provided. In many instances these cuts have been formed in sandstone rock and
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cut at relatively steep angles. An assessment of the existing cuts indicates that in certain
areas it has apparently been necessary to stabilize the slopes by construction a retaining
wall. This has probably been required where steep cut angles have been formed in the
highly weathered upper zone of sandstone.
In order to accommodate the proposed capacity upgrade it is necessary to revise the slope
geometry for the majority of the existing cuts. A geotechnical assessment of the revised
slope geometry needs to be carried out to assess whether permanent lateral support is
required. A preliminary assessment of these requirements is presented in this report.
As indicated above, available preliminary information indicates that all cuts along this
section of the route have been formed in Natal Group Sandstone. A visual inspection of all
cuts along the route has been carried out. For this preliminary design assessment the
results of this inspection have been used to classify the cuts in accordance with weathering
conditions and rock hardness as described above in Section 3.2.4. For ease of reference
the basis of this classification system is repeated below:

•

Category 1. Slightly / medium weathered and hard rock. These are cuts where
outcrop is clearly evident and the visible conditions are expected to occur to the top /
crest of the cut slope. A typical view of such a cut along the N2 is shown in Figure
5. In general terms overall slope stability is not considered to be of concern for these
slopes. Although the bedding dips to the east the dip is relatively shallow and sliding
on the bedding is therefore not considered to be a likely failure mechanism. Local
stability is the main design consideration and will be controlled by the extent, nature
and orientation of joints and other discontinuities within the rock mass.

Local

stability can be controlled by the installation of rock bolt support and the use of
gunite if considered necessary. For the preliminary design assessment for these
slopes it is necessary to make an allowance for rock bolting and gunite. The actual
support requirements for these slopes will have to be decided upon by carrying out a
design assessment after the slopes have been excavated.

•

Category 2. Mixture of highly weathered and very soft rock / soft rock and slightly /
medium weathered and hard rock. These are cuts where outcrops indicating slightly
/ medium weathered conditions (Category 1 conditions) are only partially visible and
generally near the base of the cutting. For the preliminary design assessment it is
assumed that highly weathered conditions either occur locally within the cut or from
the level of visible outcrop to the top of the cut slope. For new cut profiles formed
only within the lower slightly / medium weathered portion of the slope a general
allowance should be made for local rock support and gunite as described above for
the Category 1 slopes. A specific design assessment will be required for new cuts
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which extend into the upper weathered portion of the slope. Slope stability will be
controlled by the shear strength of the overall soil / rock mass rather than specific
discontinuities. For preliminary design purposes the procedures described above in
Section 3.2.1 have been used to assess lateral support requirements for the upper
weathered section of these cuts.

•

Category 3. Completely to highly weathered sandstone. These are cuts which are
assumed to have been formed in a residual soil with the possibility of bands or
zones of very soft rock / soft rock being present. Slope stability will be controlled by
the shear strength of the overall soil / rock mass rather than specific discontinuities.
Specific design assessment will be required for revised slope geometries for these
cuts. For preliminary design purposes the procedures described above in Section
3.2.1 have been used to assess lateral support requirements for these cuts.

The cuts in Natal Group sandstone along this section of the route have been classified in
accordance with the system described above. This is presented in Tables 5.1 to 5.3
together with preliminary design recommendations.
Table. 5.1. Cuts classified as Category 1.
Location (km)

Comment

10.500 to 10.580: Both
sides
10.580 to 10.940: South

Assessed as Category 1.

11.080 to 11.340: South

Sandstone outcrop generally visible within the existing cut

12.360 to 12.540: North

faces.

12.540 to 12.660: Both
sides
12.760 to 12.920: North
13.040 to 13.180: North
Note: As a preliminary lateral support assessment, allowance should be made for localized
rock bolting and localized gunite / shotcrete.
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Table. 5.2. Cuts classified as Category 2.

Location (km)

Comment

9.320 to 9.740

Upper weathered sandstone with hard rock outcrop at base.

Both sides
10.940 to 11.080

Hard rock sandstone outcrop visible at eastern end of the

North

cutting.
Possible that sandstone becomes more weathered within the
western section of the cutting.

11.400 to 11.640

Hard rock sandstone visible in places. Probably a mixture of

North

hard rock and more weathered sandstone.

11.640 to 11.780

Hard rock sandstone outcrop evident on south side. Probably a

Both sides

mixture of hard rock and more weathered sandstone.

13.180 to 13.300

Hard rock outcrop visible at +/- 13.200. Probably a mixture of

Both sides

hard rock and more weathered sandstone.

13.300 to 13.800

Hard rock outcrop visible at +/- 13.400.

North

Possible that sandstone becomes more weathered from +/13.450

13.880 to 13.940

No sandstone rock outcrop visible. Expect sandstone rock near

North

the bottom of the cutting.

