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FROM THE PRESIDENT’S DESK

The Minister announced the following debt relief 
packages�for State-Owned Companies (SOCs) and 
municipalities:

 �Q Eskom has been allocated a total debt-relief arrangement of 
R254�billion split into two components, R184 billion being 
Eskom’s full debt settlement over the medium term and R70 bil-
lion being a direct takeover of Eskom’s loan portfolio in 2025/26.

 �Q The South African Airways was allocated R1 billion to assist 
the carrier with its ongoing business rescue process.

 �Q The South African Post Office was allocated R2.4 billion.
 �Q National Treasury was scheduled to publish details for 

municipalities to access their debt relief in March 2023, with 
implementation planned to start from 1 April. This municipal 
debt predominantly refers to revenue owed to Eskom for non-
payment of services.

During his budget speech Minister Godongwana spoke about strict 
conditions accompanying these allocations to ensure sustainability, 
accountability and transparency, stating that, “if the conditions are 
not met, the money will not flow”. However, there have always been 
conditions tied to debt relief packages, and they have never been 
met. I have yet to see the consequences of that non-compliance.

I can’t help feeling that we are throwing good money after bad 
when it comes to bailing out SOCs and municipalities. We have 
been doing so year after year without any evidence of:

 �Q Rooting out of deep-seated corruption in every tier of the 
public service.

 �Q Reversing the culture of non-payment for services by mu-
nicipalities, other organs of state and individual household 
customers.

 �Q Addressing the rampant vandalism and theft of materials and 
equipment.

Whose job is it to ensure these conditions are being managed in 
each of the abovementioned debt relief packages?

LOADSHEDDING
Now that I am on the subject, what is the role of Dr Kgosientso 
Ramokgopa, the new Minister of Electricity, in this regard? 
SAICE has previously questioned what the mandates of the 
Minister of Electricity and the board of Eskom are, noting that 
without the authority to effect change in operations, the status 
quo will remain. Whose job is it then to oversee the eradication of 
the rampant syndicated crime impacting the performance of our 
coal-fired power stations?

According to President Cyril Ramaphosa, the overarching role of 
the newly appointed Ramokgopa is “to effectively oversee the elec-
tricity crisis response.” The more detailed job description includes:

 �Q Urgently reduce the severity and frequency of loadshedding
 �Q Accelerate processes related to energy regulations
 �Q Issue directives to have essential facilities excluded from 

loadshedding where technically feasible
 �Q Facilitate and coordinate collaborative efforts between all par-

ties involved in the energy crisis response
 �Q Work closely with Eskom on turning around the power utility
 �Q Accelerate the procurement of new generation capacity
 �Q Facilitate speedier processes around conducting critical 

maintenance
 �Q Liaise with other ministries to ensure cohesion when issuing 

directions during the national state of disaster.
Speaking at a media briefing, our President said that “the ap-
pointed minister will have political responsibility, authority and 
control over all critical aspects of the Energy Action Plan.”

Ramokgopa is highly qualified. He holds a BSc in Civil 
Engineering, an MSc in Public Affairs, a Master’s in Business 
Leadership, and a PhD in Public Affairs, in addition to being a 
Professor of Practice at the University of Johannesburg’s School of 
Public Management, Governance and Public Policy. I have no doubt 
that he has the academic expertise to succeed, but does he have the 
courage to go up against the criminals he will encounter when he 
delves into those well-reported corruption issues?

FOCUS ON INFRASTRUCTURE
On a more positive note, Minister Godongwana stated in his 
budget that, “infrastructure is at the centre of public and eco-
nomic wellbeing,” adding that, “Infrastructure investments lay 
the foundation for inclusive and sustainable growth; they address 
supply-side constraints; and expand access to basic services.” I 
agree wholeheartedly with these statements.

Overall, the public sector is projected to spend R903 billion on 
infrastructure over the medium term. The largest portion of this 
– around R448 billion – will be spent by SOCs and public entities 
as well as through public-private partnerships.

Again, the way I see it, this can only work if the skills shortage 
and capacity issues within the public sector are acknowledged 
and there is a genuine commitment to remedying it.

Further private sector involvement in the funding, manage-
ment, operation and maintenance of infrastructure will require a 

The 2023 budget –  
throwing good money after bad?
Given the country’s current economic circumstances, I’m certain that Finance Minister Enoch Godongwana’s task 

of preparing a national budget is a rather daunting one. It is certainly not a job I would like to do because it’s a 

‘no-win’ situation – you cannot please everyone all the time.
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The site at Mount Vernon lies along 
an existing Transnet railway 
line between kilometre 91 + 223 

and kilometre 91 + 341. The existing 
embankment is approximately 30 m 
high at the highest point above the toe 
of the embankment (along which the 
Umhlatuzana River flows), and at a slope 
of approximately 53°.

The remedial work on the project 
consists of a river diversion, a 7.5 m high, 
80 m long curved reinforced concrete re-
taining wall, and a mechanically stabilised 

earth wall. These integrated structures 
are being constructed from the toe of the 
embankment over an approximate length 
of 85 m to 100 m.

REMEDIATION OF THE FAILED SLOPE
The embankment collapsed during the 
April 2022 floods, undermining the 
critically important railway corridor 
between Durban and Johannesburg. The 
geotechnical design for the remediation of 
the failed slope could only be completed 
once the slope face had been cleared 

of material, utilising Stefanutti Stocks’ 
87�ton long-reach excavator.

While cleaning the rock face and 
drilling the holes for the anchors, a dol-
erite intrusion was also discovered. This 
caused the holes to collapse, requiring 
water tests, grouting and re-drilling. 
“Once the area had been cleared, pull-out 
tests were conducted to determine the an-
chor plate sizes in the rock fill,” explains 
Stefanutti Stocks Coastal Director Leigh 
Dressing. “At this time, it was also estab-
lished that due to the limited working 

Slope stabilisation project for Transnet 
Freight Rail nears completion
The Stefanutti Stocks Coastal region is undertaking an urgent and extremely fast-track slope rehabilitation 

project for Transnet Freight Rail at Mount Vernon in Durban, KwaZulu-Natal. The slope stabilisation being 

undertaken by the group’s Geotechnical Discipline includes 73 12-strand, 20 m-long cable anchors and 459 

thread bar 500 rock bolts, 25 mm in diameter and varying from 3 m to 6 m in length.

6 April 2023 Civil Engineering

A birds eye view of the remediation 
project for Transnet Freight Rail 



space many of the rock bolts would need 
to be installed via rope access.”

In order to create a work platform for 
the Stefanutti Stocks teams, a diversion 
of the Umhlatuzana River was designed 
and constructed. A rock fall protection 
mesh was then installed by a rope access 
specialist to protect the working teams 
from falling rock. “The urgency of the 
remediation also necessitated that we 
implement 12-hour day and night shifts,” 
explains Dressing.

NOTABLE ACHIEVEMENTS
Due for completion in April 2023, the 
project has achieved 100�000 lost time 
injury free hours, with a lost time injury 
free rate of zero.

Notable quantities on the project, once 
completed, include:

 �Q 2 500 m3 of reinforced concrete
 �Q 7 500 m3 of excavated material from 

the rock face slope
 �Q 73 12-strand, 20 m-long cable anchors
 �Q 459 thread bar 500 rock bolts, 25�mm 

in diameter and varying from 3 m to 
6�m in length.

For more information on the 

Stefanutti Stocks Group’s multidisciplinary 
construction capabilities please visit www.
stefanuttistocks.com or our LinkedIn page.
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The failed slope was in very 
close proximity to the railway line

Drilling underway for the 
installation of the 6 m long rock bolts

Members of the Stefanutti Stocks team 
stress  one of the 12-strand cable anchors
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Know Your Sector Competition
Stand a chance to win R10 000 in cash!

In this month’s edition of Civil Engineering we are continuing our Fun Quiz to promote knowledge of our industry service providers. Simply click on 
the adverts (or the logos) of the participating companies to access their websites, and then search for the answers to the following questions:

Q1: Tambew
For which pile load test is there presently a 
South African standard?

Q2: Macsteel
What is Macsteel’s tagline?

Q3: Geo Equip Africa
The Geo Equip Africa (GEA) website makes 
reference to how many key products and 
exclusive GEA suppliers?

Q4: AfriSam
AfriSam’s range of locally-produced cement 
productions give you __________.

Q5: Technocad
Which Technocad Civil Engineering software 
would you use if you needed to perform a 
hydraulic analysis and an extended period 

simulation for a water supply system that 
incorporated borehole pumps?

Q6: Stefanutti Stocks Group
Which of the statements includes all of the 
Stefanutti Stocks Group disciplines?

Q7: Maccaferri
Which is the best product to use for rockfall 
mitigation?

Q8: Power Group
How old is Power Construction this year?

Q9: AKS Lining Systems
In what width is AKS Lining Systems’ geo -
membrane manufactured?

Q10: SMEC South Africa
SMEC’s parent company, Surbana Jurong 
Group, received which ranking within the 

2022 Engineering News-Record (ENR) Top 
225 International Design Firms?

Q11: Keller Geotechnics
Compared to piling, ground improvement 
can reduce carbon emission by ________.

Q12: Rocbolt Technologies
GEWI® and DYWIDAG® are registered 
trademarks of Rocbolt Technologies and 
a joint venture between DSI Underground 
and Jennmar. What is the difference in 
the minimum ultimate load of a 32 mm 
DYWIDAG 950 bar compared to that of a 
GEWI 500 25 mm bar?

Q13: Enterprises University of Pretoria
Name one course that is being offered by 
Enterprises University of Pretoria.

TO ENTER: Scan or click on the QR code to submit 
your answers (submissions, one per reader, will 
be collected until 15 May 2023, whereafter the 

winner will be announced from a random draw).

PS: Advertisers who wish to capitalise on the reader 
attention here by including their marketing messages into 
our monthly Fun Quiz should please contact Barbara Spence 
(barbara@avenue.co.za / 011 463 7940 / 082 881 3454).

QUIZ

CLICK 
HERE TO 
ENTER 

THE QUIZ

After launching the Know Your 
Sector Competition in mid-2020, 
SAICE and Civil Engineering 

magazine have just awarded R10 000 to 
our 30th winner, Jessica Hemer.

Jessica is a civil and structural engi-
neer at Carlisle & Associates. Her passion 
lies in structural engineering,�but after 
doing some civil work recently�she has 
enjoyed the opportunity to learn some-
thing new. “I would love to be involved 
in both�the civil and structural�work on 
a project in the future,” she says, adding, 

“I really enjoy the fact that you work with 
so many different people from different 
disciplines and backgrounds, so you are 
always able to learn something new from 
the people around you.”

With April being Jessica’s birthday 
month, she was excited to receive the 
R10�000 prize money as an early birthday 
gift. An avid trail runner who enjoys a chal-
lenge, Jessica will be competing in the Otter 
African Trail Run in October this year and 
will be putting the money towards flights 
and accommodation for the event. 

Meet our 30th Know Your  
Sector Competition winner

mailto:barbara%40avenue.co.za?subject=
https://docs.google.com/forms/d/e/1FAIpQLSeORwixMosrkWzs8pkc7eT_h1GxDTDLaLKd-u7cjqE9HzMW3w/viewform
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GEOTECHNICAL ENGINEERING

Even though the WSD design ap-
proach is fundamentally flawed 
and outdated, with factor of safety 

values being a poor measure of reliability, 
this design approach is still used exten-
sively by industry and remains the pre-
ferred design approach for geotechnical 
practice in South Africa.

The limit state design (LSD) approach 
was first introduced to South Africa in 
2010 in the form of an annex. The publi-
cation of SANS10160-5 in 2021 sets out 
the basis for geotechnical design and gives 
guidance on determining geotechnical ac-
tions on structures. Industry still needs to 
move away from WSD and fully embrace 
the LSD concept.

LSD is based on the use of partial 
safety factors, with each associated 
uncertainty, to decrease the probability 
of failure. Characteristic values are de-
termined based on judgment, experience, 
and statistical methods. Uncertainty and 
variability are best addressed by use of 
statistical methods.

If statistical methods are used, the 
characteristic value must be chosen in 
such a way that ensures the probability of 
failure is no more than 5%. To establish an 

appropriate degree of reliability theoreti-
cally requires more than 600 tests. It is 
therefore unfeasible for many soil shear 
strength tests (i.e. triaxial and direct 
shear) to establish the 5th percentile of a 
soil property due to time and expenditure.

To increase the confidence in param-
eter values and statistical reliability a 
large dataset of measurements is required. 
Therefore, a more economical test that is 
performed repeatedly might be more ac-
curate and give higher confidence than an 
expensive and more sophisticated test that 
can only be performed two or three�times.

AIMS AND OBJECTIVES
The aim of this research is to evaluate 
shear strength testing procedures, 
which can provide a wide dataset of 
measurement, in order to measure the 
inherent shear strength variability of soil 
samples accurately by establishing more 
reliable distributions of test results with 
increased�testing.

PROJECT DESCRIPTION
For this study, three testing devices – the 
field vane shear (FVS), pocket pen-
etrometer (PP) and fall cone (FC) – are 
used and evaluated for the provision of 
a large dataset of measurements and 
the development of detailed and more 
reliable statistical analysis of probability 
density functions that better fit the 
measured�data.

Soil testing and sampling is being 
conducted at various locations in and 
around the Manguang Metropolitan 
Municipality.

For fall-cone testing, undisturbed 
samples are extruded from the side walls 
of the excavated trenches using stainless 
steel sample rings. Soil shear strength 
readings are obtained in situ with the 
pocket penetrometer and field vane shear 
device. The PP and the FVS devices were 
both used to obtain measurements from 

Vivian Charles de Villiers
Postgraduate Student, Civilab@CUT
Department of Civil Engineering
Central University of Technology
vdevilliers@civilab.net.za

Evaluating the �eld vane shear, pocket 
penetrometer and (undisturbed) fall 
cone test for more reliable statistical 
analysis and design values
Traditionally, geotechnical designs have been based on the working stress/load design (WSD) approach. 

Subjective global factors of safety have been used to account for various uncertainties to ensure sufficient 

reliability for a range of cases. This approach does not guarantee a sufficient margin of safety against every 

scenario or uncertainty involved and may lead to overly conservative or unconservative designs.

Fall cone penetration 
points on sample

mailto:vdevilliers@civilab.net.za


Civil Engineering April 2023 11

the same soil layer/strata infield as the 
collected undisturbed samples.

The number of tests conducted with 
these devices is dependent on the soil 
layer size and length. Data obtained from 
each test is captured on sheets for later 
data analyses using Microsoft Excel and 
MATLAB. The undisturbed samples are 
tested in the laboratory according to ISO 
17892-6 (2017).

Penetration readings are obtained with 
the fall of a specific cone. Depending on 
the soil sample and initial penetration 
readings, a 30° or 60° cone can be used. 
The standard also recommends various 
weights to be used in conjunction with 
the cones. An empirical formula is then 
used to determine the undrained shear 
strength of the sample at hand.

The number of test values that can 
be obtained using the PP and FC is far 
greater than the FVS which seems to be 
problematic to use in situ. Approximately 
200 to 300 test values can be obtained 
using the PP, compared to 100 to 150 test 
values using the FC and only about 10 
to 20 test values using the FVS. In some 
instances, almost no readings could be 
taken using the FSV, even when using the 
smallest available vane blade.

The number of test values for each 
test is dependent on the type of soil and 
soil conditions on the day of testing. For 
the FC test the number of test values 
is also dependent on the quality and 
number of undisturbed samples that 
were extruded from site, which can be 
very challenging.

