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but no cigar
THE COMEDY PRETTY much writes 
itself. The Minister of Water and 
Sanitation thinks that the Washington 
Accord is an agreement between Cuba 
and the USA. The Free State MEC for 
Police, Roads and Transport agrees 
with the Minister. The CEO of the 
WRC (Water Research Commission) 
agrees with them both, and in a twist 
of absolute bewilderment the gallant 
CEO infers that the Washington Accord 
is apartheid propaganda. Oh dear! 

But wait, there’s more. The Premier 
of the Free State says they sought Cuban 
expertise because South Africa does 
not have the engineering skills to deal 
with our development engineering chal-
lenges. In other words, our engineering 
practitioners are capable of building 
the Gautrain, the soccer stadiums and 
the Gauteng Freeway Improvement 
Project, but how dare they interfere 
with low-cost housing and stormwater 
drainage – the cheek. The politicians 
apparently “… consulted widely with 
the engineering institutions to solicit 
local engineering capacity …”, but sadly 
failed. Perhaps the pigeons didn’t ar-
rive. Chest out, the WRC pulls in for 
the second time like an afterthought, 
armed with 2005 artillery, and val-
iantly defends the Minister’s position, 
expounding why the decision to bring 
Cubans into the public sector was the 
best invention since magunyas. Someone 
should tell them it’s 2015 already. 

Arising from the curd of the 
Cubangate chronicles, is the perception 
that South African engineering practi-
tioners snobbishly refuse to work in the 
public sector, particularly in the rural 
municipalities. I imagine the Minister 
drew this conclusion from extensive 
investigation, study and research. To 
help verify the Minister’s claims, we 

conducted an exploratory survey of 
the membership of SAICE, the South 
African Institute of Electrical Engineers 
(SAIEE) and the South African 
Institution of Mechanical Engineering 
(SAIMechE) – the three largest en-
gineering professional institutions in 
South Africa. Our purpose was to ascer-
tain whether engineering professionals 
are well disposed to working in the 
public sector under suitable conditions. 
The survey indicated that, of the 1 367 
survey participants, 932 (68%) indicated 
willingness to work in the public sector, 
634 (46%) of whom are willing to work 
in remote rural areas. Someone needs to 
inform the Minister that South African 
engineering professionals are not 
averse to working in the public sector. 

In the media melee, the mamparas 
referred to in my salutation constantly 
referred to our Cuban colleagues 
as engineers. In the absence of the 
Washington Accord as a benchmark, 
ECSA’s official stance is that the Cubans 
will need to verify their qualifications 
and work experience before they can 
assume the identity of engineer or be 
presumed to be engineers by their unin-
formed hosts. The corridor discussion is 
that they could possibly be registered as 
technologists and/or technicians. But we 
will wait for the actual processes to un-
fold, as the public sector and our general 
clients are not always aware of the dif-
ferences between engineer, technologist 
and technician. In a more recent inci-
dent, it surfaced that PRASA’s chief en-
gineer is also not registered with ECSA 
in any of the categories of registration 
(confirmed in an official ECSA state-
ment), opening a further can of worms.

Action on such situations will inevi-
tably occur and, particularly in the case 
of the Cuban engineering practitioners, 

will continue for some time still. SAICE, 
for example, currently has some laud-
able initiatives under way which include 
being in the process of partnering 
with MISA (Municipal Infrastructure 
Support Agent) to assist the Minister of 
Corporate Governance and Traditional 
Affairs in piloting a project to help 
municipalities attract and employ 
experienced registered engineering 
professionals into municipal structures. 

We will keep you posted on 
activity in this regard. Until then, 
read the papers and let our poli-
ticians entertain you. 

NICE TRY
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The inside of the partially completed 
Shondoni 15 000 t coal bunker constructed 
by Stefanutti Stocks Civils, a division of 
Stefanutti Stocks (Pty) Ltd. The incline 
and vertical walls consist of precast 
elements, while in-situ cast pre-stressed 
diaphragm walls divide the bunker at 
intervals between discharge points.
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O N  T H E  C O V E R

COAL BUFFER STORAGE BUNKERS
Sasol Mining is developing the new 
Shondoni Mine near Kinross on the 
Mpumalanga Highveld. During the design 
process for surface infrastructure, buffer 
storage was considered. Bunkers were 
decided on, one at the mine and one at 
the end of the delivery conveyor near the 
final destination at the Sasol Secunda 
Plant. During the construction of the 
Sasol Tubelisha Mine recently, a conven-
tional cast in-situ reinforced concrete 
bunker was constructed. As part of the 
Shondoni design process the development 
and design team considered calling for 
the construction of the bunkers using a 
precast construction technique. The client 
objectives in choosing a precast design 
included:

 Q Superior quality concrete fa-
cilitated by precasting
 QAbrasion-resistant wearing 
surfaces in the bunker
 Q Less man-hours spent in construc-
tion overall, and in particular on 
the mine; the method was thus also 
seen as a safer construction method, 
reducing the risk of accidents
 Q Faster construction process, with 
minimal time spent on site by contractors
 Q Lower construction costs driven by repe-
tition, less labour and faster construction.

Sasol awarded the Shondoni material 
handling contract to Sandvik Mining 

Systems RSA, a division of Sandvik 
Mining RSA who contracted a joint 
venture between Logiman and Lyonell 
Fliss & Associates to design the civil 
works for the bunkers and conveyors. 
After a bidding process, Stefanutti 
Stocks Civils, a division of Stefanutti 
Stocks (Pty) Ltd, was awarded the bid 
for the construction of a 15 000 t and 
a 4 000 t bunker, with the associated 
22 km conveyor foundations and ancil-
lary structures.

DESIGN ASPECTS
The 15 000 t bunker is a horizontal con-
tainment structure with ten (three for the 
4 000 t) discharge chutes at 7.5 m centres, 
76 m long by 19.5 m wide and 28 m high, 
on four rows of columns, with a discharge 
deck at 11.2 m elevation, supporting the 
chutes discharging into a reclaim con-
veyor at ground level. A feeding tripper 
conveyor is supported by a structural steel 
grid of beams on top of the bunker and 
ties the bunker columns together. 

The Shondoni 15 000 t bunker  
under construction on the  
Mpumalanga Highveld near Kinross

Precast bunkers and overland conveyor foundations 
at Shondoni Colliery for Sasol Mining

The sloping end wall facilitates soft landing of coal as 
it emerges from the conveyor out of the mine decline
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Longitudinal side walls are sloped 
at 50° from the top of the deck up to the 
external columns. There is a loading 
slide chute 10 m wide in the mine side 
end wall, while the far end wall is totally 
vertical. Pre-stressed diaphragm walls 
of 4.2 m high are provided at each cross 
frame to facilitate discharge to each 
chute and provide structural strength. 

An emergency stockpile of 
15 000 tons capacity was added beyond 
the bunker, by increasing the tripper 
conveyor run on an elevated steel gantry 
over a reclaim conveyor tunnel. Folded 
retaining wing walls, 24 m high, contain 
the stockpile around the bunker. 

The modular, highly repetitive geom-
etry of the structure allowed for efficient 

use of large precast elements in combina-
tion with cast in-situ construction in an 
innovative, integrated ‘hybrid composite’ 
structural concept, motivated mainly by 
constructability, speed, quality and cost 
criteria.  

In-situ construction was used for 
heavier than 20 tons or non-modular 
elements, such as foundations, columns, 
and end diaphragm walls. Precast con-
struction was used for repetitive, modular 
elements lighter that 20 tons, such as 
horizontal and inclined beams and slabs, 
modular walls and permanent formwork. 

Connections of precast to cast in-situ, 
or precast to precast, were achieved using 
specially designed cast in-situ stitching 
concrete. Pre-stressing was used to tie 
across the two lateral sides of the bunker 
through the diaphragm walls, thus en-
hancing stability. 

CONSTRUCTION ASPECTS
Stefanutti Stocks Civils participated 
in design and constructability reviews 
throughout the design process. As part of 
the tender offer, Stefanutti Stocks Civils 
developed a precast erection technique, 
using the in-situ columns to support steel 
gantries for a remote-controlled overhead 
crane, resulting in improved cost and 
time savings, safety and accuracy. This 
furthermore improved site layout and 
access, allowing for a compact construc-
tion site where ancillary structures could 
be constructed earlier. The structure 
appeared to be constructing itself as the 
gantry crane lifted precast elements di-
rectly from delivery trucks. 