15.280 to 15.300

Hard rock sandstone evident in sections of the cutting.

Both sides

Probably a mixture of hard rock and more weathered
sandstone.

15.400 to 15.520

No sandstone rock outcrop visible. Expect sandstone rock near

Both sides

the bottom of the cutting.

15.520 to 15.680

No sandstone rock outcrop visible. Expect sandstone rock near

South

the bottom of the cutting.

16.180 to 16.460

Hard rock sandstone outcrop evident at +/- 16.450. Probably a

Both sides

mixture of hard rock and more weathered sandstone.

M13 20 to 240 North

Sandstone outcrop is evident over a large portion of the
existing cut. The sandstone is closely jointed and pater bolting
rather than isolated rock bolts may be required. Classified as a
category 2 for this reason

Note: As a preliminary lateral support assessment, allowance should be made for soil
nailing and guniting at a specific pattern over the highly weathered portion of the cut and
localized rock bolting and localized gunite over the slightly / medium weathered and hard
rock portion of the cut. A typical assessment of lateral support requirements has been
carried out for the cuts at km 11.760 (north) and km 15.460 (south). These are presented
in Figure F1 and Figure F2 in Appendix F.
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Table. 5.3. Cuts classified as Category 3.

Location (km)

Comment

8.520 to 8.860: North
9.020

to

9.120:

Both

sides
11.340 to 11.400: Both
sides
11.780 to 11.840: North

Assessed as Category 3 (completely to highly weathered

12.100 to 12.240: North

sandstone).

12.300 to 12.340: South
14.060 to 14.160: North

Soil nails and gunite recommended as permanent lateral

14.420 to 14.460: North

support to provide stability for revised slope geometry

14.460 to 14.620: Both
sides
15.120 to 15.240: North
15.300 to 15.400: South
16.100 to 16.180: South
16.860 to 16.900: Both
sides
16.920 to 17.200: South
M13: 0.220 to 0.340:
North of new westbound
carriageway
M13: 0.740 to 0.960:
North side of reserve and
north

side

of

new

westbound carriageway
M13: 0.960 to 1.000:
North side of reserve
M13: 1.080 to 1.340:
North side of reserve
Note: As a preliminary lateral support assessment, allowance should be made for soil
nailing and guniting to provide stability for the revised slope geometry.

A typical

assessment of lateral support requirements has been carried out for the cuts at km 8.820
(north) and km 16.160 (south).

These are presented in Figure G1 and Figure G2 in

Appendix G.
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5.3

N3: Bridges
In order to accommodate the proposed capacity upgrade it is necessary to carry out
extensive reconstruction of the existing bridges. In certain instances new bridges will be
constructed. The available information has been used to carry out an assessment of the
geological / geotechnical conditions at each of the bridges and to carry out a preliminary
assessment of the foundation requirements for the new structures.
A preliminary assessment of the expected geological / geotechnical conditions at each of
the bridges is summarized in Table 5.4.
Table 5.4. Preliminary assessment of expected geological / geotechnical conditions
at the bridges.

Bridge

Expected geological / geotechnical conditions

Candella Road

Deeply weathered profile. Residual soils and weathered sandstone to

Overpass

a depth of about 12.0m to 15.0m below level of Candella Road (about
6.0m to 9.0m below the level of the N3). Soft to medium hard rock
sandstone below this level.
Certain of the borehole descriptions indicate that Dwyka tillite may be
present in localized areas.

Bristol Road

Deeply weathered profile. Residual soils and weathered sandstone to

Overpass

a depth of about 12.0m to 15.0m below level of Bristol Road (about
6.0m to 10.0m below the level of the N3). Probably soft to medium
hard rock sandstone below this level.

Rockdale Road

Residual soils and weathered sandstone to a depth of about 5.0m

Overpass

below level of Rockdale Road (at or at a nominal depth below the level
of the N3). Probably soft to medium hard rock sandstone below this
level.

Westville

Thin layer of residual soils with soft to medium hard rock sandstone at

Viaduct

a depth of 2.0m to 3.0m.

Spine Road

Residual soils and weathered sandstone to a depth of about 5.0m

Overpass

below level of Spine road (at or at a nominal depth below the level of
the N3). Probably soft rock sandstone below this level.

Langford

No boreholes available. Expect sandstone rock at a relatively shallow

Overpass

depth below the level of the N3.

Lancaster

Moderately to deeply weathered profile with variable depth to

Overpass

sandstone rock. Residual soils and weathered sandstone to depth of
between 8.0m (southern side) and greater than 20.0m (north side)
below the level of the N3.
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Table 5.4 Continued
Dudley

Deeply weathered profile. Residual soils and weathered sandstone to

Underpass

a depth of about 20.0m below level of Dudley Road. Probably soft
rock sandstone below this level.