The number of test values obtained 
using these three devices is far greater 
than using a more sophisticated test like 
the triaxial or direct shear test. Initial data 
analysis indicates that the FC produces 
higher shear strength values than the PP 
and FSV. The low penetration readings 
(less than 4 mm) may be the contribution 
factor. ISO 17892-6 notes that cone pen-
etration readings should be at least 4�mm 
to 20 mm.

Looking at the FC dataset, the initial 
fitting analysis shows that none of the 
considered probability distributions 
(normal, lognormal, gamma) may be 
considered fully reliable. The PP and FSV 
produce rather similar PDFs but more 
testing and a greater number of test values 
for the SFV will be required for more 
accurate analysis/comparison between the 
two test devices.

Figure 1 Pocket Penetrometer – PDF
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Figure 2 Field Shear Vane – PDF

D
en

si
ty

1.2

Data

0

0.2

0.4

0.6

0.8

4.0 4.5 5.0 5.5 6.0 6.5

1.0

kPa data
Normal
Lognormal
Gamma

Figure 3 Fall Cone – PDF
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CHALLENGES
The PP and testing of undisturbed samples 
using the FC test far outperforms the FVS 
in terms of number of test values. The 
vanes blades of the FVS device need to be 
cleaned, using a brush or cloth, to remove 
any cohesive soil attached to the blades 
after testing. This makes testing difficult 
and time consuming and might also have 
an impact on subsequent measurements.

The ISO standard gives no indication 
on how to deal with FC readings below 
4 mm in penetration. Testing on various 
samples produced penetration readings as 
low as 1 mm even when using the heaviest 
prescribed weight (400 g) on the 30° cone.

A possible solution is to reduce the 
cone factor as the penetration decreases 
and the strength goes up. Increasing 
the sample’s liquid limit/water content 
before testing might also produce higher 
penetration values. Extruded samples 
can be placed in a humidifying chamber 
for several hours for moisture absorption 
before testing commences.

PROJECT STATUS
Final data analysis and further research 
on the undisturbed FC method is cur-
rently underway. The testing devices are 
also being compared and evaluated in 
terms of performance, time, overall cost, 
variability, number of test values and ease 
of�testing. 

CONCLUSION
Initial testing and data analysis shows that 
the FVS might not be as reliable as the PP 
and FC in obtaining sufficient test values. 
The PP and FC can be easily used to 
obtain large datasets (more than 300 test 
points) which leads to more reliable data 

analysis and a less conservative character-
istic values for design inputs.

A higher number of test values leads to 
a higher level of confidence in the charac-
teristic/design value. Recommended prob-
ability distributions (normal, lognormal) 

may not be considered fully reliable. The 
undisturbed FC method will also need to 
be adjusted to obtain shear strength values 
for penetration readings less than 4�mm. 
Further research is required in this�regard.

It will also be interesting to compare 
the shear strength values/characteristic 
values obtained (5% fractile value) be-
tween these three test methods and other 
shear strength tests i.e. the suction test.

As industry slowly adopts the LSD ap-
proach, more research is required for a suit-
able and more well-defined procedure that 
will lead to the adoption and standardisation 
of reliability and performance-based design.

Project team

VC de Villiers, Dr Philip Stott, Prof. Elizabeth 
Theron, and members of the Civilab@CUT 
research group. 
vdevilliers@civilab.net.za 
stott.philip@gmail.com 
etheron@cut.ac.za
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Vane shear blade after testing

Figure 4 Total number of test values for each device
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The bridge, also referred to as the 
A1M1 Viaduct, was commis-
sioned by the Road Development 

Authority of Mauritius and will, on its 
completion, fulfil a vital transportation 
link across the geographical divide cre-
ated by the 100 m deeply incised valley of 
the�GRNW.

Construction of the bridge is being 
undertaken by a consortium of local 

Mauritian and international construc-
tion companies, namely Transinvest 
Construction, General Construction 
Company of Mauritius, Bouygues TP and 
VSLi, collectively known as TGBV.

Following the successful tender and 
their subsequent commissioning to un-
dertake the detailed design and construc-
tion of the bridge, TBGV appointed ARQ 
(Mauritius) in association with Melis and 

GEOTECHNICAL ENGINEERING

Marie Basson
Managing Director
ARQ (Mauritius) Ltd

marie@arq.co.za

Hannes Taljaard
Geotechnical Engineer

ARQ (Mauritius) Ltd
hannes@arq.co.za

Louis Melis
Managing Director

Melis and Du Plessis Consulting Engineers
louis@melisdup.com

A1M1 Viaduct – Foundation 
improvement of abutment by 
way of consolidation grouting
The new 100 m high, 330 m long, three span, extradosed bridge currently 

under construction across the Grand River North-West (GRNW) Valley in 

Mauritius will not only be the longest and tallest bridge to be constructed 

on the small island in the Indian Ocean, but also the first of its kind.

The A1M1 Viaduct will cross the 100 m valley of the 
Grand River North-West (Image courtesy of TGBV)
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Du Plessis (MDP) to undertake the neces-
sary geotechnical studies and designs for 
the new bridge. This included the lateral 
support for all temporary excavations, 
the piled foundations through the deep 
alluvium of the river for the two 100 m 
high piers supporting column loads of up 
to 512 MN, as well as the founding of the 
two abutments on the plateau at the crests 
of the valley cliffs, which were to be on 
spread footings.

In addition, a significant rockfall 
hazard was identified, associated with 
the highly weathered 100 m high sheer 
cliffs of the GRNW Valley. This neces-
sitated rockfall hazard assessments and 
mitigation to be undertaken to protect the 
piers from rockfall impacts and surficial 
cliff�collapse.

This article deals with the ground 
improvement of the western abutment 
of the bridge which was to be founded 

on spread footings. The results of the 
geotechnical studies flagged the presence 
of weak volcanic layers and voids, neces-
sitating ground improvement techniques 
to ensure the requisite performance of 
the�foundations.

GEOLOGY AND FOUNDING CONDITIONS
The volcanic basaltic rock mass under-
lying the western abutment is highly 
variable. The lava flows are believed to 
be a sequence or set of flow units of ‘a‘a 
flows (pronounced “ah-ah”) to blocky 
lavas of fine-grained vesicular basalt with 
interspersed pyroclastic and possible ag-
glomeritic layers in between the flows.

The dense interior is what actually 
flows as an ‘a‘a flow, and it carries/drags 
the clinkers along with it. Clinkers that 
fall off the front are buried by the ad-
vancing flow, generating a bottom clinker 
layer also referred to as an auto breccia. 

‘A‘a flows typically have high volume flow 
rate and larger low channels or flow units 
that are 1 m to 10 m thick.

The basaltic ‘a‘a flows are therefore 
characterised by very rough top surfaces, 
dense interiors, and rough bottom auto 
brecciated surfaces. The loose fragments 
that make up the surface of flows are 
usually spinose (clinkers). The more rarely 
occurring smooth blocks up to metres 
across are controlled by the rheology 
of the lava interior, rather than by the 
thinner surface as in the case of ‘a‘a flows 
and are formed as lava is pulled apart by 
shearing and twisting during flow.

The complex nature of the emplace-
ment and subsequent weathering of these 
basalt flows has resulted in highly variable 
sequences which comprise layers of intact 
vesicular basalt rock with breccias units in 
various degrees of weathering, pyroclasts, 
paleosols and occurrence of basalt flow fea-
tures in successive layers, albeit undulating 
in nature, ‘pinching’ out to almost nothing, 
or which also typically manifest as lenses.

The resultant weathered rockmass 
therefore presents itself as highly variable 
and complex sequences of interlayered 
clays, gravels (clast-supported), voids/cavi-
ties, weathered rock and ‘competent’ rock.

This is illustrated by the profiles 
exposed in the southern sidewall of the 
foundation excavations of the abutment, 
illustrated in Figures 2 and 3. An open 
voided clast-supported horizon derived 
from the weathering of the basal clinker, 
which pinches and swells, occurs beneath 
a <1 m to 3 m thick layer of ‘competent’ 
blocky basalt. This in turn lies directly on 

Figure 1 Typical ’a’a �ow showing development of the 
upper clinker surface  (Source: Oregon State University, 

Volcano Data and Information Portal, October 2017)
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Figure 2 Southern excavation face displaying the alternating  
sequence and variation in ground conditions.



top of the following flow which occurs as 
weathered basalt.

The footprint of the abutment is some 
25.5 m by 9 m, with bearing pressures 
varying from 200 kPa to 360 kPa (toe and 
heel respectively). While not considered a 
risk for possible bearing capacity failure, 
the concern was that the abutment could 
experience both large collapse type settle-
ments coupled with some consolidation 
settlements. This complex succession of 
substrata was therefore deemed unsuit-
able to meet the requisite performance 
criteria for a bridge abutment.

FOUNDATION IMPROVEMENTS
Given the highly variable and poor 
founding conditions, it was apparent 
that either deep foundations or ground 

improvement was required, particularly 
for the upper 9 m of the rock and soil 
mass below the founding level.

Removal and replacement were not 
feasible, and piling would be extremely 
onerous due to the challenging ground 
conditions and associated costs.

Ultimately, the preferred method to 
mitigate the potential of collapse settle-
ments was ground improvement by way 
of extensive consolidation grouting to fill 
the voids/cavities in the upper 9 m of the 
ground beneath the abutment founding 
level with material of a known quality.

DOWNSTAGE PRESSURE 
CONSOLIDATION GROUTING
The grouting methodology entailed 
rotary core drilling and grouting holes 

in three 3 m stages to final depths of 9 m 
below founding level. Each consecutive 
stage was drilled and grouted after grout 
from the preceding stage had set and the 
voided features were mitigated, i.e. the 
‘downstage’ grouting method. Rotary 
coring was used as a further quality 
assurance procedure in order to retrieve 
cores as evidence of grout permeation 
and filling of voids.

GROUT PATTERN AND SEQUENCING
Holes were drilled and grouted on a 
split-spacing layout where primary holes 
were drilled 4 m apart, secondary holes 
were placed between the primaries, and 
tertiary holes were placed between these 
existing holes. Thus, the spacing between 
holes was reduced until grout takes 
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Figure 4 Intact basalt underlain by voided structure

Figure 3 Western face of the foundation excavation 
displaying the highly variable and poor geological conditions
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were sufficiently low and the acceptance 
criteria was reached.

Distinction was made between (a) 
primary, secondary and tertiary holes and 
(b) their location, i.e. perimeter holes and 
internal holes (those within the founda-
tion footprint).

The grouting was planned to be 
undertaken in four distinct phases, as 
indicated in Figure 6.

Phases 1 and 2, which consisted of a 
series of primary and secondary grout 
holes located 1 m beyond and along the 
outer perimeter of the abutment, were 
initially completed. The purpose of these 
perimeter holes was to create a seal along 
the outer perimeter to minimise grout 
loss and contain the grouting within the 
footprint of the abutment for the subse-
quent drilling and grouting of the primary 

and secondary internal grout holes of 
Phases 3 and 4.

Initial estimates did not include tertiary 
holes, but higher grout takes within the 
secondary holes required further split 
spacing drilling and grouting, reducing the 
hole spacing ultimately required within the 
footprint of the abutment to 1 m. A plan 
of the final grout hole layout, including the 
tertiary holes, is provided in Figure 7.

Figure 5 Voided zones/pockets below intact vesicular basalt 
present in the southern face of the foundation excavation

Figure 6 Phased approach adopted
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It is apparent from Figure 7 that 
a total of 40 holes were drilled and 
grouted along the perimeter to create the 
‘cut-off curtain’ to contain grout for the 
subsequent drilling and grouting of 111 
internal holes.

GROUT MIXES, PROCEDURES AND TAKES
A grout strength of 30 MPa at 28 days was 
specified. The grout was batched from 
25�kg cement bags, being the only bag size 
available on the island (CEM II / A-LL 
42.5N and CEM II / B-M (LL-Z-V) 42.5N).

Grouting pressures were limited to 
average overburden pressures to prevent 
uplift and disturbance of the intact rock 
layers. The applied pressures typically 
varied between 1 bar and 2 bar.

Given the moisture sensitive nature 
of the soils within the ground mass of 
the foundation materials as well as the 
anticipated large voids, it was decided 
that no water pressure testing would be 
undertaken for fear of large water takes 
saturating and weakening the foundation 
groundmass. Instead, the success of the 
grouting operation was monitored from 
core drilling and the grout takes from 
both secondary and tertiary holes.

The consistency of grout mixes was 
adjusted to initially undertake void filling 
using thicker low w:c ratio mixes, and then 
more fluid mixes by increasing the w:c 
ratio for the permeation grouting there-
after. For large voids the grout mix was 
bulked by adding crusher sand (aka ‘rock-
sand’) to the grout mix in an endeavour to 
reduce the cement consumption and cost.

Typical grout mixes ranged from a w:c of 
1:1 to 0.5:1 with between 0 kg and 30 kg of 
sand added per 25 kg bag of cement. Grout 
penetration and void filling were assessed 
from the cores retrieved for drilling the sub-
sequent secondary and tertiary grout holes.

Approximately 368.4 m3 of grout was 
injected within the 28 m × 12 m × 9 m 
(3�024 m3) treated ground mass volume 
below the abutment. This translates to 
approximately 12.2% voids filled. Cavities 
were typically identified from the core 
drilling of the grout holes, namely when the 
drill rods would suddenly drop without any 
resistance. Voided zones were identified by 
poor or very fractured core�recovery.

Grouting stages could often not be 
completed with one injection given the 
large takes experienced. The procedure 
adopted was therefore to monitor the 
grout levels of each stage. When the grout 
level did not rise after injecting 25 bags 
of cement, injection was stopped and 
the grout was left to set. The regrouting 
of the stage would then be continued 
the following day. This procedure was 
repeated until the stage was fully grouted 
or terminated if excessive and left over for 
the secondary or tertiary grout stage.

Detailed grout takes are provided 
for the perimeter and internal holes in 
Figures 9 and 10.

Figure 10 clearly demonstrates the 
expected trend of reducing grout takes 

Figure 7 Final layout of grout positions across foundation footprint

Figure 8 Drilling and grouting 
operation in progress

Figure 9  Average grout takes as 25 kg cement bags per stage for the perimeter holes. Note: 
A very large cavity encountered in stage 1 of a secondary hole took 801 bags of 
cement and 11 tons of rocksand to �ll up, which increased the average grout take for 
stage 1 of the secondary holes above that of the primary holes

0
Primary holes Secondary holes

Stage 1

Stage 2

Stage 3

12010080604020
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from the initial primary holes through to 
the tertiary holes, indicating that voids/
cavities were progressively filled up. The 
foregoing is a classic example of how the 
split-spacing method of grouting can 
consolidate and achieve the requisite level 
of ground improvement.

VARIATION IN GROUT TAKES
Grout takes per metre of hole exhibit very 
large coefficients of variation of:

 �Q Stage 1: 126% to 180%
 �Q Stage 2: 95% to 108%
 �Q Stage 3: 76% to 124%

The foregoing clearly demonstrates the 
variation of voids and cavities within the 
groundmass below the abutment.

GROUT PENETRATION
The success of controlling grout penetra-
tion and wastage per stage was demon-
strated in that grout from primary holes 
was rarely encountered when drilling 
secondary holes. This, however, changed 
when tertiary holes were drilled and the 
void filling had started reaching satura-
tion. Grout was regularly present within 
the core of the tertiary holes.

An exception was when a cavity in-
tersected in hole G21 (primary perimeter 
hole – see Figure 11) was grouted. This 
grout was later encountered when drilling 
the adjacent secondary external hole G23 
(Figure 12).