Precast elements were constructed in 
a purpose-built precast yard adjacent to 
a concrete-batching facility. Storage and 
delivery was planned in a manner that 
would reduce double handling. Efforts 
were made to expand the range of prod-
ucts cast in the precast yard. Conveyor 
plinths and precast valve chambers were 
also cast in the precast yard.

Careful sequencing and planning as-
sisted in reducing the manpower required 
for construction, resulting in a neat, tidy 
and well organised construction site. The 
focus was on minimising construction 
time in general. 

Elevated structures usually have ex-
tensive access scaffolding. On this project, 
however, Stefanutti Stocks Civils used 
their experienced high-access team for 
precast element placing, as well as for the 
concrete stitching process, thus reducing 

Hybrid construction uses precast elements, permanent formwork and in-situ 
concrete to form discharge chute openings in the bunker floor

High-access expert workers guide heavy precast elements into position
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costs and speeding up construction by 
eliminating extensive scaffolding.

Complex installation and stitching 
sequencing was critically important for 
stability and general scheduling. The de-
velopment of specialised concrete mixes 
for the stitching process was required, 
and construction teams needed to comply 
with strict quality requirements. Three-
dimensional models were developed to 
plan and study the installation sequence, 
and animation of these models assisted 
with the de-bottlenecking of the construc-
tion process. Three-dimensional printing 
was used to produce a real-feel model of 
components to assist with preparation and 
training of the installation crews.

The site construction team excelled 
in detail planning, logistics management, 
value engineering and high-precision 
construction.

OVERLAND CONVEYOR  
FOUNDATION CONSTRUCTION
Stefanutti Stocks Civils and the 
design team developed an innova-
tive concept for the 22 km overland 

conveyor which has over 7 000 modular, 
highly repetitive foundations. 

The concept consisted of using 
lightweight, precast sleepers and mini-
piles, which were connected together 
in composite frames. These use ground 
shear resistance for stability as opposed to 
conventional gravity sleepers which gain 
stability through their mass of concrete. 
This new concept resulted in substantial 
cost savings, speed of erection and in-
creased stability (load-tested on full-scale 
prototypes), compared with conventional 
cast in-situ practice. 

Minimal plant was required for 
construction, except where geotechnical 
conditions on the conveyor platform ne-
cessitated heavier piling equipment. The 
conveyor sleepers were designed to allow 
the handling of the precast elements by 
hand, thus removing the need for expen-
sive crane handling. Delivery to site was 
in palletised format, planned to suit the 
installation speed and sequence with as 
little double handling as possible. 

High tolerances during manufacture 
and erection were needed throughout. The 

foundation construction speed supported 
the requirements of the structural steel 
conveyor erection which followed closely.

PROJECT SAFETY
The project established a commendable 
safety record of 1.4 million lost time 
injury-free hours.  

PROJECT RECOGNITION
The Shondoni bunker construction project 
has sparked considerable interest in the 
concrete and civil engineering industry, 
with a number of site visits having been 
conducted thus far. The project has 
also earned two commendations in the 
2015 Fulton Awards – in the categories 
Innovation in the use of concrete and Civil 
engineering concrete construction for pro-
jects larger than R100 million in value.

 INFO
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…it’s Friday, you’ve worked hours to get the design, drawings & schedules out. There are 
still late changes to make, rebar clashes are certain, and the project team are meeting the 
client about more changes. You still need quantities. The design team want your model. The 
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INTRODUCTION AND BACKGROUND
The Engineering Council of South Africa (ECSA) recently 
held a roadshow detailing the new registration process. Low 
levels of registration amongst civil engineers, particularly 
those not working for professional practices, has been an on-
going concern for ECSA. The construction industry, under the 
leadership of the South African Forum of Civil Engineering 
Contractors (SAFCEC) and the South African Institution of 
Civil Engineering (SAICE) through its Project Management and 
Construction Division (PMCD), are proactively supporting the 
registration process.  

SAFCEC represents more than 500 contractors and associ-
ated members, and as an employer body represents the interests 
of many employers who employ civil engineers actively working 
for construction companies. The SAICE PMCD, one of the larger 
technical divisions of the Institution, actively supports SAICE 
members involved in the world of project management and con-
struction.

WHY CIVIL ENGINEERS IN  
CONSTRUCTION SHOULD BE REGISTERED
Many civil engineers opt for a career in the high-paced and 
exciting world of construction. These engineers soon find 
themselves working on projects with huge decision-making 
responsibilities and legal obligations imposed by Acts such as 
the Occupational Health and Safety Act with its associated 
Construction Regulations. Before long they find themselves at 
the sharp end of the wedge where their engineering decisions 
directly influence the lives and wellbeing of not only their col-
leagues and employees, but also of the general public. 

Construction engineers frequently have to make quick de-
cisions on site without being able to test their decisions on ex-
perienced colleagues. They have obligations, as engineers, to 
make engineering decisions during the construction process 
that could have far-reaching implications – they approve com-
plex lifting operations to proceed, they approve bridge deck 
pours to proceed, they allow people to work at heights and 
design the associated protection mechanisms to protect such 

staff, they declare slopes stable and ground safe to operate 
on, they make complex engineering decisions when things go 
wrong in extreme weather and other adverse weather condi-
tions, etc. In no way are these decisions supposed to be guess 
work – proper engineering solutions need to be designed and 
implemented fully within their professional obligations as 
civil engineers.  

But all too often we read about horrific construction ac-
cidents. Perhaps less known is the impact of serious near-misses 
and significant reworking where a lack of proper planning and 
engineering design in construction execution leads to loss. The 
loss of life, the injuries, the lack of performance and the cost im-
pact of these events cannot be justified in any way. Professional 
registration of civil engineers in construction will assist in the 
professionalisation of the construction industry and placing the 
correct responsibilities with such engineers.

Delivery models in the built environment are changing as 
contractors play more significant roles through new project de-
livery models, such as EPC, design-and-construct models, and a 
host of models advocating earlier contractor involvement in gen-
eral. Project delivery models such as these place a whole range 
of additional skills demands on construction engineers. The 
preparation process for developing our engineers of the future 
should be more professional and should most certainly include 
professional registration.

O P I N I O N

Werner Jerling
Chair Human Resources Committee 

and Vice-President SAFCEC
werner@jerling.co.za

Mike Lewis
Mentor for WBHO engineers

mwalewis@gmail.com

Making a case for the registration of civil engineers 
employed in the construction industry
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Arguably the quality of designs that contractors need to 
execute may be decreasing, while the cost pressure related to 
the design and project development process is increasing. It is 
not inconceivable that the civil engineer on the construction 
site could, at times, be regarded as the last stop in preventing 
design or implementation mishaps or disasters. This civil engi-
neer needs to be able to identify errors and raise the flag in time 
to prevent a deficiency becoming permanent, with potentially 
disastrous effects. He or she must furthermore have the ability 
to critically query and provide solutions to uneconomical and 
incomplete designs, particularly where these result in safety risks 
for construction workers.

The registration of construction engineers would go a long 
way towards improving the way in which contractors perform, 
and the eventual outcome of projects.

ADDRESSING THE DEMAND CURVE
Unfortunately construction engineers are perceived, and often 
not unjustly so, as chancers and engineers who have abandoned 
their calling in favour of doing the simple, dirty outside work. 
This perception is perpetuated by a lack of understanding of the 
construction business, and the modern demands and challenges 
faced by engineers in construction. 

Contractors cannot blame others for the poor perception of a 
career in construction. They have a responsibility to reverse this 
by getting involved with educating the uninformed and proving 
their professionalism through performance.