Paradise Valley

No boreholes available. Expect sandstone rock at a relatively shallow

Viaduct

depth below existing ground surface.

Paradise Valley

No boreholes available. Expect sandstone rock at a relatively shallow

Interchange

depth below existing ground surface.

ramps
Eden Road

No boreholes available. Expect sandstone rock at a relatively shallow

Overpass

depth below existing ground surface.

The foundation details for the existing bridges and a summary of the preliminary
assessment of the foundation requirements for the new structures are summarized in
Table 5.5.
Table 5.5. Foundations for existing bridges and preliminary assessment of the
foundation requirements for new structures.

Bridge

Existing foundations

Expected foundation requirements for
the revised / new structure

Candella

Abutments

and

piers

on

New

bridge

to

be

constructed.

Road

spread footings. Probably on

Foundations could be spread footings on

Overpass

residual sandstone

residual sandstone with relatively low
bearing pressures. An alternative will be
to adopt piled foundations.

Bristol Road

Abutments and piers on bored

Extensive

changes

to

the

north

Overpass

piles. Probably designed in

abutment. A concrete cell structure is

end bearing on soft to medium

required for stability. This will be founded

hard rock sandstone.

on piles designed to resist tension. Piles
will have to be socketted into the
sandstone rock.
Small additional loads will be imposed on
the piers and the south abutment. This is
considered to be acceptable.
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Rockdale

Abutments and piers founded

New abutments and piers founded on

Road

on spread footings probably

spread footings.

Overpass

on soft to medium hard rock

rock sandstone expected at founding

sandstone.

level.

Soft to medium hard

The existing footing for the central pier
will probably require strengthening by
increasing the size of the footing.
Westville

Abutments and piers founded

Spread footings on sandstone rock for

Viaduct

on spread footings probably

the piers and the eastern abutment.

on soft rock to medium hard

Due to the presence of a high fill piled

rock sandstone.

foundations taken to sandstone rock will
be required for the western abutment.

Spine Road

The

existing

Overpass

founded on spread footings

considered.

probably

foundations on soft rock sandstone can

on

structure
soft

is
rock

sandstone.

New

single

span

bridge

Anticipated

is

that

being
spread

be adopted.

Langford

Abutments

and

piers

on

New abutments founded on spread

Road

spread footings. Probably on

footings. Soft to medium hard rock

Overpass

soft rock sandstone

sandstone expected at founding level.
The existing footing for the central pier
will probably require strengthening by
increasing the size of the footing.

Lancaster

Abutments and piers on bored

The existing pile group for the central

Road

piles. Probably designed in

pier will have to be strengthened by the

Overpass

end bearing on soft to medium

addition of new piles.

hard rock sandstone.
Dudley Road

Abutments and piers on piles.

New piled foundations will be required for

Underpass

Probably

the widening of the structure.

designed

in

end

bearing on soft to medium
hard rock sandstone.
Paradise

Abutments and piers founded

Spread footings on sandstone rock for

Valley

on spread footings probably

the piers and the eastern abutment.

Viaduct

on soft rock sandstone.

Due to the presence of a high fill piled
foundations taken to sandstone rock will
be required for the western abutment.
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Paradise

The

existing

pier

foundations

may

Valley

Abutments and piers, except

require strengthening by increasing the

Interchange

for pier 2 on Ramp A, founded

size of the footing or by the installation of

Ramps A & B

on spread footings probably

micro piles.

Paradise

on soft rock sandstone. Piled

New ramp structures.

Valley

foundations

Sandstone rock expected at a shallow

Interchange

adopted for pier 2 on Ramp A.

Ramps

have

been

A1&

founded

B1
Eden Road

depth. Abutments and piers to be
on

spread

footings

on

sandstone rock.
New bridge.

New bridge.

Overpass

Sandstone rock expected at a shallow
depth. Abutments and piers to be
founded

on

spread

footings

on

sandstone rock.

6.

N2 AND N3: RETAINING STRUCTURES FOR FILLS
The existing fills along the route have been constructed at a safe / stable slope angle and
no retaining structures have been provided. In order to accommodate the proposed
capacity upgrade it is necessary to revise the slope geometry for the majority of the
existing fills. In certain instances this revision in slope geometry can be accommodated by
constructing a new fill slope at a safe / stable slope angle. Standard design procedures will
be adopted for these sections of fill and no specific geotechnical assessment is required.
There are, however, sections where the construction of retaining structures are required to
accommodate the revised slope geometry due to road reserve or other restrictions
(existing drainage structures for example). These situations are considered in this section
of the report.
For the purposes of assessing the type of retaining structure that would generally be
applicable for different geometric and geotechnical conditions it is considered convenient
to evaluate applicable retaining structures in terms of a classification system. A proposed
classification system in this regard is presented in Table 6.1. This system is based on the
proposals by O’Rourke and Jones (1990)4. Typical applications for the various retaining
systems are also given in Table 6.1.
For preliminary design purposes the details given in Table 6.1 can be used to decide on
suitable fill retaining structures for expected site conditions.
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Table 6.1. Classification system and typical applications for retaining structures for
fills.