Figure 13 shows a voided rockmass 
that was successfully grouted in the 
tertiary hole BC24.

CONCLUSIONS
The consolidation grouting undertaken for 
the foundations of the western abutment 
of the new A1M1 bridge over the GRNW 
has proven to be a feasible method for use 
in the highly weathered, variably stratified 
sequences of both intact and brecciated, 
often fractured and voided, basaltic lavas 
which also contain small cavities.

Consolidation grouting of these prob-
lematic strata as a ground improvement 
technique required:

 �Q A systematic grout pattern, with 
grouting commencing along the outer 
perimeter of the abutment footprint, 
and only once complete, undertaking 
the grouting of the so-called internal 
holes within the footprint area of the 
abutment (see Figure 7).

 �Q The systematic use of split spacing 
to first complete the perimeter grout 

curtain before moving to the internal 
holes in the same systematic manner.

 �Q The use of the downstage grouting 
method.

 �Q Careful monitoring of grout flows, in-
terruption of grout stages that exceeded 
a predefined limit, and allowing the 
grout to set for 24 hours before recom-
mencing the grouting of that stage.

 �Q An assessment and evaluation of the 
indicators that the voids were progres-
sively being filled by grout. This was 
apparent from the progressive reduction 

in grout takes shown by the downward 
trend in grout takes from the primary 
holes through to the secondary and 
ultimately tertiary holes (see Figure 
10). This trend is considered to be an 
indication of the progressive permea-
tion and filling of the voids within the 
groundmass. This observation was cor-
roborated by the cored samples retrieved 
from the tertiary grout holes which 
returned both solid sticks of grout as 
well as broken rock cemented together 
by grout to retrieve cemented�cores. 

Figure 13 BH BC24 core from 5 m to 9 m with consolidated rock

Figure 12 BH G23 core from 5 m to 9 m depth, solid grout from about 6.75 m to 7.82 m

Figure 11 BH G21 core from 5 m to 9 m depth, cavity from 6.80 m to 7.53 m and 8 m to 8.45 m

Figure 10 Average grout takes as cement bags per stage for the internal holes
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The site for the new 1 150 m² cold 
storage warehouse is underlain by a 
3 m thick layer of clayey silt, which is 

certainly not conducive to using traditional 
foundation techniques. This challenge 
called for a specialised foundation solution.

The Keller design team quickly as-
sessed the settlement criteria and the 
ground conditions to come up with an 
efficient foundation for the new cold 
storage packhouse. This fast-tracked 
project demanded an innovative solution 
that would meet the timeline, the budget 
and, of course, the stringent settlement 
performance criteria required.

“Fruitways will be deploying an auto-
mated mobile racking system four pallets 
high. Any settlement would have disas-
trous effects on the racking, product and 
structure,” explains Jacques Esterhuizen, 
Fruitways’ general manager: engineering.

GEOLOGY AT THE SITE
Geologically, the site is situated in terrain 
composed of and underlain by meta-
sedimentary siltstone/mudstone/shales of 
the Ceres Formation, Bokkeveld Group, 
Cape Supergroup.

The site is covered by a layer of fill up 
to 0.9 m. Transported soils comprise very 
soft, clayey silt up to 3 m underlain by re-
sidual shale grading to very soft rock�shale.

The very soft, clayey silt is highly com-
pressible and would be problematic for the 
settlement-sensitive structure if shallow 
foundations were used. Traditional piling 
methods would require significant modifi-
cations in the structure, which may cause 
delays in this already fast-tracked�project.

Keller’s rigid inclusions (RIs) ground 
improvement technique ticked all the 
boxes for this project. RIs are a relatively 
new offering to South Africa and highlight 
Keller’s commitment to bringing reliable, 
industry-leading techniques to the region.

PRINCIPLES OF RIGID INCLUSIONS
The design approach for RIs is quite 
different from that taken for a typical 
foundation or piled solution.

With RIs, a grid of ground columns is 
installed under the footprint of the entire 
structure. These ground columns are then 
covered with an engineered fill, forming 
a load transfer platform (LTP). Load from 
the structure is transferred and distributed 
into the soil via this LTP. The depth of the 
LTP is a function of the spacing of the RIs.

The ground improvement efficiency 
of an RI solution largely depends on the 
stiffness relationship between the soil and 
the columns.

RIs are a proven method to reduce 
settlement and increase the bearing 
capacity of weak soils, even for high loads. 
The installation is relatively quick and 
generates minimum spoil, allowing a 
quick start to construction works.

SUSTAINABILITY
RIs are becoming a popular ground 
improvement technique that offers a 
value engineered alternative to traditional 
piled foundations. Besides being quick to 
install, this cost-effective solution reduces 
footing sizes and slab thicknesses, which 
goes a long way in meeting sustainability 
targets in the construction industry.

“Using ground improvement can 
reduce carbon emission by between 40% 
and 90% compared to an equivalent piling 
solution,” comments Keller Technical 
Director, Dr Nicol Chang.

SUCCESSFUL, FAST DELIVERY
The Keller site team installed a total of 
360 RIs within 10 days, including estab-
lishing to site, which proved crucial to this 
fast-track project.

“The RIs were quick and easy to 
install, providing a solid foundation for 

the new cold store. We have confidence 
in Keller’s technique and ability to deliver 
this project in good time and meet 
expectations,” says Gerhard Potgieter 
from GPB Consulting, the specialist 
consultant leading the project.

Keller is proud to be part of the presti-
gious Fruitways project, which highlights 
the overall capability of its team, from 
design to installation. The company is able 
to deliver a complex turnkey design and 
construct service for all projects requiring 
specialist geotechnical services.

Prepared by

Roger Feldmann
Southern Africa Business Development Manager
Keller

ADVERTORIAL

Fruitways and the Keller way: A foundation 
solution for a new cold storage warehouse
Solving tricky geotechnical challenges for new developments is one of Keller’s core strengths. Doing it in record 

time is one of its core abilities. The new expansion at the Fruitways Molteno packhouse facility in Grabouw is a 

prime example of this.

Image courtesy Thomas Ferreira (thomasfphotography.co.za)

Keller’s RI ground 
improvement technique 
ticked all the boxes



24 April 2023 Civil Engineering

Ecology is defined in the Concise Oxford Dictionary (1979) 
as the “study of interaction of persons with their environ-
ment”, while ethics is defined as “relating to morals” with 

“morals” as to judgement between right and wrong. Codes and 
national norms define how safe a structure should be, although, 
as will be shown in this note, this is also open to question 
depending on whether first or third world norms are applied. 
However, the question to be asked is, in addition to safety, is it 
ecologically ethical geotechnics? This note attempts to place the 
matter in some perspective.

BACKGROUND
By their very nature, most geotechnical structures are buried. 
Piled foundations, if used to support a building, are ensconced 
in soil or rock. They are thus not visible and their efficacy is usu-
ally proven by load tests, with expected durability confirmed by 
cross-hole sonic logging. Thus, once safety is satisfied, not much 
ecology or ethics is required in this instance.

Road embankments on the other hand are visible to all or 
most users of this facility. In this instance I postulate that it is the 
duty of the geotechnical engineer to ensure that:
i. The structure is “safe”
ii. The structure is cost effective, i.e. neither too costly nor too 

cheap
iii. The structure is aesthetically pleasing with adequate grass 

cover and rounded edges such that it blends into the landscape
iv. Top soiling, root system and grass cover ensure limited 

erosion
v. The programmed finishing process takes place just before the 

rainy season such that growth is immediate
vi. The grass type chosen is fire, rain/hail/snow and drought 

resistant
vii. The structure should remain in this positive state throughout 

its design life (which may be in the order of some 100 years) 
albeit with regular planned maintenance.

This premise is based on the fact that ecology and ethics play a 
much more significant role now than previously. For example, 
strategic planning sessions conducted between the 1970s and 
1990s required cognisance of political, economic, social, tech-
nological and legal (PESTL) aspects on global, regional and local 
levels to enable a comprehensive strategy to be formulated. Since 
then, public pressure, good business practice and a pandemic 
(Covid-19) necessitated that ecological, ethical and medical 
(EEM) are added to the acronym.

In addition, these latter years have ushered in a probabilistic 
approach (probability of failure (Pf) or reliability index) due to the 
realisation that variability in both capacity (C) of and demand 
(D) on a system must be incorporated, whereas deterministic 

answers were previously adequate to characterise safety (factor of 
safety�(FOS)).

If we examine a common lateral support problem, an FOS of 
1.3 is usually required for temporary conditions, while an FOS of 
1.5 is required for permanent situations. However, as probabilistic 
concepts started developing in geotechnical engineering in the 
1960s, it is sobering to look at what the norms were in those days.

With time the student of deterministic study developed a 
feeling for the FOS that should be used in various applications. 
Thus, whereas an FOS of 1.3 may be considered acceptable for 
slope failure of a dam embankment under rapid drawdown condi-
tion, an FOS of 10 is usually specified for the grouted connection 
between bottle leg and piles on an offshore oil drilling platform. 
One may well ask why the difference. The answer lies in two fac-
tors: (1) variation in the loads on the system (the demand) and/or 
the resistance of the system to these loads (the capacity), and (2) 
the consequence/s of anticipated failure.

Over the years, analyses of failures and model studies have 
modified safety factors specified in codes or in general use. 
However, the problem lies in the fact that FOS is not a measure of 
the scale of safety, i.e. an FOS of 4 is not twice as safe as a system 
with an FOS of 2.

Examination of figure 3.10.1 of Harr (1987:158) shows the 
above concept graphically and vividly illustrates how an FOS of 5 
may have a probability of failure approaching 10–1. A reliability or 
probability of failure concept does get around this factor to some 
degree in that it does scale safety. However, as it is a fairly new 
concept that is used mostly in analysing systems which have not 
been tried in practice before, the absolute value of the desirable 
level of reliability is not always known.

Grivas (1983:10) recommends that once the Pf has been calcu-
lated, an auxiliary analysis is undertaken in which the financial 
implication is balanced against initial construction cost and rate 
of change of the risk and cost as time progresses. Vanmarcke 
(1983:556-559) is of a similar opinion, while Whitman (1984:156) 
and Kirsten (1983:19) attempt to put absolute levels on reliability, 
which should be aimed for in specific applications.

In a somewhat more methodical approach used as the 
basis for dam safety legislation in South Africa, Oosthuizen 
(1985:A44-A45) uses economic, life loss and annual probability 
of occurrence to define low, moderate, high and unacceptable 
conditions. The answer lies in incorporation of all relevant fac-
tors as it is not always possible to impose monetary or human 
life loss constraints on the solutions and an ecological/ethical 
value will be necessary in some cases to arrive at a decision-
making solution.

Thus, what does one do if monetary or life loss considerations 
do not come into play but the conditions are just as serious? Well, 

Ecologically ethical geotechnical design

Alan Parrock Pr Eng
Geotechnical Engineering Consultant
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one must resort to what others have done and then adjudicate 
whether that is fair and reasonable.

Let us for one moment consider what some of the learned 
men in the field of geotechnical engineering have to say. Arthur 
Casagrande (1964:03) in the second Terzaghi lecture entitled 
“Role of the Calculated Risk in Earthwork and Foundation 
Engineering” likely first formalised the concept in geotechnics 
when he stated: “… the term calculated risk is indeed widely used 
in engineering, if not somewhat loosely”; and that usage and most 
suggested definitions have in common a meaning that includes 
the following two distinct�steps:
1. Use of imperfect knowledge, guided by judgement and experi-

ence, to estimate probable ranges for all pertinent quantities 
that enter into the solution of a problem

2. The decision of an appropriate margin of safety, or degree 
of risk, taking into consideration economic factors and the 
magnitude of loss that would result from failure.

Robert V Whitman (1984:156) in the seventh Terzaghi lecture 
some 20 years later, commenting on the appropriate value of �  – 
the reliability index – stated, “The value of �  = 2.0 was selected 
because, in my judgement, it is typical of the reliability implied by 
much commonly accepted geotechnical engineering�practice.”

RELIABILITY INDEX
�  is defined as the reliability index and its formulation is:

� = 
Cavg – Davg

� � 2
C + � 2

D

 (1)

where Cavg and Davg are the mean values of the capacity and 
demand on the system and � C and � D the standard deviations of 
the same variables. If it is recalled that the probability of failure 
Pf may be evaluated as:

Pf = 1 – � (� ) (2)

then it can be seen that �  and Pf are related. Table 1 details 
values �  and Pf where �  is the cumulative standard normal 
distribution function.

Table 1  The values of �  and Pf where �  is the cumulative standard 
normal distribution function

� P f (%)

1.0 15.9

1.2 11.5

1.4 8.08

1.6 5.48

1.8 3.59

2.0 2.28

Thus, incorporating comments as quoted above, it is argued 
that in some cases �  = 2.0 and Pf = 2.28% represent “good” 
values for the design of geotechnical structures.

However, notwithstanding the above, Harr (1987:141) is 
of opinion that, “the index itself may not be a reliable pre-
dictor of performance.” It should thus be used with caution, 

circumspection and knowledge of the limitations inherent in the 
formulation.

This is in fact evident from Table 1 where if �  changes from 1 
to 2 then Pf changes from approximately 2 in 100 to 16 in 100; i.e. 
a 50% reduction in �  leads to an eight fold increase in Pf . Beware 
of using �  as a measure of safety on an ordinal scale (it is in fact 
nearly logarithmic). Here the interested reader is referred to 
Rickwood (1974) who, in trials to determine riding quality of a 
road surface, vividly illustrated the difference between ratio and 
ordinal scales.

AN EXAMPLE
Consider a ubiquitous 6 m high road embankment typically 
used as a road over rail grade separation in the Himeville region 
of KwaZulu-Natal. This example was additionally chosen as 
it was loosely the subject of the question in “Benchmark your 
geotechnical designs” by Day (2020). According to the geological 
map of South Africa (2008), this area is underlain by sandstone, 
mudstones and shale of the Karoo Sequence with numerous 
dolerite intrusions.

This ensures that any road fill embankment will in all likeli-
hood be constructed of G10 quality materials, as per TRH4, 1996. 
These materials, which constitute the vast majority of the South 
African interior, have, due to their fissile nature (parting along 
cleavage) endowed by deposition under water (lake/sea/river), a 
propensity to slake (crumble) on exposure to atmosphere as well 
as exhibiting, in some instances, a dispersive nature (Gerber et al., 
1987). It is thus not difficult to see why such a low classification 
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is assigned to these rocks/soils when they are used as road con-
struction materials.

As rainfall in this region averages in excess of 1�000 mm per 
annum, serviceability conditions in embankment fills will be such 
that fairly high moisture conditions will be relevant.

Building on the formulations of Theyse et al. (1996), G10 mate-
rials are likely to exhibit the following shear strength parameters at 
the 50% confidence level, i.e. on average:

c = 8.5 kPa 
�  = 26.2° 
� = 20 kN/m 3

Utilising Chart 2 of Hoek and Bray (1981) to 
reflect moisture conditions on site, Table�2 
was prepared to reflect costs and safety 
of the fill under various side slope angles. 
This mode of analysis, as opposed to use of 
computer programs, was chosen such that 
a “feel” for each problem was established, 
as sensitivity could be observed as the 
solution is derived. It should be noted that 
various cost functions were evaluated, but 
in all cases minimum cost + risk cost was 
always around a slope with side angles 
varying between 33° and 35°. Remedial 
cost is usually much higher than initial 
cost, and in the output given in Table 2 a 
ratio of 3 was�used.