LEVELS OF REGISTRATION IN CONSTRUCTION
The current level of registration of engineers from within the 
civil engineering and building construction industry is unac-
ceptably low. This is driven by a number of factors which in-
clude the following:
a)  There is little incentive for engineers in the construction and 

building industries to register, as this is generally not related 
to promotion and appointments into profit-sharing positions. 

b)  The majority of construction companies are small and have no 
experienced, senior engineers who dictate practice and tech-
nical execution in the organisation. Consequently a ‘registra-
tion environment’ does not exist within these organisations. 

c)  The uptake of earlier contractor involvement to ensure 
better project design, planning and execution is slow. As 
a result the environmental pressure on more professional 
performance by civil engineers employed by contractors is 
not being felt yet.

d)  The cyclical nature of the construction industry challenges 
the sustainability of employment, with the associated negative 
impact on career and professional development.

e)  Civil engineers who have chosen careers in the construction 
and building industries experience real barriers to regis-
tration due to a perception that leads them to abandon or 
postpone their construction careers to obtain ‘design office’ 
experience. This belief (that they will not be able to register 
without a stint in a design office) is often incorrectly fueled 
during their tertiary education where little is known about 
the modern demands placed on civil engineers working in 
the construction industry.

f)  Potential legislation and project execution best practice, which 
demand that registered persons should be leading construction 
projects, is much spoken about, but currently seldom enforced. 
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LEGACY VS NEW REGISTRATION SYSTEMS
Non-registered civil engineers working in the construction 
industry would be considering the implications of registering 
under the Legacy or New Registration System (NRS) as presented 
in Government Gazette no 38454. 

For candidate engineers who have been preparing for reg-
istration under the legacy (old) system, the recommendation 
would be to promptly finalise their registration application 
and complete the process. All other engineers are advised to 
prepare themselves for registration under the new registra-
tion system. The new registration system specifically recog-
nises construction engineering as a task that a civil engineer 
may undertake.

Table 1 details the outcome groups and the outcomes de-
fined in each group that a candidate engineer needs to attain in 
the process of preparing for registration under the new regis-
tration system.

The South African Forum of Civil Engineering Contractors 
(SAFCEC) has publically stated its support for the NRS as a way 
to encourage construction engineers to register.

Table 1: Details of outcome groups and specific outcomes

Outcome group Specific outcome

A
Engineering problem 
solving

Define, investigate and analyse 
complex engineering problems

Design or develop solutions to 
complex engineering problems

Comprehend and apply advanced 
knowledge principles, specialist 
knowledge, jurisdictional and 
local knowledge

B
Managing  
engineering activities

Manage part or all of one or more 
complex engineering activities

Communicate clearly with others 
in the course of his or her engi-
neering activities

C
Impacts of  
engineering activity

Recognise and address the 
reasonable foreseeable social, 
cultural and environmental effects 
of complex engineering activities

Meet all legal and regulatory 
requirements and protect the 
health and safety of persons in 
the course of his or her complex 
engineering activities

D

Exercising sound 
judgement in the 
course of complex 
engineering activities

Conduct engineering activities 
ethically

Be responsible for making deci-
sions on part of or all complex 
engineering activities

E
Continuing profes-
sional development

Undertake professional develop-
ment activities to maintain and 
extend his or her competence

Source: ECSA Document R-02-PE
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ENGINEERING PROBLEM SOLVING  
AND THE CONSTRUCTION ENGINEER
The Training Experience Reports (TERs) that contractors 
produce are very different to those of consultants. It appears 
to us that the breadth of experience and the high level of 
responsibility (including project administration, problem 
solving and design) are not easily conveyed in these short 
reports, and may not be fully appreciated by some assessors 
and reviewers. 

The challenge for candidate engineers gaining their ex-
perience in pursuit of a career in construction is to comply 
with outcome group A requirements. To achieve these 
during the course of employment in construction is possible, 
provided the guidance given to the candidate is focused 
and the candidate is able to demonstrate the solving of suf-
ficiently complex problems. For the construction engineer 
there should be less emphasis on formal mathematical de-
sign, and more emphasis on developing solutions to complex 
engineering problems.

Construction engineers most certainly continuously solve 
engineering problems. The process of problem solving in con-
struction is, however, seldom well structured and documented. 
In many cases problems are solved in simplistic terms, which do 
not meet the criteria demanding proof of experience in solving 
complex engineering problems.  

There is thus a need for formal guidelines on how con-
struction engineers should be guided, and indeed encour-
aged, to document their complex engineering solving abili-
ties. One idea would be to table and debate typical areas in 
construction engineering where candidate engineers would 
be able to display their problem-solving abilities. Such guide-
lines would support candidate engineers, supervisors, men-
tors, reviewers and panellists in the quest of construction 
engineers to adequately display their engineering problem-
solving experience. 

The contracting environment is constantly changing and 
could benefit tremendously from properly documented engi-
neering problem solving.  

SECONDMENT TO GAIN EXPERIENCE
Outcome groups A and B indeed pose a challenge to candidate 
engineers in all areas of civil engineering, as their employers 
may not be able to provide sufficient opportunities to gain 
experience in these areas. Many of the larger and more expe-
rienced contractors can most certainly provide this required 
experience; here secondment disadvantages could outweigh 
the advantages. Seconded employees may, for example, experi-
ence problems due to different employment conditions and 
remuneration scales. Experience has unfortunately shown 
that exposure to meaningful experience during a secondment 
period of one year is not easily obtained, due to factors such as 
the following:

 Q It takes time to settle into a new organisational environment.
 QThe abilities of the candidate are not as well known as with the 
original employer.
 QCareer path progression is not monitored sufficiently.
 QAppropriate experience opportunities are not readily avail-
able, due to the workload or project mix of the secondment 
employer.
 QBeing a ‘temporary outsider’ does not land the candidate en-
gineer the plum jobs, potentially relegating them to the role of 
the office/site ‘skivvy’.
 Q It takes time to establish oneself as a trustworthy person, and 
it takes time to become acquainted with the systems and pro-
cedures of the new organisation.
 QThe scarcity of experienced, committed and energetic em-
ployees makes employers nervous of the prospect of possible 
poaching.
 QCandidates are unable to smoothly progress through in-house 
mentoring and training programmes due to the interruption 
caused by a secondment period.

Where secondment is considered it is important to structure an 
appropriate secondment agreement and ensure good relation-
ships between the mentors and reviewers of the two organisa-
tions overseeing the development of the candidates concerned, 
specifically during the secondment period.

Whereas reciprocity is encouraged in seconding between, for 
example, contractors and consultants, the reality is usually that 
civil engineers choosing a career in a particular field are often 
not suitable for working in the other, making secondment a pain 
rather than a pleasure. It is in the interest of employers to struc-
ture their in-house training and experience programmes in such 
a manner that secondment is not required.

AN APPEAL FOR REVIEWERS
Like in all voluntary associations there is always a shortage of 
able volunteers. SAICE is no different. A real need exists for 
construction engineers to serve on those ECSA panels where the 
applications of engineers with construction experience are re-
viewed. SAICE National Office is always able to assist volunteers 
who are eligible to serve as reviewers.

IN CONCLUSION
We would like to see an increase in registered persons employed 
by contractors, in the interest of our industry and the public 
at large. SAFCEC has undertaken to cooperate with ECSA and 
other voluntary associations, such as SAICE and CESA, to solve 
the matters pertaining to the interpretation and application of 
the requirements for a candidate engineer in construction. 

Construction engineers most certainly 

continuously solve engineering problems. The 

process of problem solving in construction 

is, however, seldom well structured and 

documented. In many cases problems are 

solved in simplistic terms, which do not meet 

the criteria demanding proof of experience in 

solving complex engineering problems. There 

is thus a need for formal guidelines on how 

construction engineers should be guided, 

and indeed encouraged, to document their 

complex engineering solving abilities.
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One of SAICE’s largest divisions, 
the Project Management and 
Construction Division (PMCD), 
has a newly established 
committee to serve its more than 
1 400 members countrywide. 
Debbie Besseling spoke to 
chairman Giuseppe De Simone.

P R O F I L E

Leading the way
SAICE’s Project Management and Construction Division
Please give us a brief insight into 
your career background.
“I qualified as a civil engineer at the 
University of Pretoria in 2001. As a 
Civil Engineering Industry Training 
Scheme (CEITS) bursar I was required 
to work for a member of the South 
African Forum of Civil Engineering 
Contractors (SAFCEC) as part of my 
bursary obligations. I was employed by 
Grinaker-LTA Civil Engineering and 
was seconded to L&M Joint Venture 
(a joint venture between Murray & 
Roberts, Grinaker-LTA and Basil Read) 
on Phase II of the Mozal Potlines 
Project in Mozambique.