Externally Stabilized Systems
External structural wall against which stabilizing forces are mobilized
Description

Typical applications

Reinforced concrete

Areas where a rigid and robust retaining structure is required.

cantilever walls

Generally good founding conditions (in situ residual soils and / or
rock) are required.
Site geometric circumstances and access considerations will
generally rule out the economic use of piled foundations

Contiguous

piled

Piles installed from the top of existing fill and designed to cantilever.

walls

Specialized application where there is no other practical alternative.

Block gravity walls

Designed as a conventional gravity wall retaining structure.
Flexible structure and therefore suited to moderate / poor founding
conditions. Could be founded in existing fill.
Generally only applicable when a limited height of soil needs to be
retained. Taking into consideration the normal slope geometry that
needs to be retained and typical surcharge loads retained heights
should generally not exceed 2.0m.

Gabion gravity walls

Designed as a conventional gravity wall retaining structure.
Flexible structure and therefore suited to moderate / poor founding
conditions. Could be founded in existing fill.
Generally only applicable when a moderate height of soil needs to
be retained. Taking into consideration the normal slope geometry
that needs to be retained and typical surcharge loads retained
heights should generally not exceed 4.0m.

Internally Stabilized Systems
Requires the installation of reinforcing elements within the fill to mobilize stabilizing forces.
Description

Applicability

Reinforced earth

Well known and established patented system suitable for many
applications.
Constructed bottom up as part of a conventional fill operation.
Space / geometry is therefore often a limiting factor.
Good quality fill is required for construction.
For conventional applications sufficient space is also required to
install the strip reinforcement.
A combination of reinforced earth and soil nails can be used where
there

is

not

sufficient

reinforcement.
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space

to

install

conventional

strip

Table 6.1 Continued

Soil nails

Soil nails as primary support. Generally reinforced gunite as
secondary support. Other secondary support systems such as
gabions can be adapted.
Constructed top down and is therefore suitable when space /
geometry is a restriction for other systems.
Requires relatively stable soil conditions to form benches for
construction and for drilling of soil nails.
Depending on the quality of the fill maximum retained heights will
vary from 6.0m (poor to moderate quality fill) to 9.0m (good quality
fill).

Block walls with soil

Similar application to reinforced earth.

reinforcement

Geofabric reinforcement used for internal stabilization with a block

Gabion walls with

or gabion wall as a secondary support / facing element.

soil reinforcement

Constructed bottom up as part of a conventional fill operation.
Space / geometry is therefore often a limiting factor.
For conventional applications sufficient space is also required to
install the strip reinforcement.
Maximum retained height of the order of 9.0m with the use of a
good quality fill material.

References:
1.

The Geology of the Durban Area. Sheet 2930 DD and 2931 CC. Council for Geoscience,
South Africa

2.

Brink. A. B. A (1983). Engineering Geology of Southern Africa. The Karoo Sequence.
Building Publications Pretoria.

3.

Brink. A. B. A (1981). Engineering Geology of Southern Africa. Rocks of 2000 to 300
Million Years in Age. Building Publications Pretoria.

4.

O’ Rourke. T. D. and Jones. C. F. J. P. (1990). An Overview of Earth Retention Systems
1970-1990. ASCE Specialty Conference on Earth Retaining Structures, Cornell.

27

APPENDIX A
GEOLOGICAL MAPS

APPENDIX B
PRELIMINARY DESIGN OF LATERAL SUPPORT IN
CUTTINGS IN DWYKA TILLITE

APPENDIX C
PRELIMINARY DESIGN OF LATERAL SUPPORT IN
CUTTINGS IN PIETERMARITZBURG SHALE
(Critical Failure Mechanism : Sliding along the Bedding).

APPENDIX D
PRELIMINARY DESIGN OF LATERAL SUPPORT IN
CUTTINGS IN PIETERMARITZBURG SHALE
(Critical Failure Mechanism : Other than Sliding along the
Bedding)

APPENDIX F
PRELIMINARY DESIGN OF LATERAL SUPPORT IN
CUTTINGS OF NATAL GROUP SANDSTONE
(Category 2)

APPENDIX E
EXTENT OF TILLITE AND SHALE AT
THE EB CLOETE INTERCHANGE

APPENDIX G
PRELIMINARY DESIGN OF LATERAL SUPPORT IN
CUTTINGS OF NATAL GROUP SANDSTONE
(Category 3)