It is thus not difficult to see why geo-
metric design engineers of the past almost 
always specified side slopes at 1:1.5 or 33.7°.

Probabilistic values were calculated 
as per formulations contained in Duncan 
et al. (2014). More advanced formulations 
are available, but as this method is simple, 
quick and easy and does not vary much 
from the more advanced formulations, it 
was chosen.

The results from Table 2 are displayed 
graphically in Figure 1.

Figure 2 shows what is obtained if 
the reliability index graphics are also 
incorporated.

In Figure 2 it is observed that the log-normal RI lies above the 
normal one, except for the 40° case where they are nearly equal. 
Which is correct? Duncan et al. (2014) recommend that both 
should be evaluated, and critical thinking applied to the problem. It 
is fairly well known (Harr, 1987) that shear strength parameter c is 
usually found to exhibit a lognormal distribution with a co-efficient 
of variation of COV� 40% while �  tests as normal with COV� 10%.

Table 2 Risk cost analysis for 6 m high slope

Original cost of �ll/m 3 100 Rands

Cost of rebuilding �ll 300 Rands

Slope angle 
(°)

Volume/m Cost (Rands)
Probability of failure (%) Reliability index Cost + risk cost (Rands)

Log normal Normal Log normal Normal Log normal Normal

20 159 15 900 0.1 0.7 3.09 2.46 15 948 16 234

25 137 13 700 0.8 2.1 2.42 2.04 14 029 14 563

30 122 12 200 2.2 3.9 2.00 1.76 13 005 13 627

35 111 11 100 6.5 8.2 1.50 1.39 13 265 13 831

40 103 10 300 20.2 20.7 0.80 0.82 16 542 16 696

Figure 1 Risk cost analysis for 6 m high slope
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Figure 2 Risk cost analysis for 6 m high slope with reliability index
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Table 5 Analysis for a 25° slope

Analysis Material types Variable Value SRF �F

1 c+ 1.70
0.44

2 c– 1.26

3 �+ 1.62
0.21

4 �- 1.41

Average 1.50

� 0.24

COV 0.16

Lognormal distribution
RI 2.42

P[f] (%) 0.8%

Normal distribution
RI 2.04

P[f] (%) 2.1%

Table 6 Analysis for a 30° slope

Analysis Material types Variable Value SRF �F

1 c+ 1.59
0.39

2 c– 1.20

3 �+ 1.49
0.21

4 �– 1.28

Average 1.39

� 0.22

COV 0.16

Lognormal distribution
RI 2.00

P[f] (%) 2.2%

Normal distribution
RI 1.76

P[f] (%) 3.9%

Table 7 Analysis for a 35° slope

Analysis Material types Variable Value SRF �F

1 c+ 1.45
0.36

2 c– 1.09

3 �+ 1.38
0.18

4 �– 1.20

Average 1.28

� 0.20

COV 0.16

Lognormal distribution
RI 1.50

P[f] (%) 6.5%

Normal distribution
RI 1.39

P[f] (%) 8.2%

Phoon (2006) is of the opinion that RI = 2.5 and 4.0 span “below 
average” and “good” situations. As detailed previously, Whitman 
(1984) feels RI = 2.0 is adequate. I am of opinion that RI = 2.5 is a 
good balance between excessive risk and excessive cost. Table 8 
indicates how these two formulations compare.

Table 8 A comparison of RI formulations by Phoon and Parrock

Reliability 
index

Phoon Parrock

1.00 Hazardous
Extremely short-term temporary 
structures

1.50 Unsatisfactory

2.00 Poor Most short-term conditions

2.50 Below average Nice to have

3.00 Above average Over the top

4.00 Good
Probably not used for most South 
African conditions

4.50
Only used for nuclear or high life-loss 
structures

5.00 High

From Table 8 it thus appears that that side slopes of some 25° 
render a safe solution. The excessively high values (in my opinion) 
recommended by Phoon (2006) may well be due to differences 
between first and third world standards. First world populations 
are extremely risk averse with much litigation if perceived stand-
ards are not met. However, developing third world countries are 
much more conscious about cost due to budgetary constraints. 
As an example, consider that the cost of the stadium constructed 
in London for the Olympics is comparable in British pounds (£) 
to the 2010 World Cup soccer stadium constructed in Cape Town 
in rands (R). Given that £1 is now worth more than R20, it makes 
one think, as both stadia can hold in excess of 50�000 people.

EROSION POTENTIAL
One must now extend the analysis to ensure adequate grass cover 
to render an aesthetically pleasing visual appearance that does 
not excessively erode during summer rains, and thus avoids silt 
pollution of rivers and lakes. Research by Zhanyu et al. (2015) 
indicates, albeit for orchard land, deposition rates of nearly 40 
tonnes/hectare/year for slopes of some 20°.

This value rises to nearly 85 tonnes/hectare/year for slope 
angles of 30°, and corresponds with many personal visual 
observations over many years where, for slopes with gradients 
exceeding 1:2.0 (26°), it is nearly always impossible to retain 
topsoil and concomitant grass vegetative growth.

Einstein (1947) famously stated, “The theory must not contra-
dict empirical facts.” This highlights the importance of looking 
around and seeing what works.

Figure 4 depicts a variety of slopes on a section of road in 
the Himeville vicinity completed more than 10 years ago. Slope 
angles measured with an Abney level were generally some 34° 
(1:1.5) but varied from 25° to 40°. As is apparent, no or very little 
topsoil is retained while grass cover is mostly absent, although 
some hardy trees have managed to establish.

Other work in Indonesia by Siswanto and Sule (2019) indi-
cates that if slope gradient changes from 16° – 25° to 26° – 40°, 
the erodibility index increases from 0.018 to 0.067 (a factor of 
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nearly�4) for forest land. This appears to 
confirm the general trend that as slope 
angles increase above some 20°, erosion 
rates increase alarmingly, as visually 
observed.

Vetiver grass may well be used on 
slopes as its ability to retain soil cover 
and combat erosion is well known due to 
a root mass that establishes very quickly 
after planting. This author observed 
70° cut slopes some 5 m to 6 m high in 
Swaziland where residual granite, weath-
ered to sandy/gravelly clayey silt, was 
cut into some 100 mm wide ledges and 
Vetiver tufts hand planted at 300 mm cen-
tres along these ledges. This method was 
successful in ensuring stability and rapid 
growth of this grass type which mitigated 
erosion. However, planting Vetiver by 
hand is expensive when compared to 
conventional machine hydroseeding.

To ascertain why this technique was 
successful in maintaining stability it 
was reasoned that in-situ material shear 
parameters of G7 material were relevant. 
Utilising, as before, an extrapolation of 
Theyse (1996) this equates at 50% i.e. 
average confidence level to shear strength 
parameters of:

c = 19.8 kPa 
�  = 35.7° 
� = 20 kN/m 3

Reasoning that such a steep slope (70°) 
would shed water very quickly, chart 1 of 
Hoek and Bray (1981), i.e. “dry” is appro-
priate, calculates an FOS of 1.44. Reason 
for stability is thus confirmed.

BENCHMARK GEOTECHNICAL DESIGNS
Many common problems in geotechnical 
engineering were presented by Day (2020) 
and respondents were asked their take 
on the various cases. One was a 6 m high 
road embankment in sand and clay with 
questions posed as to recommended 
slope angles. Respondents’ answers to the 
benchmark questions returned values 
from 17.2° to 83° depending on whether 
the slope was assumed to be composed of 
sand or clay.

The reviewer’s answer (Day and Briaud 
(2022)) for sand slope was “… the analyses 
by TC 304 (Jiang et al. 2020b) found 
that a slope angle of 17.2° resulted in a 
probability of failure of 1.10–3 and that the 
slope would have to be flattened to less 
than 14° to achieve a failure probability of Figure 4  A variety of slopes on a section of road in the Himeville vicinity
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1.10-4 for a sand slope while for clay slope 
the reliability analysis by TC 304 (Jiang et 
al. 2020b) showed that the probability of 
failure of an undrained, uncracked slope 
cut at 83° is 1.10–2, at 56° is 1.10–3 and at 
34° is 1.10–4.” The reviewer’s response was 
that, “There are too many different com-
binations of parameters to permit a more 
theoretical analysis of this problem.”

Frustration of the reviewer is obvious. 
However, road cutting slopes, be they in 
clay or sand, must be detailed and the 
recommendation below is pertinent.

SUMMARY AND RECOMMENDATION
A fairly simple analysis, as depicted above, 
indicates that for fills some 6 m high:

 �Q Risk-cost monetary conditions generate 
the steepest predicted side slopes of 33°

 �Q Utilising a required RI of 2.5 on 
average shear strength values to reflect 
third as opposed to first world expec-
tations of safety and assuming (with 
some justification) that safety factor is 
log-normally distributed, slope angles 
of 25° are optimal

 �Q Visual observations of slopes in this 
vicinity indicate that topsoil retention 
and grass cover are not ensured unless 
slopes are shallower than 22°.

Based on quoted research this latter value 
would satisfy ecological (restricted silt 
runoff), ethical (visually aesthetic), safety 
(RI� 2.7) and risk-cost considerations.

Cuttings should either be sloped at 
shallower than 1:2, if geometry allows, as 
this angle mostly satisfies safety, cost, risk-
cost and ecological conditions, or sloped at 
75° with concomitant lateral support reinforcement (soil nails/rock 
anchors) and a durable facing (shotcrete) if the slope is in soil or 
low-quality rock. However, if good quality rock is present then lat-
eral support may be eliminated, provided careful blasting designed 
by a suitably qualified expert is undertaken to minimise back blast, 
and the slope is suitably cleaned of all loose rock fragments.

Slope angles of less than 75° may be used only where a large 
arrestor area is present between the slope base and the edge 
of roadway, or where some form of safety netting is installed 
over the cut face to limit rocks exiting the slope with any raised 
velocity. According to Ritchie (1963), 75° is chosen because rocks 
traversing the crest will merely plop into the side drain below 
without bouncing.

Figure 5 depicts cuttings on a recently completed section of 
road, where the above criteria were applied. It should be noted 
that no cut-off trench at slope top was used as sheet water flow 
was encouraged to overtop the slope, thus naturally staining and 
weathering the shotcrete facing over time with natural vegetation 
being established in the artificial receptacles. It should also be 
noted that vegetation at slope base would trap any accumulated 
silt and prevent clogging of streams, rivers and dams.

Those areas where rivulets or streams were encountered were 
handled with localised culverts, weirs and/or bridges.

Any slope angle between 25° and 75° should NEVER be used 
for cuttings because:

 �Q Topsoil will not be retained, and large-scale erosion will occur 
as grass cover cannot be established.

 �Q Rock bounce onto the carriageway below will occur, with 
concomitant danger to the public, vehicles and infrastructure 
as well as possible expensive litigation should loss of life occur.

If shallow slope angles are used, topsoil 120 mm thick should be 
placed just prior to the growing wet season and planted with suit-
able grasses whose roots can preferably penetrate the topsoil and 
anchor into underlying material, ensuring a stable system. If rains 
do not start immediately, it may be necessary to hand water the 
area to facilitate initial germination.

Visual aesthetics are enhanced if slope edges are rounded to 
blend with natural contours.

REFERENCES
References have been excluded due to space limitations. For a full 
list of references please contact the author. 

Figure 5 A recently completed section of road sloped at 75°
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Nico describes himself as someone 
who is easily bored. But his career 
has provided such a variety of in-

teresting projects that after 30 years he is 
still excited to get to work every morning. 
“It’s that variety and challenge that has 
kept me going for so long, along with the 
opportunity for learning. Although many 
of my colleagues would consider me to be 
an ‘expert’, I don’t see it in that light. I see 
projects that come my way as opportuni-
ties to learn and explore,” he explains.

Nico grew up on a small gold mine 
near Krugersdorp, which provided an 
ideal environment for a child with a big 
imagination. He grew up in a world of 
sport, culture, and academics, but it was 
the discovery of computers that sparked 
a flame that still burns bright today. 
He ultimately decided to study civil 
engineering, and from there his love for 
geotechnical engineering grew.

Nico started his career as a researcher 
and lecturer at his alma mater, the 
University of Pretoria (UP), where he had 
the opportunity to study under and work 
with global leaders in the geotechnical 
field, most notably Prof. Eben Rust.

International collaborations provided 
amazing opportunities for Nico. One such 
example was a 1991 project involving 
the Broodsnyersplaas-Richards Bay 
coal export line – a key facility used by 
most of the coal mines in the Witbank 
area. Prof. Willie Ebersöhn was tasked 
with investigating and assessing the 
maintenance operations on the railway 
line and collaborated with Prof. Ernie Selig 
from the University of Massachusetts, 

who famously designed the landing pads 
(foundations) of the first lunar module 
to land on the moon. Nico assisted with 
the project, undertaking world-class 

instrumentation, monitoring and testing 
on the railway formations to identify 
which areas of the line needed mainte-
nance and the urgency thereof. Through 
preventative maintenance, the project 
resulted in significant annual savings for 
the lineoperator.

Later, in 1996, Nico had the op-
portunity to undertake some work in 
England with Prof. Chris Clayton who ran 
a geotechnical testing laboratory called 
Surrey Geotechnical Consultants (SGC). 
SGC had been tasked with the advanced 
testing of the soils that would have been 
the foundation of the Millennium Tower. 
At a height of 386 m with 92 floors, the 
Millennium Tower would have been the 
tallest building in Europe and the 6th 
tallest in the world at that time. During 
the project Nico had the opportunity 
to work with Prof. John Atkinson from 
Arup, one of the best-known geotechnical 
engineers in the world, and describes 
the project as an incredible experience. 
Unfortunately, the project was abandoned 
due to Heathrow Airport objecting to the 
disruption that such a tall building would 
have on flight paths. Today the ‘Gherkin’ 
stands in its place.

After spending eight years at UP, Nico 
went on to join Jones & Wagener as a 
consulting geotechnical engineer. His first 
big project after joining the company was 
at the Port of Ngqura in 2003. The project 
involved the development of a deep-water 
port facility near Port Elizabeth, located in 
the Coega Industrial Development Zone.

Nico, working under the guidance of 
his colleague and mentor Prof. Peter Day, 

PROFILE

Part science, part art, part magic 
Dr Nico Vermeulen re�ects on a 
career in geotechnical engineering
Dr Nico Vermeulen, who has been a member of SAICE’s Geotechnical Division since the 90s and has more 

than three decades of experience in the geotechnical field, is the most recent recipient of the South African 

Geotechnical Medal. He describes it as a great honour to have been considered worthy of such an award and a 

privilege to be sharing it with some of the greatest geotechnical minds in the world.

Dr Nico Vermeulen

Nico, a young engineer in training
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was responsible for the excavation and de-
watering designs as part of the temporary 
works for the facility. To achieve this, a 
protection wall had to be built embedded 
in the beach and nearshore sands to keep 
the sea out while the contractor excavated 
20 m down to bedrock to allow for 
conventional construction of the concrete 
quay walls in dry conditions.

“It was a particularly rewarding 
experience because it was one of those 
lucky projects where the developer, client, 
contractor and consultant all worked 
together with the same purpose and ob-
jectives, and that synergy resulted in the 
successful completion of the first phase of 
the harbour works in 2009,” says Nico.

Another notable project for Nico was 
the investigation and design of the founda-
tions for an ISASMELT furnace for a 
copper mine in Zambia. The furnace, ele-
vated almost 10 m above the ground, could 
create ‘bubbles’ more than 1 m in diameter 
within the molten metal that instantane-
ously implode, causing massive dynamic 
loads on the supporting structure and 
foundations. These loads combined with 
difficult founding conditions made the 
project a challenging one. Nico, working 
together with John Kempe and Gavin 
Wardle, developed an innovative solution 
to founding this complex structure using a 
cruciform caisson foundation as opposed 
to conventional piled foundations.