“In 2004 I managed to get a second-
ment to BKS in Durban, which gave me 
the opportunity to experience some of 
what it feels like to operate on the ‘other 
side of the fence’. I was fortunate to have 
worked on the design of the Toyota Paint 
Plant project, which Grinaker-LTA was 

successful in being awarded. This gave me 
an unplanned opportunity to actually go 
and build the structure that I had worked 
on as a design engineer. This was a very 
unique and truly rewarding experience. 

“After working on a number of pro-
jects for Toyota, I then made the great 
trek to Johannesburg, where I worked 
on SANRAL’s GFIP (Gauteng Freeway 
Improvement Project) Package F pro-
ject. This was another very demanding 
project, with non-negotiable deadlines 
in line with delivery for the 2010 World 
Cup. After completing my contribution 
to the GFIP project, I was promoted to 
the position of Management Executive 
responsible for operations.

“I joined Stefanutti Stocks Civils 
in 2010 and have worked on a number 
of projects across various industries, 
including a few multi-disciplinary pro-
jects, the largest being the Life of Mine 
Project for Kumba on the Sishen Mine. 

The SAICE PMCD Division Committee
Back, from left: Ntsoli Maiketso, Alain Jacquet, Danie Rohde, Dominic Singery,  Charl Botha, Giuseppe De Simone

Front, from left: Ashwin Mohanlal, Zukiswa Mvoko, Debbie Besseling, Ditholo Phogole
Inset: Malcolm Pautz

Giuseppe De Simone, chairman of SAICE's 
PMCD Division



16 July 2015 Civil Engineering

“I registered as a Professional 
Engineer with ECSA in 2011, and in 
2013 was promoted to the position of 
Contracts Director, where amongst my 
responsibilities as part of the manage-
ment team of the business, I am also 
responsible for the management and ex-
ecution of a number of projects in South 
Africa and other SADC countries.”

How do you intend making a 
difference for members of the 
PMCD?
“Being based in Johannesburg, I have 
over the past three years become more 
involved in industry-related matters, 
and specifically with SAICE and its 
PMCD. We as the PMCD committee 
intend offering our members greater 
context and relevance in an evolving 
industry within the South African en-
vironment, and we plan to ensure that 
there is greater awareness among our 
members of the PMCD committee and 
PMCD activities.”

Please tell us about the newly 
formed PMCD committee.
“The new committee was elected at 
our annual general meeting in April 
2015. We have a really great group of 
motivated individuals who are already 
very active and keen to serve the PMCD 
members. To facilitate the effective 
running of the committee, we have al-
located portfolios to various committee 
members. Currently each portfolio is 
being developed as an ‘action plan’ to 
guide the committee going forward. We 

have constituted the following portfo-
lios and will monitor their progress:

 QMarketing and Communication
 Q Education and Training
 Q Functions and Events
 QAwards
 Q Student Outreach
 Q Industry Bodies
 Q Procurement and Delivery 
Management.”

The PMCD recently hosted the 
first in the series Legends of 
Construction. Briefly tell us about 
these lectures, please.
"Experienced construction professionals 
will be invited to not only share their 
personal career progression with us, but 
will also be given the opportunity to pre-
sent up to three of their most memorable 
projects and the lessons they had learnt 
from these.   

“We believe that this series will help 
to create a forum where the sharing of 
information can take place and where 
young professionals will have an op-
portunity to meet with experienced 
industry personalities.

“Werner Jerling, Managing Director 
of Stefanutti Stocks Civils (a division of 
Stefanutti Stocks (Pty) Ltd), was the first 
presenter in the Legends of Construction 
series held in April 2015. Werner, who is a 
registered Professional Engineer (Pr Eng) 
and a Professional Construction Project 
Manager (Pr CPM), is a Fellow of both 
SAICE and the Water Institute of South 
Africa (WISA), and is currently Vice-
President of SAFCEC.

“Werner shared his experience 
gained during the construction of the 
Nelson Mandela Bridge, the Mondi 
Effluent Treatment Plant and the Kusile 
Power Station. During his presentation 
he placed emphasis on the lessons he 
had learnt from the contractor’s perspec-
tive, particularly regarding design and 
contract projects, and the preparation of 
the environment in which construction 
projects must be executed. He concluded 
by sharing ten construction life lessons 
that he had learnt.”  

What other activities does the 
committee have planned for PMCD 
members in 2015?
“Various activities are currently being 
planned under the different portfo-
lios. The first lecture in the Legends of 
Construction series was a tremendous 
success, with more than 60 professionals 
attending. Werner Jerling will be re-
peating his presentation in Cape Town 
during August 2015, and plans are already 
under way for the next lecture in the se-
ries to take place in September 2015. 

“In addition, members can expect site 
visits and project management-related 
courses on the calendar this year. Project 
management will also feature at the SAICE 
National Awards event (to be held in 
October this year), where the division will 
be presenting the Project Management & 
Construction Project of the Year Award.”

Debbie Besseling 

SAICE Technical Divisions Administrator 

debbie@saice�org�za
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D The SAICE Council approved the formation of a Project 
Management Division in October 2006, with the following 
long-term aims and objectives:

 Q To promote the civil engineering sector by recognising 
the contribution of project management skills in the 
development of the built environment. 

 Q To inform SAICE members of the latest develop-
ments regarding project management, especially in 
light of the development of various related bodies 
and councils, particularly the Construction Industry 
Development Board, the Council for the Built 
Environment and the South African Council for Project 
and Construction Management Professions.

 Q To facilitate the understanding of project manage-
ment philosophy related to engineering principles and 
practices.

 Q To facilitate growth and development of synergy 
between engineering and the project management 
professions.

 Q To encourage a clear and uniform approach to pro-
curement and delivery for project management.

 Q To establish vehicles for the engagement and capacita-
tion of SAICE members and others in project manage-
ment, along the lines of the training provided for delivery 
and procurement as prescribed by associated bodies. 

 Q To contribute to the maintenance of the SAICE 
General Conditions of Contract and to collaborate on 
other contract models.

 Q To support the maintenance of the list of mediators, to 
develop a control body dealing with conflict resolution, 
and to facilitate the centralisation of mediators, arbitra-
tors and adjudicators.
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P R O J E C T  M A N A G E M E N T  A N D  C O N S T R U C T I O N

Masibonge Tshiki Pr Tech Eng
Director 
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MSc Project Management student
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Critical success factors for 
infrastructure construction projects 
in South Africa

Please note that, in support of his views, the 
author cited various researchers during the 
preparation of this article. However, due to 
space limitations, and for ease of reading, 
we have omitted most of these references. 
Kindly contact the author directly should 
you require the full list of references.  

BACKGROUND  
Critical success factors (CSFs) have been defined as characteris-
tics, conditions or variables that can have a significant impact on 
the success of a project when properly sustained, maintained or 
managed. Different studies have identified different CSFs, and a 
lack of consensus of opinion among researchers on the criteria 
for judging project success and the factors which influence that 
success has been cited as a problem. It has in fact been sug-
gested that there is no such thing as absolute success in a project, 
only perceived success. Architects, for example, usually place 
emphasis on the aesthetic aspects of a building, while engineers 
usually focus on the structural aspects.

Numerous researchers have come to the conclusion that 
the generic success factors as outlined in the PMBOK (Project 
Management Body of Knowledge) – time, cost and quality – 
have proved to be insufficient as a one-size-fits-all measure 
when benchmarking the success of some projects, particularly 
construction projects. The Expanded Public Works Programme 
(EPWP) is a good example of how little relevance the three con-
ventional success factors have, as the primary objective of this 
programme is to maximise the creation of employment opportu-
nities through the implementation of projects. Construction pro-
ject success requires a broader research area, as different people 
have different perspectives on this issue. 

The PMBOK should be covering all the enabling aspects of 
successfully managing a project, and that includes going beyond 
the three conventional measures of project success. There are 
human beings involved in any project, whether as interested 
and affected parties, project teams, project sponsors, or clients, 
and all these stakeholders have different levels of influence on 
and involvement in the project. The deafening silence from the 
PMBOK on the human element in projects – which includes the 
behavioural aspect, the management of internal and external 
stakeholders, and human resource management – should be a 
cause for concern to all project management practitioners.
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PROJECT SUCCESS VS  
PROJECT MANAGEMENT SUCCESS
In defining project success it becomes necessary that the 
difference between project success and project management 
success be clarified. Project success is the assessment of the 
overall objectives of the project, while project management 
success is the assessment of the traditional measure of per-
formance against cost, time and quality. Project success deals 
with the concerns for efficiency and effectiveness, either 
internally or externally, and short-term or long-term, while 
project management success accounts only for the internal 
(project team) success. Delivering project success is more 
difficult than delivering project management success, as it in-
volves second-order control. In the construction industry, five 
dimensions of project success have been identified – budget 
performance, client satisfaction, functionality, contractor sat-
isfaction and project manager/team satisfaction. 