One of the larger projects Nico 
had the privilege of working on was 
the geotechnical investigations for the 
Mmamabula power station in Botswana. 
The project was a collaboration between 
Jones & Wagener and Africon (now Zutari) 
and involved a large, full-scale ground 
investigation for a ‘six pack’ coal-fired 
power plant similar in scale to Medupi and 
Kusile. “We worked with a Chinese con-
sultant, Shanghai Electric, that would have 
constructed and operated the facility, so I 
had the opportunity to spend some time 
in Shanghai working with their engineers 
towards developing foundation solutions 
for the power plant and its ancillary struc-
tures,” recalls Nico. Unfortunately funding 
was never secured, and the project was 
abandoned.

After spending around two decades 
focused on investigative and design 
engineering, Nico has now shifted his 
focus to dispute resolution and litigation 
as well as geotechnical aspects of tailings 
engineering. He often acts as an expert 

witness for engineering disputes and is a 
certified arbitrator with the Association of 
Arbitrators (Southern Africa).

A LIFE OF LEARNING
It is in the learning aspect of his career 
that Nico has found his passion and 
inspiration. “It’s about finding practical 
solutions to challenging and difficult 
problems because soil, as an engineering 
material, is probably one of the most com-
plex materials to ‘engineer’,” he explains.

The mechanical behaviour of soils 
depends on complex interactions between 
four distinct phase components: solids 
(grains), fluid (water), vapour (air), and 
the meniscus membrane that constitutes 
the air-water interface. “Even today, with 
all the technology and innovation that we 
have, I don’t think we fully understand 
how these four phases interact. To me, 
geotechnical engineering is part science, 
part art and part magic. Who wouldn’t be 
passionate about something like that?”

This is why experience and ‘gut feel’, 
otherwise known as engineering judge-
ment, become so important, says Nico. 
“You can be taught up to a point, but you 
can only become a complete geotechnical 
engineer once you get your hands dirty 
to gain the appropriate experience and 
develop your intuition.”

Placing a strong emphasis on learning, 
Nico is involved in mentoring on several 
levels. He works with both the Universities 
of Pretoria and the Witwatersrand 
presenting lectures and working as an 
external supervisor and examiner of post-
graduate research�projects.

Nico is often invited to present guest 
lectures by the SAICE Geotechnical 
Division and the South African Institute 
for Engineering and Environmental 
Geologists (SAIEG). “Adding these kinds 
of opportunities to my normal workload is 
what feeds the academic in me, while cre-
ating opportunities to connect with fellow 
geo-practitioners in South Africa,” he adds.

LEADING THE NEXT GENERATION
“Receiving an award like this places an 
enormous responsibility on your shoul-
ders,” says Nico.

Upon receiving the Geotechnical 
Medal, the recipient is asked to deliver a 
presentation outlining their life and career. 
In the days after delivering his presenta-
tion, Nico was surprised by the number 
of young people who contacted him, 

motivated by him sharing his experiences. 
“It dawned on me that, as the recipient 
of this award, or even just as a senior 
geotechnical engineer in what is a relatively 
small community in South Africa, there is 
a massive responsibility on our shoulders 
to mentor and take care of the young 
engineers entering the industry.”

Nico feels privileged to have spent 
his career working with some of the best 
geotechnical engineers in the world and is 
concerned about the state of mentoring in 
the local sector due to the lack of available 
resources. He argues that professionals at 
his level should be spending a large por-
tion of their time mentoring but are in-
stead still heavily involved in engineering 
work because there simply aren’t enough 
experienced engineers available. As a 
result, they don’t have the time to teach 
and mentor young engineers.

THE FUTURE OF GEOTECHNICAL 
ENGINEERING
Reflecting on recent developments, Nico 
believes the South African geotechnical 
community is entering an exciting phase 
marked by a massive growth spurt. “In 
fact, I think we are probably in one of the 
most exciting times for civil and geotech-
nical engineers – possibly in the history of 
engineering,” he says.

While this is exciting for the industry, 
it unfortunately stems from the several 
catastrophic, fatal failures in tailings dams 
over the last 20 or so years. These include 
the Brumadinho tailings dam in Brazil 
and closer to home the Jagersfontein dam 
failure. Following failures like this around 
the world, the Global Industry Standard 
on Tailings Management (GISTM) was 
introduced, bringing with it international 
best practice protocols.

According to Nico, South Africa has 
fallen behind the rest of the world when 
it comes to tailings dam characterisa-
tion and is now playing catch up. The 
country’s tailings dam facilities all need 
to be audited and shown to comply with 
the GISTM principles. Where they don’t 
comply, mitigation measures must be 
implemented to ensure the safety of the 
facility, the public and the environment.

“So locally we are now in a stage of 
growth, learning and development to up 
our game to reach these international 
standards,” explains Nico.

“For example, I am now learning about 
applying earthquake engineering principles 
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to tailings facilities. Historically in South 
Africa we never really considered the 
effects of earthquakes on tailings dams, or 
where we did it was on a very superficial 
level. To comply with current best practice, 
we have to do this in far greater detail, and 
it is a massive learning experience for all 
of us. I find it incredibly challenging and 
exciting at the same time.”

PERSONAL LIFE
In addition to a busy career, Nico has a 
broad range of interests. He is an avid 
collector and builder of LEGO, especially 
LEGO Technic. He is also a serious 
gamer and particularly enjoys military 
simulation gaming on platforms such as 
ARMA and DCS. Originally developed as 
a realistic virtual training and simulation 
platform for global militaries and urban 
security enforcement agencies, ARMA 
was spawned as a more commercial var-
iant for the serious-minded gamer. Nico is 
part of Zulu-Alpha, an online community 
in South Africa that trains, conducts 
missions and competes internationally in 
simulated war campaigns. Other hobbies 

include electronics, microcontrollers, and 
coding, among many others.

Nico is married to Ulrike and is the 
proud father of three sons, Nicolas, Tristan 
and Benjamin. “In a world where work, play, 
and social media place such high demands 
on our time, the importance of quality 
time with my family cannot be overstated. 
Faith and family are what keep me sane and 
grounded in all the craziness.” 

About the Geotechnical Medal

The South African Geotechnical Medal was 
instituted by the SAICE Geotechnical Division 
in 1989 to honour members of the Institution 
who have made a signi�cant contribution to 
the �eld.
 The medal is awarded to an individual 
who, in the unanimous opinion of the 
division committee, has made a signi�cant 
contribution to furthering the art and science 
of geotechnical engineering in South�Africa

The Vermeulen family
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This ADF expansion and its 
associated infrastructure will 
accommodate the ash generated 

from the power station until February 
2032. A crucial aspect of the contract is 
to prevent any potential contamination 
of groundwater by the ADF. It will also 
facilitate the recycling of clean on-site 
water to the power station to limit offtake 
from other�sources.

According to Pierre van Vuuren, 
contracts manager at Concor, the new 
infrastructure will support the continuous 
placement of ash from the power station 
without putting the environment at risk.

The design of the civil works ensures 
that clean water is always kept separate 
from polluted water. According to Van 
Vuuren, the main elements of the contract 
include the ADF itself, two HDPE-lined 

ENVIRONMENTAL ENGINEERING

Putting Kendal ash disposal facility 
on a �rm environmental footing
A joint venture between Concor and Lubocon Civils is busy with the critical enlargement of the ash disposal 

facility (ADF) at Eskom’s Kendal Power Station near Ogies, paving the way for an environmentally compliant 

future for power generation.

V-drain system under construction 
with existing ADF on the left
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Finalising the construction of silt trap 1 adjacent 
to the ash dump’s water channels



earth dams for clean and polluted water 
respectively, silt traps, a stream diversion 
and a separate concrete V-drain channel 
system for clean and dirty water.

The Concor-Lubocon JV has been on 
site since June 2020, and project comple-
tion is planned for August 2023.

CONTINUOUS ADF
The focus of the contract is the ADF itself, 
being constructed as a continuation of 
the existing disposal and adding another 
65 ha to the ADF footprint. This work 
began with the excavation of the ADF 
basin area to expose the in-situ clay soils. 
Selected excavated material was used for 

constructing a 1.5 m starter embankment, 
while topsoil and excess material was 
stockpiled on site.

“The ADF design includes a subsoil 
drainage system which allows clean 
groundwater to run into the clean water 
dam. An impermeable liner system will 
be placed over this infrastructure, and 
another drainage system installed above 
the liner. This system allows water con-
taminated by ash to be channelled to the 
pollution control dam – from where it can 
be used for dust suppression applications,” 
explains Van Vuuren.

The process of installing the liner in-
volves constructing two 150 mm thick low 

permeability clay layers across the base of 
the facility. This forms the soil part of the 
composite liner system, with low perme-
ability clay material being sourced from 
the basin excavation.

“Above the liner, we will install a 
leachate collection system in a herring 
bone layout. This will consist of slotted 
HDPE pipes covered with a filter material 
of washed stone, pea gravel and filter 
sand,” he continues.

DAMS 1 AND 2
Two HDPE-lined earth dams are being 
constructed close to the ADF, with 
Dam�1 for polluted water and Dam 2 for 
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The second compartment of the 
pollution control dam under construction.

Silt trap for the new ADF under construction, with 
Kendal Power Station visible in the background
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clean water. Dam 1 will have capacity for 
130�000 m3 while Dam 2 will cater for 
257�000 m3. Each dam is compartmental-
ised into two basins, with each basin floor 
receiving a 150 mm concrete ballast layer, 
constructed on top of the HDPE liner.

“Constructing these dams required the 
excavation of about 400 000 m3 of earth. 
The dams are HDPE-lined earth struc-
tures, and they also require a drainage 
system and the careful preparation of 
layer courses below the concrete basin,” 
says Van Vuuren.

This includes a 300 mm clay layer 
constructed in two 150 mm thick layers, 
to form part of a class C containment bar-
rier system utilising in-situ clay material 
obtained from the pollution control dam 
and ADF excavations. Solid HDPE and 
perforated pipes of 160 mm in diameter 
were installed, as well as separation geo-
fabric around the filter drains. These have 
been checked by specialised cameras to 
ensure the drainage system remains clear.

A 1.5 mm thick HDPE geomembrane 
will be used on the base of the dams, as 
well as on the inner side slopes, on top 
of which a geotextile layer will be placed 
for protection. A 50 mm thick concrete 
blinding layer will then be constructed 
before a 150 mm thick ballast layer com-
prising a 30 MPa concrete slab is placed 
over the entire dam basin footprint.

Between the dam compartments are 
two concrete internal spillways. There are 
also four external spillways.

Immediately upstream of the two 
dams are two concrete silt traps, 
upstream of which are stormwater diver-
sion trenches. The dams and surrounds 

are estimated to consume 22 990 m3 of 
concrete.

STREAM DIVERSION
The stream diversion has been a signifi-
cant aspect of the project, channelling 
clean water for 3 km around the new ADF 
area. Built to withstand 1-in-100-year 
floods, the stream is about 30 m wide, 
with a base width of 10 m and embank-
ments of 10 m on each side.

Apart from the excavation work, the 
scale of this endeavour is well demon-
strated by the work that went into the 
gabion lining of the stream. There were 
more than 4 100 gabion baskets, each 
measuring 1 m high × 1 m wide × 3 m 
long. In a highly labour-intensive exercise, 
these baskets were hand filled with over 
42 000 t of gabion rock by some 120 
workers over 19 months.

There are four types of design cross-
sections over the stream’s length, and 
more than 2�000 Reno mattresses were 
used in the construction process.

“The Type A section of the stream 
is lined with gabion baskets with a 
biodegradable blanket to prevent erosion 
of topsoil and facilitate rapid growth of 
plants,” explains Van Vuuren. “Type�B 
is the flat portion of the stream, while 
Type�C comprises 17 steps where the 
stream descends more steeply. Type D, 
similar to Type A, has wetland material at 
the bottom and topsoil on the sides.”

Also critical to the project is 16 km of 
water channels – 8 km for clean water and 
8�km for polluted water, running side by 
side. Over 16 700 m3 of concrete will be used 
to construct these V-shaped structures.

LOCAL IMPACT
The local economy and communities have 
benefited extensively from focused efforts 
by the Concor-Lubocon JV in procure-
ment, job creation and training.

“Our Supplier Development Plan 
was developed to include exempt 
micro enterprises and qualifying small 
enterprises from various towns sur-
rounding the Kendal Power Station. These 
included towns in the Nkangala District 
Municipality such as Phola, Ogies, 
Madlakadlaka and Emalahleni,” says 
Van�Vuuren.

The project has achieved a target of 
85% local content, procuring local sup-
plies and services including transport, 
toilets, plant hire, medical and security 
services, accommodation, materials, 
consumables and site establishment.

“Almost 450 local workers have 
been employed by the project, including 
employees of subcontractors. We engage 
with local community structures when 
recruiting and ensure that employment 
opportunities are equitably shared by 
residents in local towns and villages,” he 
continues.

Skills development has also been 
an exciting aspect of the ADF project, 
with training being provided in various 
departments within the contractor’s 
team. Among the fields in which people 
have been upskilled are administration, 
quantity surveying, mobile plant opera-
tors, steel fixing, safety, environment, civil 
engineering and land surveying. Interns 
have also been selected to participate in a 
skills development programme in limited 
duration contracts. 

Subsoil drainage network 
being installed for new ADF
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The first set of regulations to the 
electricity state of disaster were 
gazetted on 27 February 2023 and 

may impact several areas.

LESS RED TAPE?
It stands to reason that procuring more 
electricity generation at speed would be a 
priority in an energy crisis. Consequently, 
independent power producers (IPPs) 
may benefit from reduced red tape in the 
process of getting approvals to bring pro-
duction projects online. Procuring related 
goods and services may also be simplified 
to speed things up.

The regulations enable specific direc-
tions to be issued during the state of 
disaster, such as:

 �Q Removing barriers to developing and 
building new generation capacity

 �Q Streamlining and speeding up applica-
tions and decision-making on energy 
expansion projects. Examples may 
include environmental authorisations, 
condonations and exemptions associ-
ated with energy infrastructure and 
generation

 �Q Energy infrastructure upgrades and 
repairs may not have to comply with 
aspects of the National Environmental 
Management Act

 �Q Expediting the appointment of original 
equipment manufacturers (OEMs) 
to fast-track Eskom’s delivery of the 
Generation Recovery Plan.

Despite the directions that can be 
issued under the state of disaster, 
legislation that governs procurement 

by public institutions will remain in 
place. These are the Public Finance 
Management Act (PFMA), Municipal 
Financial Management Act (MFMA) 
and Preferential Procurement Policy 
Framework Act.

However, the PFMA and MFMA do 
contain emergency provisions that apply 
during the state of disaster. To curb 
the abuse of the system and corruption 
experienced during the Covid-19 state of 
disaster, any goods or services procured 
under these emergency provisions must 
be published and reported to Parliament 
within a month, including reasons for 
deviating from the normal procurement 
procedures.�Accounting officers are 
required to take steps to ensure that anti-
corruption measures are implemented 
during emergency procurement.

Specific regulations governing PFMA 
and MFMA emergency procurement pro-
cedures have not yet been published, but 
there are strict confines in both acts, so it 
will be interesting to see how they can be 
amended during the state of disaster.