The generally known ten critical success factors (as developed 
by JK Pinto and DP Slevin in 1988) are insufficient for use in 
benchmarking the success of construction projects, as some of 
the factors are not relevant to evaluating the success of infra-
structure construction projects, specifically those implemented 
in South Africa. Most of the existing literature on the success 
factors for construction projects identifies only a few of these fac-
tors as relevant to the industry.  

SOUTH AFRICAN PERSPECTIVE   
The dawn of democracy in South Africa has brought about a need 
for a paradigm shift in the way project managers benchmark 
the success of infrastructure construction projects. The existing 
economic inequality, and the high levels of poverty and unemploy-
ment demand this paradigm shift, as the reversal of this unfortu-
nate situation can only be achieved through a collective effort from 
both the public and the private sectors of our society. Our govern-
ment has pledged a huge amount of money towards the creation 
of new infrastructure and maintenance of the existing, which is 
in line with the goals of the National Development Plan. There is 
therefore a need for project managers to reconsider the sole use of 
the conventional time, cost and quality factors in measuring the 
success of infrastructure projects.  

During his 2014 State of the Nation Address, President Zuma 
announced the creation of six million work opportunities in the 
next five years, through the Expanded Public Works Programme 
of the Department of Public Works, and that 41% of these work 
opportunities would be created through infrastructure construc-
tion and maintenance projects. To achieve this, infrastructure 
services departments have a duty to not only ensure that labour 
intensity on their projects is maximised, but that a conducive 
atmosphere for more economic participation of the previously 
disadvantaged sectors of the population is created by widening 
the scope of these projects. 

Project managers also need to look beyond the completion 
phase of a project to prevent underutilisation of newly con-
structed infrastructure. A pedestrian bridge across a freeway 
could, for example, be hailed as a successful project when 
measured against the three conventional success criteria, while 
in reality it might be underutilised for various reasons, serving 
mainly as a shelter to the homeless. It is crucially important to 
identify those factors that have real relevance for the infrastruc-
ture construction industry in South Africa. 
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IN SEARCH OF CRITICAL SUCCESS FACTORS
Numerous studies have been conducted in the past few decades 
to determine the factors that are critical for the success of pro-
jects in general. In 1990 Jeffrey K Pinto developed a project im-
plementation profile resulting in the identification of ten factors 
that could be used to determine the success of projects. However, 
this generalised approach has in recent years proved to be insuf-
ficient for the determination of sector-specific success factors. 
Further research to establish industry-specific success factors is 
therefore still needed. 

The text below is a summary of eight identified success 
factors and their relevance to the infrastructure construction 
industry in South Africa, as garnered through a literature review. 
[Please contact the author for the full list of references. Ed.] 

Maturity level of the organisation delivering the project
Project management maturity is a measure of a company’s 
current project management sophistication and capability 
in delivering successful projects. Knowledge about the most 
sophisticated project management tools does not necessarily 
mean that those tools will be used on every project. Rather, ap-
propriate knowledge means that the company and its managers 
understand which tools are appropriate for the demands of 
the project. Project management maturity helps to gauge such 
management wisdom. Once project management maturity is 
known, it can be used to both understand the company’s cur-
rent standing and to develop a roadmap for future improve-
ments in project management processes and practices. 

Project management success cannot be an occasional event. 
Repeatability and relentless improvement must be standard. 
Project management that is on average good, but erratic, is not 
sufficient. When management’s attention is diverted to the er-
ratic project, the loss of attention to all other projects can ripple 
through to other concurrent, and even subsequent projects, 
hurting them. There is therefore a direct link between the degree 
to which an organisation applies its project management knowl-
edge and tools (maturity level) and project success.

Leadership qualities of the project manager   
Literature on project success factors largely ignores the 
project manager and his/her leadership style and compe-
tence. This is in direct contrast to general management 
literature, which considers effective leadership a success 
factor, showing that an appropriate leadership style can 
lead to better performance. In differentiating good leader-
ship and good management, John Kotter of the Harvard 
Business School argues that good management brings about 
order and consistency, while leadership is about coping 
with change. Leaders establish direction by developing 
a vision of the future, then align people by communi-
cating this vision and inspiring them to overcome hurdles. 
Robert House of the Wharton School at the University of 
Pennsylvania argues that management consists of imple-
menting the vision and strategy provided by the leaders.  

If every project delivers a unique product, service or 
result, as outlined in the PMBOK, it is incumbent upon the 
project manager to define the desired product, service or 
end result that the project seeks to produce and to lead the 
team to the path that will ensure the attainment of that end 
result, product or service. One can therefore conclude that 
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the project manager, apart from performing the managerial 
duties, also has the responsibility of leading the project team 
on the right path that will ensure the attainment of the project 
goals and objectives. 

Project manager’s competency in risk identification and risk management
The PMBOK defines project risk as an uncertain event or condi-
tion that, if it occurs, has a positive or negative effect on one or 
more project objectives, such as scope, schedule, cost and quality. 
The consequences of risk events go well beyond the direct phys-
ical harm to financial or physical assets, and to people or eco-
systems, affecting the way a society operates and people think. 
This is vividly illustrated in the construction and engineering 
industries where examples of poor service delivery, lack of safety, 
and environmental damage have created negative public percep-
tions and seemingly irrational and unjustified public reactions. 
Tony Ryan states that negative perceptions are too often ignored 
and exacerbated by insufficient community consultation, which 
then excludes the different parties that have a legitimate role to 
play. Timeous identification of risks and their management is 
the function of the project manager. In construction, as in all 
industries, it is necessary for firms to strike a balance between 
the avoidance of risk, and the need to take calculated risks by 
recognising and managing them effectively. 

In the South African construction industry we see project 
managers who have the habit of buying out risk by allocating 
huge contingency amounts to contracts. Client bodies, because of 
the trust they put in project managers, accept this practice as the 
norm, thereby affording such project managers some unfortunate 
leeway. A huge contingency amount allocated to a contract is, 
in most instances, evidence of a project manager who has not 
diligently performed his/her project risk identification and man-
agement duties.   

The diversity in the South African population in terms of 
culture, religion, economic status, language, education, etc, 
demands a unique approach from the project manager when pro-
jects are, for example, implemented in poor, rural communities, 
particularly with regard to the identification and management of 
potential risks, and the establishment of trust. 

Procurement and contracting methods used
The PMBOK defines project procurement management as the 
processes necessary to purchase or acquire products and services, 
or the results needed from outside the project team. Procurement 
management processes involve agreements, including contracts, 
which are legal documents between a buyer and a seller. 

One of the legacies of the apartheid era is the huge disparity 
in income levels amongst its citizens. This situation has far-
reaching consequences which, among others, include poverty, 
low levels of education, a high crime rate, mistrust among 
population groups, unemployment, low confidence levels among 
black population groups, etc. At a glance these consequences 
seem to be affecting only the black and poor communities, but in 
reality every citizen of this country is affected. A new approach 
therefore is demanded from the project manager implementing a 
project in South Africa, whether from a private- or public-funded 
project, to strive towards the alleviation of this situation. Many a 
time we see construction projects coming to a standstill because 
of protest action from the local communities who demand to be 
employed on the projects. Such protest action and strikes have a 

Afrimat Limited is a leading black empowered open pit mining 

company providing an integrated product offering ranging from 

aggregates, industrial minerals, concrete products (bricks, blocks 

and pavers) to readymix concrete.

Afrimat has established a strong foothold in contracting services 

comprising mobile crushing, screening, drilling and blasting.

Backed by more than 45 years’ experience, Afrimat listed on the JSE 

Limited in 2006. As part of its continued diversification strategy, the 

group is expanding its footprint into Africa.

The group’s capabilities enable Afrimat to service projects of any 

scale from major infrastructure and construction projects for state-

owned enterprises and parastatals through to small private sector 

contracts. 