LOADSHEDDING AS A CLAIM 
FOR TIME AND/OR DAMAGES
The energy crisis has impacted numerous 
clients and contractors in various ways. 
Affected contractors are seeking advice 
on whether loadshedding, or the unavail-
ability of electricity, is an employer or a 
contractor risk. The answer depends on 
the form of contract between the parties. 
Since loadshedding first became a reality, 
I have seen several contracts that specify 
lack of electricity as a contractor risk. In 
that case, the contractor needs to allow 
for additional time taken to complete the 
work, and/or costs for generators.

In contracts that were not as 
prophetic, the now well-known force 

majeure clause in standard form contracts 
would be the most obvious place to seek 
answers. The FIDIC Red Book refers to 
force majeure as an exceptional event. The 
question is whether loadshedding would 
be an exceptional event, given the history 
of loadshedding in the country.

New contracts being concluded now 
would need to anticipate loadshedding 
in the immediate term and provide for 
this in the contract. It is no longer an 
exceptional event; the electricity shortage 
is unlikely to be solved quickly.

CHANGES IN LAW
The Covid-19 state of disaster represented 
a change in law in some contract forms. 
This had far-reaching consequences for 
employers under the standard form FIDIC 
construction contract – the contractor 
was entitled to an extension of time and 
the payment of costs as a result of the 
change in law.

Based on what has been gazetted to 
date, this change in law does not have 
significant time and cost impacts on 
contracts already signed and in place. 
Contracts entered into during the state of 
disaster must carefully consider regula-
tions that only apply while the state of 
disaster is in effect.

QUICKER DISPUTE 
RESOLUTION PROCESSES
Over the past few years, dispute avoid-
ance clauses have been included in the 
most common standard form contracts 
(FIDIC 2017 and NEC4). The purpose 
of these clauses is to identify early 
interventions to avoid or limit the extent 
of disputes.

The state of disaster regulations 
published do not specifically address the 
avoidance of disputes. 

INDUSTRY PERSPEC TIVE

How SA’s new state of disaster could 
a�ect construction contracting

Natalie Reyneke
Director
MDA Attorneys

South Africa has declared a state of disaster in response to the longest and most intense power cuts in the 

history of the country. The previous state of disaster during the Covid-19 pandemic had significant knock-on 

effects for the construction sector, with specific legislation necessitating far-reaching changes.
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One of the most effective ways to 
achieve skills development and 
job creation is through learner-

ships. An integrated skills development 
intervention, learnerships are aimed at 
promoting growth in employment and 
facilitating capacity building across sec-
tors to address scarce and critical skills 
shortages.

Learnerships are attractive for 
businesses since a Broad-Based Black 
Economic Empowerment (B-BBEE) score 
and tax benefits are available, however, 
managing these programmes can be a 
massive undertaking. Here, it is advisable 
for companies to partner with an ac-
credited training provider to sidestep the 
system while gaining all the B-BBEE and 
tax benefits with none of the associated 
administrative and compliance burdens.

In short, outsourcing their learnership 
programmes is the business hack every 
company should embrace in 2023.

WHAT IS THE BIG DEAL 
ABOUT LEARNERSHIPS?
Currently managed by the Sector 
Education and Training Authorities 
(SETAs), learnerships are directly related 
to particular occupations and roles. 
They provide a pathway that leads indi-
viduals through to accredited National 
Qualifications Framework (NQF) quali-
fications. Learnerships ensure that more 
people are trained for a specific working 
environment, and businesses benefit from 

having a more skilled and experienced 
workforce.

Through such skills development 
programmes, learners are now able to 
further their education while employees 
contribute to the establishment of a pool of 
skilled labour that can either be absorbed 
permanently into their organisations or 
redirected to be of benefit elsewhere in the 
industry. In a format that combines struc-
tured learning with hands-on work experi-
ence, learnerships are key to ensuring 
that individuals are equipped with the 
theoretical knowledge necessary to work 
in their field and the practical know-how 
necessary to secure a job in that field.

However, as attractive as the business 
benefits of learnerships may be, companies 
generally have to source eligible candidates 
and have them vetted and onboarded, all 
of which direct time and resources from 
other core functions of the organisation.�

DEVELOPING ESSENTIAL SKILLS
An experienced training provider can 
step in here, and take on the recruitment, 
enrolment, and management of the right 
candidates for the company’s learnerships. 
As training and employee development 
specialists, it is their core business to help 
their clients align with the requirements 

of learnership programmes. An enterprise 
can participate in facilitating 12-month 
work experience programmes for unem-
ployed youth by either:

 �Q Sponsoring and hosting youth within 
their business

 �Q Sponsoring placements elsewhere 
within an existing SME/supply chain

 �Q Providing hosting to the benefit of a 
new SME.

HOW DO LEARNERSHIPS 
BENEFIT EMPLOYERS?
From B-BBEE scores to tax incentives, 
there are several noticeable benefits 
when implementing learnerships in the 
business:

 �Q Contributing to skills development, job 
creation and economic growth, while 
boosting the company’s productivity 
and adding to its value through the 
employment of skilled, knowledgeable, 
and competent employees.

 �Q Establishing a pool of properly trained 
and experienced employees with 
critical skills to draw from gives the 
business a clear competitive edge in 
the industry.

 �Q Being committed to skills development 
positively impacts the company’s 
B-BBEE status, improving employ-
ment equity targets by enabling 
previously disadvantaged employees 
or unemployed individuals to upskill 
themselves and earn qualifications.

 �Q There are learnership tax incentives 
that allow employers to claim up to 
R120 000 per individual that com-
pletes their qualification, along with 
monthly employment tax incentives 
for every employee hired between the 
ages of 18 and 29. 

Learnerships can be a business hack 
for SA companies – if they do it right

Daniel Orelowitz
Managing Director
Training Force

Despite being Africa’s most industrialised nation, South Africa has one of the highest unemployment rates in 

the world and is currently struggling with low GDP growth in the thick of global market uncertainty. Economic 

recovery and growth are desperately needed, but this requires job creation and skills development to meet our 

country’s current and future needs.





Construction sites, business 
enterprises and infrastructure 
development are among the enti-

ties targeted by what the media calls the 
“construction mafia”. They call themselves 
“business forums”, while law enforcement 
agencies term these syndicates “illicit 
business forums.”

These are individuals or groups who 
use the threat of violence and unrest 
to demand money (typically 30% of the 
contract or development value), subcon-
tracting or a share in the project under 
the pretext of providing employment and 
inclusion of the communities in which the 
development or enterprise is taking place.

These illicit business forums 
target multiple construction sites and 
developments, causing delays in critical 
infrastructure rollout. Incidents have been 
reported from state-funded construction 
sites, privately-owned and funded devel-
opments, and businesses.

The perpetrators gain sympathy from 
police, policy makers and political role 
players by hiding their criminal enterprise 
behind a job creation and radical trans-
formation narrative. This is compounded 
by the concerns that law enforcement 
agencies seem reluctant to get involved due 
to incidents like that at Marikana as well as 
a directive stating that minor cases such as 
intimidation should not result in unneces-
sary arrests. Law enforcement agencies 
appear unsure of the nature of the offences 
as well as their mandate to act.

Illicit business forums in 
South�Africa: a survey – Part 1

Trish Armstrong
Lecturer
School of Law
Varsity College Pretoria
metropolicesa@gmail.com

Jacqui Meyer
Programme Manager
School of Law
Varsity College Pretoria

In an effort to investigate the phenomenon of the South African 

construction mafia, interviews were conducted to get an in-depth 

understanding of these illegal business forums, how they operate, and 

the scale of infiltration into the industry. This article forms part 1 in a 

series that will unpack the research.
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The actions of the illicit business 
forums are arguably systemic extortion, 
and it was ultimately concluded that an 
integrated multi-disciplinary approach 
is imperative to deal with the criminal 
activities of these forums.

EXTORTION
The common law definition of extortion, 
as defined by the South African Police 
Service (SAPS), is understood to mean, 
“taking from another some patrimonial or 
non-patrimonial advantage by intention-
ally and unlawfully subjecting that person 
to pressure which induces him or her to 
submit to the taking.”

Thus, extortion is a crime where a 
person or company, the victim, is sub-
jected to some threat of violence, damage 
to property, assault or unrest unless the 
victim gives “something” – usually money, 
property, contracts or employment.

According to the United Nations, the 
actual exchange of the patrimonial or non-
patrimonial advantage is not required, but 
the threat must be of such serious nature 
that a reasonable person would believe the 
threat to be real and�eminent.

Episodic extortion can be seen as an 
organised crime activity which takes 
place sporadically and is aimed at a single 
target, whereas systemic extortion is 
recognised by the targeting of multiple 
victims defined by a well-organised 
systemic criminal system in a Mafia-style 
criminal enterprise.

The existence of the construction 
mafia has been recognised as a serious 
threat to critical infrastructure, housing 
and development since 2015, and several 
investors have withdrawn from projects 
as a result. To date, this threat has expo-
nentiated and trust in law enforcement 
agencies is ebbing.

The actions of the construction mafia 
have led several developers to either file 
for business rescue or close their doors. 
Projects are often delayed for months, 
deadlines missed, and contract costs 
rapidly increased.

As will be demonstrated, our research 
shows that there is a disconnect in the 
understanding of victims’ available legal 
recourse and the criminal actions of the 
illicit business forums.

RESEARCH METHODOLOGY
The research was undertaken using 
two methodologies. The first involved 

semi-structured interviews and online 
questionnaires with several role players 
within the construction and infrastructure 
development industry, including business 
owners, law enforcement agencies and 
members of business forums. Participation 
in interviews was done on condition of 
anonymity due to the high possibility of 
retaliation against participants.

The second method involved black letter 
desktop research into the applicable legisla-
tion, namely the Preferential Procurement 
Policy Framework Act, 2000 (PPPFA) and 
the Expanded Public Works Programme.

The questionnaires targeted three 
different groups:
1. The victims of illicit business forums 

such as contractors, developers, 
companies who install fibre, business 
enterprises, and professional bodies 
to understand their experiences, their 
interaction with law enforcement and 
to get a general idea of the magnitude 
of the problem, if any.

2. Law enforcement, which was asked to 
share its strategies, special training to 
deal with the forums, and experiences.

3. An attempt was made to discuss the 
concepts with known associates of 
illicit business forums currently in a 
judicial diversion programme after 
guilty findings to get a sense of why 
these crimes are being committed, 
the motivations for their conduct, and 
connected crimes, if any.

The aim of the interviews was to gain an 
in-depth understanding of the illegal busi-
ness forums, how they operate as well as 
the scale of infiltration into the industry.

ROLE PLAYERS: SETTING THE SCENE

Security companies
The role of security companies, who are 
mandated to protect clients’ property, 
needs to be mandated and should be 
included in a comprehensive all-inclusive 
strategy between the SAPS, metro 
police and the Private Security Industry 
Regulatory Authority (PSiRA). Specific 
training needs to be developed for all law 
enforcement agencies, including security 
companies, to comprehensively enable 
them to identify and deal with illicit busi-
ness forums and their criminal activities.

Community liaison o�cers
Although there is no legislated impera-
tive, most construction companies are 

forced to appoint a community liaison 
officer (CLO) by the syndicates or the 
community. The CLO generally serves as 
a liaison between the community and the 
contractor and is usually only appointed 
for state tenders (where the 30% comes 
into play) as the contractor has a contrac-
tual obligation to appoint subcontractors, 
preferably from the community.

Although the PPPFA does not refer 
to the appointment of labourers and 
general workers, there is often a need to 
employ such. A CLO will be responsible 
for receiving applications from the com-
munity seeking employment as labourers, 
general workers and ad hoc workers, and 
ensure that medical testing and other 
legislative prescriptions are in place before 
a member of the community can take up 
employment. The CLO must ensure that 
the applicant can prove residency and 
that the residency is within the municipal 
ward where the development or construc-
tion is taking place.

The CLO is further responsible for 
mediating all labour disputes between the 
community and the constructor, such as 
working conditions and wages. The con-
tractor employs the CLO who is usually 
a respected and recognised community 
leader. The local ward councillor, as an 
elective from the community, will typi-
cally insist on a CLO of his/her choice on 
behalf of the illicit business forum.

A recommendation from the ward 
councillor as to who the CLO should be is 
acceptable – even preferable – but only as 
far as municipal contracts are concerned. 
It becomes problematic when the illicit 
business forums use ward councillors to 
insist on inputs during the appointment 
of national or private contracts or to 
further their criminal activities by placing 
a CLO with strong ties to the illicit 
business�forum.

In practise, the CLO has become the 
epicentre of the criminal enterprise. The 
illicit business forums will demand that 
the CLO of their choice be appointed on 
their recommendation. They demand 
employment of their preferred CLO on all 
sites – private and state – despite there 
being no need to employ a CLO at private 
developments. If their demands are not 
met, the construction site is prohibited 
from operating, usually with violence.

Once the CLO is appointed, he/
she controls the employment of general 
workers, as prescribed by the illicit 
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business forums. This includes support 
functions such as security services. The 
illicit business forums will now be in total 
control of the construction site.

Next, the CLO usually establishes 
a labour desk, which implies that more 
members of the illicit business forums 
are employed. The labour desk will take 
over the function of awarding tenders to 
subcontractors as per stipulations in the 
Preferential Procurement Regulations 
(PPR), often exceeding 30% of the contract 
value. The formulas as per the PPR will 
not be applied, and contractors are ap-
pointed on the basis of good standing 
with the illicit business forums.

The labour desk will not consider 
expertise, financial stability, or ability to 
perform the work based on experience 
and technical capabilities when awarding 
the subcontracts. This has dire conse-
quences, including poor workmanship, in-
ability to timeously deliver work, inability 
to purchase material and equipment, and 
large portions of the work needing to be 
re-done. This results in delayed projects 
and increased costs as well as fines for the 
construction companies.

Any attempt by the company to 
ensure quality control, or any form of 
resistance from the construction cohort, 

is met with violent protest action and 
work stoppage.

In several cases, companies prefer 
to simply pay the extortion money 
instead of dealing with the conflict and 
constant�threat.

Construction companies
Business owners and project managers 
of construction companies stated that 
the illicit business forums will arrive at a 
construction site and demand 30% of the 
total value of the project in employment, 
protection fees, subcontracting or as a 
“donation”. They will fraudulently indicate 
that they represent the local community 
and local emergent contractors.

The illicit business forums will also 
fraudulently promise local emerging 
contractors, subcontractors and the 
local community work. When the illicit 
business forums cannot deliver, they 
ensure that the construction site becomes 
unstable, with work stoppages and pro-
tests from communities and sometimes 
workers. They then offer to resolve the 
unrest at a fee, or request a protection 
fee, to the value of 30% or more of the 
project�value.

In addition to large projects, sites 
where the installation of fibre or other 

critical infrastructure, such as water 
pipes, is being installed are experiencing 
the same criminal activities by illicit busi-
ness forums. Moreover, the same group 
of extortionists usually operates at more 
than one site.

Many of the contractors who encoun-
tered illicit business forums did not open 
criminal cases. Their reasons for this are:

 �Q The business paid extortion money 
at some point and they fear criminal 
prosecution themselves

 �Q Station police at client service centres 
were unhelpful and they dismissed 
the complaints as labour disputes, 
which should be solved by roundtable 
discussions

 �Q Police change the charge from extor-
tion to intimidation

 �Q Detectives do not follow up after the 
case has been opened

 �Q Prosecution takes too long
 �Q Construction is often completed 

long before the case appears in court. 
The witnesses and in some cases the 
complainant in the case are no longer 
in the employ of the contractor and 
there is no means to get hold of them. 
For example, the construction mafia 
will threaten the safety officer. Once 
the contract is complete the safety 
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officer is no longer employed and has 
no further interest in testifying

 �Q Employees fear retribution from the 
syndicates

 �Q The process of obtaining an interdict 
or dealing with the syndicates is 
more costly than paying the extortion 
money

 �Q The manhours lost during shutdown 
periods is more costly than paying the 
extortion money.

The following are comments provided 
during interviews with construction-
related bodies.

South African Council for the Project 
and Construction Management 
Professions (SACPCMP)
The first response refers to a query 
from the Cape Times vis-à-vis the 
construction�mafia.

Question: I would like�SACPCMP to 
comment�on this announcement,�if it is 
something that is indeed much needed.

Response: The SACPCMP supports 
and appreciates the President’s action, as 
well as Government’s focus and support 
directed to the eradication of corruption 
and intimidation within the construction 
industry. Ensuring robust and ethical 
practices within the construction industry 
is vital to ensuring the development of 
the sector, and the SACPCMP supports 
measures that will ensure that good 
governance is maintained within the built 
environment at all times.

Question: Has SACPCMP received re-
ports in the province of this problem and 
how wide it is?

Response: The issue of construction 
mafias has been a long-standing problem 
within the built environment. The 
SACPCMP has made a number of inputs 
to industry discourse and conversation 
regarding the issue. In recent years, 
the SACPCMP opened its Voluntary 
Association platform to include vigorous 
discussion on the subject. The Council, 
along with SAFCEC’s CEO Webster 
Mfebe, published an article on the 
construction mafia in the SACPCMP’s 
magazine, Shape Shifter. The SACPCMP 
also facilitated a discussion session 
between industry representatives on 
the construction mafia subject, which 
was broadcasted as part of the Council’s 
online talk programme/channel.

In addition, the Council also ap-
proached its Voluntary Associations 
very recently on the construction mafia 
subject, inviting them to share their com-
ments on the issue, and how they have 
seen or experienced the negative impacts 
of these intimidation tactics so that 
the true impact of the situation can be 
reported upon and further understood.

Question: What is SACPCMP hoping this 
special police unit will do?

Response: Of course what the 
SACPCMP would like to see is the eradi-
cation of corrupt practices from every 
area within the construction industry. 
Through following every measure of the 
law, the SACPCMP hopes that the special 
unit will be able to successfully eliminate 
all incidences of intimidation that result 
from these construction mafias and open 
an avenue for, not only constructive en-
gagement, but also decisive action against 
corrupt practices that hinder the develop-
ment of the construction industry.

South African Forum of Civil 
Engineering Contractors�(SAFCEC)
An interview was conducted with 
SAFCEC, an employer organisation in the 
civil construction industry. Its members 
are reportedly “directly exposed to the 
scourge of the construction mafia.” 
SAFCEC regularly receives reports from 
its members on construction mafia-
related incidents, however not all cases 
are reported.

Feedback from SAFCEC: “The 
problem is quite big. It started in 
KwaZulu-Natal and spread out to the 
rest of the country. It can be argued that 
seeing no consequences has encouraged 

the rapid formation of so-called business 
forums – a vehicle under which demands 
are made to contractors. The industry 
does engage with business forums in 
KwaZulu-Natal.

The core of the problem seems to be 
the 30% localisation that is stipulated by 
National Treasury on projects. This is 
used to demand and force contractors 
based on this. Some business forums are 
known to have demanded that they be 
“paid” the 30% of the value of the contract, 
mainly as subcontractors.”

When SAFCEC was asked to suggest 
what can be done, it was stated that: 
“More can be done from the law enforce-
ment agencies to curb this phenomenon. 
The fact that it is still happening shows 
that more must be done to stop it; 
education in terms of regulations that are 
passed by the State, visible policing, detec-
tive, arrests and convictions of perpetra-
tors; police intelligence and examples 
set to others; the industry is part of the 
stakeholders with the police to address the 
problem. I cannot say anything regarding 
the adequate training of the police.”

SAFCEC also noted that general law-
lessness in the country must be addressed 
as a matter of urgency.

Community consultation
The construction sector is under severe 
economic pressure. Slow economic 
growth has seen several constructions 
companies retrench employees and others 
close their doors.

Adding to the mounting pressure are 
the demands from surrounding com-
munities who feel that they have a right 
to be included in developments in their 
area. The communities expressed the 
view that they need to be consulted before 
any development can take place. These 
communities live in poverty, often lacking 
basic services and facing nonexistent 
service delivery. This leads to frustration 
and unrealistic expectations from the 
community.

Construction companies often try to 
engage with community leaders before 
construction starts, at which point the 
illicit business forums will step up as 
the “authorised” or “chosen” community 
leaders.

There is no legislative obligation on 
construction companies to consult with 
the community unless the construction 
company infringes on the community’s 

The problem is quite big. It started 
in KwaZulu-Natal and spread 
out to the rest of the country. It 
can be argued that seeing no 
consequences has encouraged 
the rapid formation of so-called 
business forums – a vehicle 
under which demands are made 
to contractors. The industry 
does engage with business 
forums in KwaZulu-Natal.
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property or cultural rights. Community 
inclusion is, however, standard practice. 
The illicit business forums sell the idea 
that it is a legislative imperative to speak 
to communities, and provide permanent 
employment and profit sharing of 30% or 
more to communities before construction 
even commences.

Illicit business forums use the often-
unrealistic demands from the impoverish 
community to fuel unrest so that they 
can use work stoppage as leverage to get 
a foot in the door with the construction 
company. They do this by offering to 
mediate between the community and the 
company. Companies are usually eager 
to work with the community, but the 
community often sees the construction 
project as a never-ending pot of gold.

Construction sites are unique in that 
each project has an end date. The illicit 
business forums will offer or sell perma-
nent employment to the community. If the 
construction company decides to employ 
members of the community, the salaries 
must be paid to the illicit business forums, 
who then only pay a fraction of the fee 
to the workers. When the construction 
company is unable to deliver permanent 
employment, the illicit business forums 
encourage the community to protest, 
often damaging vehicles, construction 
equipment and site offices.

Often, communities and the illicit 
business forums themselves see these 
actions as radical transformation and 
not wrongdoing. 80% of all non-listed 
construction companies belong to black 
owners. This makes the construction 
sector one of the most transformed sec-
tors in the country. Criminal elements 
simply use radical transformation as a 
guise for criminal enterprise. No skills 
development or investment in communi-
ties has ever been reported where com-
panies paid the extortion money to these 
syndicates. All funding has been used for 
luxury items, luxury cars and lifestyle 
enhancements.

Rent-a-crowd: the drug and �rearm link
During interviews with people associated 
with illicit business forums, the link be-
tween the illegal drug and firearm trades 
were confirmed. Syndicates will recruit 
unemployed youth in townships and keep 
them on a payroll as a “rent-a-crowd”. 
When the illicit business forums need 
volumes of people to close businesses and 

construction sites, the “rent-a-crowd” 
will be paid to gather and intimidate 
employees on sites. In order to keep these 
youth on a payroll, the youth will sell 
drugs during times when they are not 
protesting. The syndicates are also linked 
with the illegal firearm trade.

eThekwini/Durban Metro Police
Illegal business forums are a huge 
threat to the economic sustainability 
and future of the eThekwini region and 
KwaZulu-Natal province. The forums 
emerged in 2015 calling themselves 
“Amadelangakubona” and have gradually 
gained momentum with many breakaway 
groups being formed under different 
banners and under the guise of radical 
economic transformation.

The groups forcefully enter business 
premises or project sites in groupings 
of 8 to 10 vehicles and 20 to 50 people. 
They mobilise the community through 
misinformation, such as the promise of 
work or increased remuneration. Using 
intimidation tactics, they aggressively and 
violently approach business premises and 
project/construction sites, demanding 
a 30% share in the business without fol-
lowing the application for proper tender 
process. They stop all work at sites until 
their demands are met. The group usually 
demands a meeting with management 
with the intention of acquiring 30% 
of the business by force, and insists 
on providing services (cleaning, waste 
removal, security, landscaping, general 
maintenance,�etc.).

No construction or work can com-
mence or continue unless all demands 
are met. Sites are simply stopped by force, 
incitement of violence and/or by influ-
encing the community to barricade roads 
and engage in public protest.

The illicit business forums’ threats 
and activities have increased further 
due to the July 2021 riots and April 2022 
floods that damaged infrastructure in the 
eThekwini area, resulting in an increase in 
reconstruction, repairs and rebuilding of 
infrastructure.

The eThekwini/Durban Metro 
Police formed a specialist Metro Police 
Business Task Team which only deals 
with complaints relating to illicit business 
forums. The team consists of a colonel, a 
lieutenant colonel, four captains and 50 
members. They are both proactive and 
reactive and receive special training.

The Task Team understands that most 
of the illicit business forums operate at a 
local level and therefore emphasises the 
importance of the metro police taking 
responsibility for enforcement. They are 
the leading law enforcement agency in 
the eThekwini area and understand their 
legislative mandate.

Illegal business forums have and 
continue to threaten members of the 
Metro Police Business Task Team with 
assassinations and violence because of 
corruption and interference by individuals 
both from within the police service (SAPS 
and metro) as well as state departments.

Unfortunately, cooperation between 
the task team and SAPS when it comes to 
dealing with illicit business forums, and 
all attempts from the metro police for 
a more integrated approach, have been 
unsuccessful.

The task team is currently deployed 
across 121 sites, excluding day to day 
“smaller” complaints. They monitor an-
other 133 sites where their intervention has 
stabilised the situation but where future 
problems may flair up based on the spo-
radic history of violence and interference 
by illicit business forums at these�sites.

The situation, in their view, is the re-
sult of inadequate legislation, specifically 
relating to the illicit business forums, a 
lack of cooperation from SAPS, and inter-
ference and corruption in the national and 
metro police as well as local, provincial 
and national structures of government. 
A coordinated, intergraded approach 
with SAPS and the National Prosecuting 
Authority is needed.

COMING UP
This article is Part 1 in a series that 
investigates the phenomenon of the South 
African construction mafia. Future arti-
cles will more closely explore interview 
feedback, relevant regulations and legisla-
tion, as well as recommendations.

REFERENCES
A full list of references can be obtained 
from the authors. 

Illegal business forums are a 
huge threat to the economic 
sustainability and future of the 
eThekwini region and KwaZulu-
Natal province.



IN BRIEF

MAINTAINING THE N1/N4 TOLL ROAD

Entrusted with the Pavement 
Management System for Bakwena 
Platinum Corridor Concessionaire, 

JG Afrika is helping to maintain the N1/
N4 Toll Road to the high-quality stand-
ards specified in the concession contract.

As part of this responsibility, JG Afrika 
and principal contractor, G4 Civils, are 
rehabilitating a 20 km section of the 
slow lane of the N4 between Kameeldrift 
Interchange and Ga-Rankuwa Interchange.

JG Afrika commenced with the 
engineering design in 2020 and is now 
overseeing the construction works 
which commenced in late in 2021 with 
the project mobilisation period.

G4 Civils began construction work 
on the project in January 2022 and is 
expected to complete the work scope 
in August 2023. Having already com-
pleted about 60% of the scope of works, 
G4 has already made steady progress 
on this contract.

PROJECT SCOPE
The scope of work entails milling the 
existing surfacing, base, subbase, and a 
portion of the selected layer. The base and 
surfacing layers are milled to a depth of 

205�mm and width of 3.7 m and stockpiled 
for reuse. The subbase and a portion of the 
selected layer are milled to a depth of 510 
mm and width of 3.7 m and sent to a sepa-
rate stockpile. Roller compactors then com-
pact the remaining selected layer achieving 
the required density in five�passes.

Hereafter, the milled surfacing 
and base, as well as 100 mm new G5 
material and cement, is placed and 
stabilised to form a new 300 mm, 3.7�m 
wide C3 selected layer. A 150�mm 
bench is then formed on either side 
of the new base. Thereafter, a new 
150 mm, 4 m wide G1 base consisting 
of commercially sourced material is 
placed and a 150 mm bench formed on 
either side for the new surfacing.

The 60 mm, 4.3�m wide, con-
tinuously graded asphalt surfacing 
consisting of AE-2 binder and rolled-
in-chips is then placed.

DIFFICULT CONDITIONS
According to Emma Day, Executive 
Associate at JG Afrika, the project has not 
been without its share of challenges.

The construction works are being un-
dertaken along an extremely busy section 

of the N4. To mitigate the impact of the 
construction work on the flow of traffic, 
rehabilitation, which is being undertaken 
in sections, needs to be planned very 
carefully.

Unexpected ground conditions, such 
as areas with underground water, have 
also been a challenge.

COMMUNITY INVOLVEMENT
To ensure that the project met Bakwena’s 
goals to incorporate local targeted enter-
prises and local labour into the project, 
a public liaison committee (PLC) was set 
up during the mobilisation period of the 
project.

Through a tender process coordinated 
by the contractor, the PLC tenders were 
put out for various packages to local 
targeted enterprises. A community liaison 
officer was appointed to receive CVs from 
local labour and assist with the appoint-
ment thereof.

Day attributes much of the success of 
the project thus far to excellent dynamics 
between the engineering and contracting 
teams. This is in addition to the proactive 
and hands-on approach that has been 
adopted by the client, represented by 
Danie Verwey, Chief Technical Officer; 
Danie Botha, Project Manager; and Joe 
Reyneke, Client Representative.
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The project involves rehabilitating a 
20 km section of the slow lane of the N4

The project entails milling the existing surfacing, 
base, subbase, and a portion of the selected layer



MSIKABA BRIDGE MAKES STEADY PROGRESS

Construction of the Msikaba Bridge near Lusikisiki in the 
Eastern Cape – which started in earnest in late 2019 – is 
advancing steadily and should be complete in the last 

quarter of 2024.
The Msikaba Bridge will span the 198 m deep Msikaba River 

gorge and forms part of SANRAL’s N2 Wild Coast project. It is 
being constructed by the CME JV, a partnership between Concor 
and MECSA.

The bridge’s four huge anchor blocks are now at a very 
advanced stage of construction, over 50% of the concrete for the 
bridge’s two 127 m high pylons has been poured, and the complex 
deck construction phase of the project is about to start.

With the anchor blocks approaching completion and the legs 
of the pylons – which make up the first 20 m of the pylon struc-
tures – already complete, the focus of the project going forward 
will be on the construction of the circular pylon spires and the 
composite steel and concrete bridge deck.

The spires taper from a diameter of 6 m at the point where 
they start (the top of the inclined legs) to 4.5 m at their full height. 
To construct them, the JV is utilising a custom designed, four-
level, 15 m high climbing formwork system. The pylons are both 
expected to be fully complete in September 2023.

The first 24 m of the deck on either side of the gorge is a re-
inforced concrete ladder deck that is cast into the first steel deck 

segment, known as deck segment zero (DS0). Because of crane 
access restrictions, DS0 will be slid laterally into place before 
reinforcement is installed and concreted. The remaining seg-
ments, DS1 through to DS17 on either side, will be installed using 
the free cantilevering method, with each segment being installed 
in sequence.

To place the deck segments in position, two gantries will be 
used, one on either side of the gorge. These are large 160 ton 
assemblies, each roughly the size of a tennis court in surface 
area. They will launch the deck segments – which have an 
average weight of 84 tonnes – out over the gorge and then rotate 
90°, lower, align with and then connect them with the previous 
segments. Closure at the mid-point of the deck is expected to be 
achieved in Q2 of 2024. 