Investing in 
diversified growth

A range of products built on the foundation 
of quality and durability

Mining & Aggregates

Industrial Minerals

Contracting International

Concrete Products

Readymix

®

Tel +27 21 917 8840 info@afrimat.co.za
Fax +27 21 914 1174 www.afrimat.co.za



Civil Engineering July 2015 23

denting effect on the success of a project, both from a financial 
point of view and by harming the image of the implementing 
organisation and its project team. Some of the interventions that 
project managers can look at when developing project procure-
ment plans and contracts are the following:

 Q Increase the labour intensity on projects by substituting the 
use of plant and machinery with labour, where feasible.
 Q Enforce partnerships through subcontracting 
and joint ventures.
 Q Enhance skills through the provision of formal 
and informal training of the labour force.
 Q Provide training to community members to 
ensure maintenance of the infrastructure.
 Q Implement a feasible and effective 
communication management plan. 

Project success can be measured in four dimensions – during 
the period of execution, upon completion of the project, after 
the project has been delivered to the client, and assessment one 
to five years after completion. The period granted for the ap-
pointment of the project team in public-sector-funded contracts, 
which in most instances does not go beyond the defects liability 
period of one year after the completion date, poses a challenge as 
there is no monitoring of the functionality or performance of the 
completed infrastructure beyond the defects liability period. In 
most instances the responsibility of monitoring the performance 
is left to the technical staff of the implementing body who are 
already over-committed and sometimes too inexperienced to 
diligently carry out such assigned duties. This problem can be 
attributed to legislation that governs procurement, e.g. the Public 
Finance Management Act (PFMA) and the Municipal Finance 
Management Act (MFMA), which strictly prohibit financially 
committing the government beyond the National Treasury’s 
three-year budget cycle. Approval to waive this requirement is 
rarely granted, as a convincing motivation has to be provided for 
the granting of such approval, and government officials rarely 
bother to follow the motivation route to extend the contracting 
period, instead opting for the easy route of constraining the du-
ration of projects to the three year period, thereby cutting out the 
performance monitoring phase.

The choice of procurement method and contracting in 
construction projects is one of the factors that determine the 
success of construction projects in South Africa, yet there is 
little mention of its importance as a project success factor in 
the existing literature.

Maintainability of the delivered infrastructure
According to Saghatforoush et al (2012) constructability, oper-
ability and maintainability are the concepts that can lead to 
successful delivery of infrastructure projects. Concerns around 
the maintainability concept (ease of maintenance of the project; 
increasing the product life cycle by eliminating failures during 
the maintenance phase) are addressed by including the relevant 
knowledge and experience during the project planning stage 
already. The PMBOK defines the product life cycle as a series of 
phases that represent the evolution of a product, from concept 
through delivery, growth and maturity, to retirement. This 
definition clearly shows the project life cycle as a sub-phase of 
the product life cycle, meaning that there is interconnectedness 
between the project life cycle and product life cycle. One of the 
pitfalls of construction projects is indeed the lack of integration 
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of the product life cycle and the project life cycle. The lack of in-
tegration within the product life cycle can be eliminated through 
the early understanding and identification of the needs of the 
people who are responsible for the check-out, start-up, operation 
and maintenance of the delivered product. The product main-
tenance phase can be very costly if no consideration is given to 
issues like the availability and cost of maintenance materials and 
spares, availability of skills and expertise, turnaround times for 
the sourcing of materials and spares, etc, and these have a major 
contributory effect on the success or failure of the project. 

Fitness-for-purpose of the delivered infrastructure
Saghatforoush et al argue that, to design an infrastructure project 
to fit its final use, the users' needs and expectations for the devel-
opment of the project must be determined. Planners and designers 
should understand what the final product must look like and what 
its ultimate purpose and uses are. Fitness-for-purpose is a very 
important component of the product life cycle, as it determines 
whether the resources used in the development of the product 
are worth spending on the product. In the construction industry 
critical issues such as accessibility, cost to the user (or afford-
ability), location, etc, have to be taken into consideration during 
the planning stages of the project life cycle, as they will determine 
its success or failure. The location of a pedestrian bridge a mere 
50 metres outside the desired line or route, for example, can render 
the infrastructure a white elephant, and therefore not fit for the 
purpose it had been designed and constructed for.  

Unified definition and understanding of project objectives by all stakeholders
The PMBOK defines stakeholder management not only as a 
continuous communication process, but also as processes that 
are required (i) to identify the people, groups or organisations 
that could impact the project or be impacted by it, (ii) to analyse 
stakeholder expectations and their impact on the project, and 
(iii) to develop appropriate management strategies to effectively 
engage stakeholders in project decisions and execution. Clients 
will only be satisfied if the end product meets the price, quality, 
time frame, functionality and delivery performance standard. 

Conversely, consultants will not develop the skills and knowl-
edge, or make the effort to design and manage processes unless the 
client meets their required employment conditions. Contractors 

and suppliers may discontinue delivering good products and 
resources to clients who fail to give them an opportunity to earn 
a reasonable return on the investment of their time and capital. 
End users will not be happy if the end product does not meet their 
requirement in terms of functionality and quality of service.

Projects are like team sports where all participants play a vital 
role. Project participants who may have a diverse mix of back-
grounds, interests and skills, must work together harmoniously 
and contribute to one another’s effectiveness if project goals are to 
be met successfully. The role of the project manager is to clearly 
define and ensure the understanding of the objectives of the pro-
ject by all the stakeholders in order to ensure that their expecta-
tions about the project are in line with the project objectives. 

Unified interpretation and understanding of 
project documentation and designs by project team 
The different levels of understanding and interpretation of the 
contract conditions, specifications, designs, site instructions, etc 
in construction projects is in most instances a source of conflict. 
Conflicts in construction projects can lead to delays and escala-
tion in construction costs, more so if none of the conflicting par-
ties is willing to compromise for a win-win solution to the con-
flict. Minimising, or completely eliminating ambiguity in project 
documentation and designs helps in eliminating these conflicts 
and their detrimental effect on the success of a project.  

IN SUMMARY
 QThe PMBOK defines a project as a temporary endeavour 
undertaken to create a unique product, service or re-
sult. Every project remains unique in terms of location, 
design, circumstances, stakeholders, and so on. 
 Q  The construction industry is vital for the develop-
ment of any nation. In many ways, the pace of the 
economic growth of any nation can be measured 
by the development of physical infrastructure. 
 QThe definition of project success, and the factors that determine 
it, cannot be common for every project, as there are many in-
fluencing factors. South Africa faces a host of challenges, many 
of which are a result of long years of neglect of the majority 
population groups by the apartheid government. Some of these 
challenges can be addressed through projects that provide 
infrastructure to these previously neglected sectors of our popu-
lation. The upfront determination and understanding of the suc-
cess factors by all stakeholders is very important for the success 
of such projects, and for the avoidance of any dissatisfaction by 
the client (end user). Any project that does not satisfy the client’s 
needs and expectations can be regarded as a failure, and all re-
sources utilised on such a project regarded as wasted resources.  
 QThe sole use of time, cost and quality as factors for 
benchmarking the success of infrastructure projects in 
South Africa has proved to be inadequate, as there are 
other equally (or more) important factors to be con-
sidered before a project can be declared a success. 
 QThe current literature on project success in the construction 
industry is too general. Further studies need to be undertaken 
to determine the factors that can be used to benchmark project 
success in the South African environment. These factors can 
further be streamlined to specific sectors within the construc-
tion industry – for example buildings, civil engineering con-
struction, infrastructure maintenance projects, and so forth. 

In the construction industry critical issues such 

as accessibility, cost to the user (or affordability), 

location, etc, have to be taken into consideration 

during the planning stages of the project life cycle, 

as they will determine its success or failure. The 

location of a pedestrian bridge a mere 50 metres 

outside the desired line or route, for example, 

can render the infrastructure a white elephant, 

and therefore not fit for the purpose it had been 

designed and constructed for.
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SANRAL
at the heart of rural socio-economic development
PROJECT BACKGROUND
Part of the corporate responsibility of the 
South African National Roads Agency 
Limited (SANRAL) is to partner with 
other organs of state, thereby moving 
South Africa forward through the provi-
sion of road infrastructure. The uMuzi-
wabantu Local Municipality (in Harding) 
falls under the Ugu District Municipality 
and is located adjacent to the N2 along the 
south coast of KwaZulu-Natal. Recently 
completed within the boundaries of the 
uMuziwabantu Local Municipality is a 
roads project resulting from a partnership 
between the KwaZulu-Natal Department 
of Transport (KZN DoT) and the uMuzi-
wabantu Local Municipality. The project 
entailed the upgrade of a gravel road to an 
all-weather surfaced road, and included 
the construction of culverts on two stream 
flows which divide the community, and 
which generally left the road impassable in 
rainy conditions.

The project was conceptualised when 
the Ugu District Municipality requested 
SANRAL to improve the conditions on 
two of its district roads, and in the process 

provide short-term employment to its 
residents. In an attempt to address the 
high levels of unemployment in the area, 
and in seeking to have a palpable impact 
on the community, SANRAL formulated a 
24-month learnership programme which 
would be delivered through labour-in-
tensive construction methods, and which 
would be accredited by the Construction 
Education and Training Authority (CETA). 

Labour-intensive construction 
methods are defined as “… economically 
efficient employment of as great a pro-
portion of labour as technically feasible 
throughout the construction process; to 
achieve a high standard demanded by the 
specification; the result being a significant 
increase in employment generated per unit 
of expenditure by comparison with con-
ventional equipment-intensive methods”.

DESIGN CONSIDERATIONS  
AND WORKS UNDERTAKEN
As a community development project – in 
which the project scope made provi-
sion for maximum local empowerment 
– it was deemed necessary to follow the 
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construction project management ap-
proach and adopt the design and construct 
concept. This meant there would be a 
full-time construction manager on site 
to carry out designs (in consultation with 
the client) and supervise the construction 
works undertaken by the local SMMEs 
forming part of the learnership pro-
gramme. Inkanyiso Consulting was ap-
pointed as the construction manager and 
was responsible for on-the-job training 
of the learnership candidates who had 
enrolled for trades in NQF Level 2 
(Construction Roadworker) and NQF 
Level 4 (Construction Works Supervisor). 

One of the first tasks of the construc-
tion manager was to develop a shadow 
price for the construction works, which 
would form the basis for tendering by 
local SMMEs, while still bearing in mind 
that quantities contained in the shadow 
price would change as design and con-
struction techniques changed throughout 
the project.

During design discussions a balance 
had to be struck between providing a du-
rable pavement that would allow labour-
intensive construction techniques, and 
having low-maintenance requirements 
for the future. With a variety of pave-
ment options to be considered, it was de-
cided that the optimal design would be a 
combination of a slurry-bound macadam 
pavement along the ‘gentler’ slopes, and 
a reinforced concrete pavement along 
the steep sections. A macadam pave-
ment on the steep slopes was ruled out, 
as it would have been impossible to use 
a pedestrian roller on these slopes. The 
trade-off with the macadam pavement, 
compared to other pavement options, 
was the uneven riding surface. However, 

Figure 1: Dangerously eroded culvert 

Figure 3: Completed culvert

Figure 4: A section of the completed road
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this was considered to be well within 
the tolerable range, considering the low 
traffic volumes and the low operational 
speed anticipated post-construction, as it 
is a residential zone.

As macadam pavements have to be 
braced on either side to prevent edge 
breaks, it was determined during design 
discussions that the road would have a 

cross fall on one side of the road towards 
the concrete-lined drains (which braced 
the low side of the pavement) and a 
compacted G8 gravel shoulder to brace 
the high side. In areas where the existing 
vertical alignment proved a challenge 
to construct a safely engineered road, 
G8 material was brought in from a local 
borrow pit to raise the road in terms of 
better drainage and geometric alignment.

Figure 1 shows one of the culvert 
crossings which had deteriorated to the 
extent that it had become risky for mo-
torists passing through, while Figure 2 
shows a deep erosion gulley next to the 
road, caused by poor stormwater man-
agement. Scenarios as illustrated in these 
figures were a clear indication that road 
improvements had to include the control 
of stormwater flows using formalised 
concrete-lined side drains and culverts. 
Figures 3 and 4 show the completed sec-
tions of the road with concrete drains on 
the low side and a completed low-level 
crossing (i.e. a minor culvert), which 
ensure that traffic is accommodated even 
during rainy conditions.

STAKEHOLDER ENGAGEMENT  
AND SUPPORT STRUCTURES
Community buy-in on a project of this 
nature is of utmost importance, as it gives 
the community a sense of ownership of the 
asset and fosters a sense of pride. This was 
achieved by constant engagement between 
the project management team and the 
members of the Project Liaison Committee 
(PLC), which included representatives from 
the client, local municipality and the local 
House of Traditional Leadership.

Due to the relatively high unem-
ployment rate in the area, a strategy 
had to be formulated to select general 
construction workers on the basis of 
individual circumstances. Working 
with the local leadership structures, a 
point-scoring system was developed 
and endorsed by the PLC. This system 
prioritised community members ac-
cording to need. Table 1 is an example 
of the questionnaire used in the scoring 
mechanism specifically for this project.

Upon advertising job opportunities, 
it came as no surprise that more than 
600 people made themselves available for 

Figure 2: Stormwater damage  
at the side of the road
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the project. Sadly only a fraction of these 
applicants could be accommodated.

Apart from monthly PLC meetings, 
the construction management team also 
engaged on a weekly basis with general 
site workers and learnership candidates 
to address any issues relating to the con-
struction works. Topics normally dealt 
with included assessing the placement 

of physically disabled candidates on 
site, discussions on the monthly health 
and safety audits, and finding ways of 
addressing shortcomings outlined in 
the audits and feedback on the risk as-
sessment of construction works. These 
meetings were very important, as they 
not only addressed issues relating to site 
works (due to the fact that the project 

offered training and mentoring ser-
vices), but they also provided a platform 
for knowledge sharing, thereby exposing 
the learnership candidates to the type 
of discussions that normally take place 
on construction sites. This was one way 
of ensuring that the candidates were 
well equipped to undertake leadership 
positions, such as supervision of sec-
tions of construction works, on other 
construction sites beyond this project.

In addition to normal construction 
team site meetings, ad hoc meetings 
were held jointly by SANRAL, the 
KZN DoT and Inkanyiso Consulting. 
Some of the topics covered during 
these meetings included key decisions 
regarding designs implemented on site 
while construction was in progress, and 
the maintenance thereof. The type of 
generic training that could be offered 
to the Zibambele Programme partici-
pants were also assessed to ascertain 
their involvement in the maintenance 
of the roads post-construction. (The 
Zibambele Programme is a maintenance 
programme of the KZN DoT which 

Table 1: Example of point-scoring questionnaire for employment purposes

3.0 FAMILY DETAILS

3.1 Number of family members within the household

3.2
(a)  Number of adults 

(i.e. > 21)
(b)  Number of children 

(i.e. < 21)

3.3 Are you the head of the household / breadwinner? Yes No

3.4 Number of family members earning an income

3.5

What is the combined income of all residents in the household, including 
any/all state grants?

< R1 000 per month
R1 000–R2 500  

per month
> R2 500 per month

3.6 Are there any disabled persons in the household? Yes No

3.7

(a)  Has your house been affected by natural disaster during the 
past 12 months?

Yes No

(b) If yes, please specify
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targets women-headed households and 
enables them to maintain sections along 
provincial roads.)

CONSTRUCTION MANAGEMENT  
AND SKILLS TRANSFER
The management of labour-intensive 
projects entails managing a larger 

number of construction workers per 
kilometre compared to conventional 
projects. With this in mind, the pro-
ject management team completed the 
NQF Level 5: Management of Labour 
Intensive Construction Projects course. 
Following the training, candidates were 
required to show competency in a range 

of outcomes. Some of these (which were 
implemented on site) included:

 QCompiling a Bill of Quantities 
(in this case, a breakdown of the 
shadow price for the SMMEs) with 
prefix “LI” for most activities/
operations of construction works 
that should be undertaken through 
labour-intensive methods.
 QDeveloping task rates (the number 
of tasks an average person can 
achieve in a day). This was used as a 
basis for achieving production tar-
gets on site based on the timelines 
within the construction programme 
and the resources available.

The members of the project management 
team who completed this course had to 
submit a portfolio of evidence (which had 
to be aligned to CETA requirements) to 
be deemed competent in the management 
of civil engineering labour-intensive con-
struction projects. 