SUB�SAHARAN AFRICA PROGRESSES IN GENDER IMBALANCE IN PROJECT MANAGEMENT

According to the International 
Labour Organisation, the global 
labour force participation rate for 

women is just under 47%, compared with 
72% for men. This gender gap in employ-
ment is even starker in project manage-
ment, where male project managers 
outnumber female project managers by 
3:1, according to recent research from the 
Project Management Institute (PMI).��

To better understand the current 
state of women in project management 
and where opportunities exist for female 
workers and organisations, PMI looked 

at data from over 1 900 female project 
professionals who responded to the 
PMI Annual Global Survey on Project 
Management in 2022.�

The gender gap in project manage-
ment is universal. Male project profes-
sionals outnumber females in every region 
worldwide, but the disparities are most 
significant in the Middle East and North 
Africa, Asia Pacific, and South Asia. 
Gender gaps are lowest in North America, 
sub-Saharan Africa, and China.��

In industries like telecoms, informa-
tion technology, construction, transporta-
tion/logistics, energy, aerospace, manufac-
turing, automotive, and consulting, male 
project managers outnumber females by 
more than 50%. Healthcare is the only 
industry where the gap is less than 20%.���

PMI’s global snapshot shows that male 
project managers outnumber their female 
counterparts worldwide in every sector, 
but the gaps differ significantly by region 
and industry. The report also found that 
women earn less than men and are slightly 
less likely to have a project management 
certification or degree. While there are 

fewer women in the project workforce, 
they are slightly less likely than men to 
have a leadership role.�

According to PMI’s most recent salary 
survey, female project managers earn 
less than male project managers in every 
country surveyed.�In South Africa, the 
salary difference between females and 
their male counterparts is 14%. �

On a positive note, despite the gaps in 
earnings and certification, data shows the 
disparity in leadership roles is relatively 
small. 21% of women report some level 
of management role, compared to 23% of 
men. �

While the total number of female 
managers is still significantly lower 
than that of male managers due to the 
overall gender disparity in the profession, 
the data shows that women are being 
provided opportunities to advance their 
careers and contribute at more strategic 
levels within organisations. This oppor-
tunity to move into leadership is a selling 
point hiring managers should emphasise 
when seeking to recruit more women into 
project management roles. 

A view from the south pylon across 
the Msikaba Gorge to the north pylon

Male project managers outnumber 
female project managers by 3:1
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Overall, the public sector is pro-
jected to spend R903 billion on 
infrastructure over the medium 

term. The largest portion of this – around 
R448 billion – will be spent by state-owned 
companies, public entities and through 
public-private partnerships (PPPs).

There is an allocated spend of 
R351.1�billion for transport and logistics, 
including for SANRAL to improve the 
road network. A further R132.5 billion has 
been allocated for water and sanitation 
over the next three years, mainly for use 
by the water boards.

While the Minister expects others 
to put ‘meat on the bone’ and allocated 
R14�billion over the medium term to fight 
crime and corruption, we expected more 
detail to on how the following will be 
addressed:

 �Q Proper procurement processes in 
construction

 �Q Rooting out corruption
 �Q The effective rollout of infrastructure 

development
 �Q The protection of infrastructure 

during construction and beyond
 �Q Unpacking South Africa’s employment 

crisis.
Addressing these points is crucial to 
sustain and grow the economy and create 
employment opportunities for all South 
Africans, including the many unemployed 
engineers in the country.

We must, through collaboration, move 
towards holistic appraisal practices to 
ensure that investments prioritise projects 
with the highest overall impact. Criteria 
should include strategic fit, societal 
impact, and deliverability.

We have heard President Cyril 
Ramaphosa in his State of the Nation 
Address, supplemented by the budget 
allocations from the National Treasury, but 
as an industry body representing approxi-
mately 15�000 civil engineering profes-
sionals, we strongly call on government to 
ensure proper implementation and to root 
out corruption for efforts to be successful.

With R448 billion expected to be 
spent by state-owned companies, public 
entities and through PPPs, it is critical 
that the National Framework Towards the 
Professionalisation of the Public Sector 
be effectively implemented to ensure that 
funds are managed efficiently.

MAINTENANCE
In outlining planned investments, Minister 
Godongwana acknowledged the parlous 

SAICE AND PROFESSIONAL NEWS

SAICE’s response to the 2023 budget
The South African Institution of Civil Engineering (SAICE) acknowledges the difficulties presented to Finance 

Minister Enoch Godongwana in preparing the 2023 national budget under the current economic circumstances. 

As with most budgets, it is the epitome of a curate’s egg – good in part for some and not so good for others.
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The Brandwacht Pedestrian Bridge 
designed by Royal HaskoningDHV
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Course Name Course Dates Location CPD Accreditation No Course Presenter Contact

Adjudication and Arbitration: How to 
deal with Challenges to Jurisdiction

09 May 2023 Midrand SAICEcon21/02927/24
Credit: 1 ECSA

Hubert Thompson

Register:  
store.saice.org.za/
courses

cheryl-lee@saice.org.za

16 May 2023 Cape Town

Elementary Project Management

17–18 May 2023 Durban
SAICEproj22/03117/25
Credits: 2 ECSA

Hamish Riddet13–14 June 2023 Midrand

16–17 August 2023 Cape Town

Structural Steel Design to  
SANS�10162-1-2011

12 April 2023 Durban

SAICEstr21/02965/24
Credit: 1 ECSA

Greg Parrott
22 May 2023 Midrand

12 September 2023 Cape Town

10 October 2023 Midrand

Reinforced Concrete Design to  
SANS 10100-1-2000

13 April 2023 Durban

SAICEstr21/02964/24
Credit: 1 ECSA

Greg Parrott
23 May 2023 Midrand

13 September 2023 Cape Town

11 October 2023 Midrand

Practical Geometric Design 6–10 November 2023 Midrand
SAICEtr22/03158/25
Credits: 5 ECSA

Tom Mckune

Water law of South Africa
6–7 June 2023 Midrand SAICEwat22/03102/25

Credits: 2 ECSA
Hubert Thompson

20–21 June 2023 Cape Town

The Legal Process dealing with 
Construction Disputes

18–19 April 2023 Cape Town

SAICEcon22/03165/25
Credits: 2 ECSA

Hubert Thompson
5–6 September 2023 Bloemfontein

17–18 October 2023 Port Elizabeth

7–8 November 2023 Midrand

Legal Liability Occupational Health and 
Safety Act (OHSA)

17 April 2023 Durban

SAICEcon20/02617/23
Credit: 1 ECSA

Cecil Townsend Naude

08 May 2023 Cape Town

05 June 2023 Port Elizabeth

03 July 2023 Midrand

31 July 2023 Bloemfontein

04 September 2023 East London

02 October 2023 Polokwane

Construction Regulations from a Legal 
Perspective

18–19 April 2023 Durban

SAICEcon20/02618/23
Credits: 2 ECSA

Cecil Townsend Naude

9–10 May 2023 Cape Town

6–7 June 2023 Port Elizabeth

4–5 July 2023 Midrand

1–2 August 2023 Bloemfontein

5–6 September 2023 East London

3–4 October 2023 Polokwane

Legal Liability Mine Health and Safety 
Act (MHSA) Act 29 of 1996

20–21 April 2023 Durban

SAICEcon21/02922/24
Credits: 2 ECSA

Cecil Townsend Naude

11–12 May 2023 Cape Town

8–9 June 2023 Port Elizabeth

6–7 July 2023 Midrand

3–4 August 2023 Bloemfontein

7–8 September 2023 East London

5–6 October 2023 Polokwane

SAICE Training Calendar 2023 (Webinars)
SAICE Suite of General Conditions 
of Contract for Construction Works: 
GCC2015, SGCC2018 and GCCSF 2018

19–21 April 2023 Online
SAICEEL20/02694/23
Credits: 2.5 ECSA Theunis van Zyl

Register: store.saice.
org.za/webinars 

cheryl-lee@saice.org.za

Earthmoving Equipment, Technology 
and Management for Civil Engineering 
and Infrastructure Projects

17–19 May 2023
Online

SAICEEL20/02719/23
Credits: 3 ECSA

Prof Zvi Borowitsh
18–20 October 2023

Corrosion, Cracks, Catastrophes

21–22 June 2023

Online
TBC
Credits: 3 ECSA

John Broli
12–13 July 2023

6–7 September 2023

18–19 October 2023

Register online: www.saice.org.za | All dates are subject to change

SAICE Training Calendar 2023 (Face-to-Face)
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Course Name Course Dates Location CPD Accreditation No Course Presenter Contact

Elementary Construction Dispute 
Resolution Procedures

12 April 2023
Online

SAICEEL21/02972/24
Credit: 1 ECSA

Adv Hubert 
Thompson

Register: store.saice.
org.za/webinars 

cheryl-lee@saice.org.za

16 August 2023

Design of Vessels, Tanks and Piping

3–4 May 2023

Online
SAIChE-383
Credits: 2 ECSA

John Broli 
2–3 August 2023

12–13 September 2023

1–2 November 2023

Design of Piping Systems 

17–18 May 2023

Online
SAIChE-382
Credits: 2 ECSA

John Broli 23–24 August 2023

15–16 November 2023

Multi-Variable Problems in Engineering 
(Analysis, Solutions and Control)

31 May – 1 June 2023
Online

SAIChE-389
Credits: 2 ECSA

John Broli 
19–20 July 2023

Design of Pumping Systems 

10–11 May 2023

Online
SAIChE-369
Credits: 2 ECSA

John Broli 16–17 August 2023

4–5 October 2023

Design of Optimum Electrical Power 
Usage

26–27 July 2023

Online
SAIChE-390
Credits: 2 ECSA

John Broli 27–28 September 2023

29–30 November 2023

Knowledge Management, 
Communication and Report Writing, 
Presentations

19–20 April 2023

Online
SAIChE-384
Credits: 2 ECSA

John Broli 28–29 June 2023

11–12 October 2023

Design of Process Systems
7–8 June 2023

Online
SAIChE-368
Credits: 2 ECSA

John Broli 
22–23 November 2023

Materials in Engineering Design, 
Important Trends and Innovations

5–6 July 2023
Online

SAIChE-380
Credits: 2 ECSA

John Broli 
28–29 August 2023

Engineering Design as Creativity, 
Innovation and Value Adding

12–13 April 2023
Online

SAIChE-381
Credits: 2 ECSA

John Broli 
7–8 August 2023

SAICE-PDP / Candidate Academy 2023
Getting Acquainted with Basic Contract 
Administration and Quality Control

30–31 May 2023
Online

CESA-2076-08/2025 
SACPCMP/CPD/21/004

Theuns Elo�

Register:  
store.saice.org.za/
training-courses  

lizelle@saicepdp.org

20–21 November 2023

Getting Acquainted with Basic 
Stormwater Design

24–25 August 2023 Online
SAICEwat21/02897/24 
SAICEEL21/02898/24 
(Online)

Andrew Brodie 

Getting Acquainted with being a 
Resident Engineer: Pipelines  
(New Course)

5–6 June 2023 Online TBC John Cato

Getting Acquainted with being a 
Resident Engineer: Roads

25–26 May 2023 Online

SAICEproj21/02957/24 
SAICEEL21/02958/24 
(Online)

Jan Bierman 

29–30 June 2023 Midrand

27–28 July 2023

Online28–29 September 2023

26–27 October 2023

Getting Acquainted with Estimating, 
Costing and Pricing of Construction 
Tenders

15–16 May 2023

Online
CESA-2063-05/2025 
SACPCMP/CPD/21/006

Theuns Elo�10–11 July 2023

9–10 October 2023

Getting Acquainted with General 
Conditions of Contract for Construction 
Works (GCC2015) (Includes the GCC 2015 
and GCC Guide in PDF format)

22–23 June 2023 Online CESA-2075-08/2025 Theuns Elo�

Getting Acquainted with Geosynthetics 
in Soil Reinforcement

22–23 May 2023
Online

SAICEgeo20/02758/23 
SAICEEL20/02759/23 
(Online)

Edoardo Zannoni 
6–7 November 2023

Register online: www.saice.org.za | All dates are subject to change

SAICE Training Calendar 2023 (Webinars)
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Course Name Course Dates Location CPD Accreditation No Course Presenter Contact

Getting Acquainted with Planning, 
Scheduling and Programming for 
Construction Projects

20–21 April 2023
Online

SAICEcon20/02672/23 
SAICEcon20/02673/23 
(Online)  
SACPCMP/CPD/21/005

Theuns Elo�

Register:  
store.saice.org.za/
training-courses  

lizelle@saicepdp.org

14–15 August 2023

Getting Acquainted with Road 
Construction and Maintenance

4–5 September 2023 Online CESA-2064-06/2025 Theuns Elo�

Getting Acquainted with Sewer Design
8–9 May 2023

Online CESA-2065-06/2025 Andrew Brodie 
14–15 September 2023

Getting Acquainted with Technical 
Report Writing

12–13 June 2023

Online
SAICEEL22/03151/25 
(Online)
SACPCMP/CPD/23/116 

Les Wiggill1–2 August 2023

1–2 November 2023

Getting Acquainted with Water 
Resource Management

7–8 June 2023 Cape Town
SAICEwat21/02986/24 
SAICEEL20/02755/23 
(Online)

Stephen Mallory20–21 July 2023 Midrand

15–16 November 2023 Durban

Pressure Pipeline and Pump Station 
Design and Speci�cation (2-day course)

27 & 29 June 2023
Online CESA-2066-06/2025 Dup van Renen

3 & 5 October 2023

Road to Registration for Candidate 
Engineers, Technologists and 
Technicians

18 July 2023

Online CESA-2067-05/2025 Dr Allyson Lawless12 September 2023

23 November 2023

Road to Registration for Mature 
Engineers, Technologists & Technicians

18 April 2023

Online CESA-2127-02/2026 Stewart Gibson
20 June 2023

22 August 2023

17 October 2023

Road to Registration for Mentors, 
Supervisors and HR Practitioners

21 June 2023
Online CESA-2105-10/2025 Dr Allyson Lawless

24 October 2023

The direct route to registration as 
a Construction Project Manager or 
Construction Manager with SACPCMP

12 May 2023 Online CESA-2052-12/2024 Je� Pipe

Understanding the 6 Stages of the 
Project Life Cycle to register as a 
Construction Project Manager or 
Construction Manager (New Course)

1–2 June 2023 Online CESA-2084-05/2025 Je� Pipe

Understanding the technical 
implications of developing and 
operating a land�lll (New Course)

28–29 August 2023 Online SAICEEL22/03157/25 Ken Brom�eld

In-house courses are available. To arrange, please contact: Cheryl-Lee Williams (cheryl-lee@saice.org.za) on 011 805 5947.
For SAICE-hosted Candidate Academy in-house courses, please contact: Lizélle du Preez (lizelle@saicepdp. org) on 011 476 4100 or 072 356 5230.

Register online: www.saice.org.za | All dates are subject to change

SAICE-PDP / Candidate Academy 2023

In remembrance
It is with great sorrow that SAICE acknowledges the passing of some of our esteemed members. We extend our 

heartfelt condolences to the families and friends of the following members:

 �Q Mr Graeme Fenwick, aged 67 
 �Q Mr Dirk Hagen, aged 49 

 �Q Mr Petrus Janse van Rensburg, aged 69 
 �Q Mr Johan Van Niekerk, aged 50

We deeply appreciate their contributions to the field and their lasting impact on the engineering community. 



HERITAGE     ENGINEERING     PEOPLE

Enjoying reading your SAICE magazine?

How about advertising here?

CONTACT: Barbara Spence
TEL: (011) 463 7940 EMAIL: barbara@avenue.co.za