In training for the NQF Level 2 and 
Level 4, candidates commenced with 
a four-month theoretical classroom 
training course. Different modules 

Table 2: Examples of modules covered in the learnership programme

Unit standard title NQF
level

SAQA
credit

Apply health and safety to work area 2 3

Establish and prepare a work area 2 4

Render basic first aid 2 3

Interpret the composition, construction sequence and processes 
of the construction industry

3 6

Describe, apply, analyse and calculate the shape and motion in 
2D and 3D space in different contexts

3 4

Set out point for centre line and edge line marking for the road 2 5

Batch and mix concrete by volume 1 3

Mix and apply slurry 2 4

Apply basic business concepts 4 8

Procure building and civil construction materials 3 8

Read and interpret construction drawings 3 10

Calculate construction quantities 1 8
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were presented, and then candidates 
were assessed to determine if they were 
competent to carry out tasks based on 
theoretical knowledge coupled with 
on-site training. All modules covered 
were CETA-accredited and were aligned 
with the South African Qualifications 
Authority (SAQA) requirements. At the 
end of the project, all learnership can-
didates were required to submit a port-
folio of evidence to be further assessed 
by CETA for competency. Table 2 shows 
a few of the modules covered during 
classroom sessions – these modules 
represent day to day activities on any 
construction site.

Further on-the-job training was 
done through the compilation of pay-
ment certificates based on the pay 
items in the contract document. This 
enabled the emerging contractors to get 
acquainted with conditions of contract 
used in the construction industry, such 
as the retention of funds to be released 
at the end of the defects period and 
penalties involved if poor quality work 
is produced.

Due to the risks associated with 
construction work and the need to 
entrench compliance with occupational 
health and safety requirements in the 
construction industry, candidates were 
often tasked with conducting risk as-
sessment prior to engaging in any new 
construction activity, or whenever a 
new team was introduced or rotated 
around different construction activi-
ties. This approach assisted in averting 
construction-related incidents, and 
formed part of the training that enabled 
learnership candidates to understand 
the risk aspect of construction works 
and the importance of site staff taking 
every precautionary measure possible to 
eliminate risks.

Apart from the technical training 
offered, an entrepreneurial workshop 
formed part of the programme, which 
was aimed at assisting the SMMEs to 
understand tendering and general busi-
ness management.

A further workshop relating to UIF 
contributions was conducted by the local 
office of the Department of Labour.

Provision was also made for skills 
development training to be part of ge-
neric training aimed at upskilling the 
community. Such training included:

 QTraining on the installation and main-
tenance of gabions

 QCleaning of hydraulic structures, 
mainly concrete-lined drains and 
portal culverts, as these are the assets 
which will have to be maintained by 
the Zibambele team post-construction
 QTraining on the patching of potholes
 QClearing of grass on the road reserve.

More than 200 job opportunities were 
created. This included NQF Level 2 and 
Level 4 candidates, general site labour 
and a further four university students 
who completed their 12 months in-
service training as required by their 
academic institutions. 

SOCIAL BENEFITS AND PROJECT 
SPENDING
As the majority of the local candidates 
were unskilled, test/mock sessions 
had to be carried out prior to actual 
construction work to establish task 
norms which would be implemented 
on the project later on. In conventional 
projects, such test/mock sessions are 
sometimes carried out in isolated areas 
where the test project can be demol-
ished afterwards. In this case, however, 
the poor drainage at a nearby school 
(which resulted in occasional f looding 
of the ablution facilities) offered an 
ideal, meaningful teaching and learning 
opportunity. The construction manage-
ment team provided hands-on training 
to learnership candidates, resulting in 
the test/mock sessions being used to 
improve the drainage patterns and the 
parking at the school. In assisting the 
school, the aim was to ensure that mate-
rial and resources devoted to the test/
mock sessions were used to construct 
an asset that would improve existing 
conditions and be beneficial to the 
community instead of demolishing the 
structure afterwards. 

The economic impact of the full pro-
ject on the local community can best be 
illustrated through the manner in which 
funds were spent:

 QAbout R7.5 million – salaries 
and wages for general site labour 
and four university students
 QAbout R1.7 million – training 
for NQF Level 2 and 4 learn-
ership candidates
 QR6.725 million – generic training 
(this is expected to increase as there 
is further generic training planned)
 QR1.6 million – to local sup-
pliers for the supply and de-
livery of material on site. 

Furthermore, a road-safety awareness 
campaign was launched, targeting the 
primary school learners in the area. The 
campaign was conducted using prac-
tical simulations of pedestrian safety 
through edu-tainment. Learners were 
also provided with booklets containing 
educational features relating to pedes-
trian safety on the road. The layout of 
these booklets was user-friendly, aimed 
particularly at young minds.

CONCLUSION
The project is different from conven-
tional projects in that it was completed 
in its entirety through labour-intensive 
techniques. It created a great number 
of jobs per capita of expenditure. This 
meant that human resources manage-
ment increased for the construction 
management team. A total of eight 
SMMEs were given a platform to develop 
their contracting, procurement and 
managerial skills. With all the CETA-
accredited training being completed, 
the project achieved almost all of its 
outcomes. With the project complete, 
lessons learnt were:

 Q Procurement of material and sourcing 
that can serve as a buffer will reduce 
delays in case there is a shutdown or 
plant breakdown at one source.
 QBy thoroughly engaging the local lead-
ership to take ownership of the project, 
acts that may hinder progress on site 
are avoided.
 QA need exists for thorough entrepre-
neurial training of SMMEs to under-
stand cash flow in a business, remu-
neration of employees based on daily 
tasks completed, and avoidance of 
spending funds on remuneration when 
production is not up to standard.
 Q Programming of construction works 
needs to be done in such a manner 
that construction activities are not 
split, thus enabling adequate sharing 
of resources and completion of tasks 
on time.

The successful completion of the project 
has made all-weather commuting for 
the local community possible. It also 
benefits the local agricultural coopera-
tives who are now able to carry out their 
business during the rainy season as well. 
Previously these cooperatives lost out to 
their competitors because of the slippery, 
steep gravel road (now an all-weather 
surfaced road) leading to their agricul-
tural fields. 
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Modelling and analysis of  
steel structures
IT IS PROBABLY SAFE to say that the vast majority of struc-
tural engineers in South Africa are very far from clear about 
what clause 8.7 in the design code for hot-rolled steel structures, 
SANS  10162-1, means, what it tries to achieve, and how it should 
be implemented. The purpose of this article is to shine a light on 
this set of issues.

Let us start by quoting the clause in its totality:

The analysis [of the structure] shall include the sway effects 
in each storey that are produced by the vertical loads acting 
on the structure in its displaced configuration. These second-
order effects, due to the relative translational displacement 
(sway) of the ends of a member, shall preferably be determined 
from a second-order analysis. Elastic second-order effects may 
be accounted for by amplifying the translational load effects 
obtained from a first-order elastic analysis by the factor

U2=  1
 1– ΣCuΔu

ΣVuh  
(1)

Thus, Mu = Mug + U2Mut   (2)

The translational load effects produced by notional lateral 
loads, applied at each storey, equal to (0,005 x factored gravity 
loads contributed by that storey), shall be added to the sway 
effects for all load combinations.

In Equation (1) ΣCu  stands for the combined axial force in all the 
columns on a level, ΣVu for the combined shear force in these col-

umns, Δu for the lateral deflection of the top of the storey relative 
to the bottom under the action of the factored loads and with 
linear elastic analysis, and h for the storey height (in other words, 
Δu/h is the storey drift).

WHAT THE CLAUSE IS INTENDED TO DEAL WITH
The subject matter of the clause is illustrated in Figure 1 
with a simple cantilever column carrying a vertical and a 
lateral load. Because the top of the column is displaced by 
an amount Δ, the vertical force causes a moment, additional 
to the linear elastic moment HL, equal to PΔ. At the same 
time, because the bent column is offset from a straight line 

 D

H
P

L

δ

HL PΔ  Pδ Total

(a) (b) (c) (d) (e)

Figure 1: PΔ and Pδ effects
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by an amount δ, there will be an additional moment Pδ in the 
column. If we take proper account of+ the PΔ and Pδ effects, 
we will meet the code’s instruction to account for “elastic 
second-order effects”. Needless to say, in complex structures 
this becomes more complex.

THE NOTIONAL LOADS
Applying lateral forces equal to 0.5% of the gravity loads (all 
the dead and live loads, factored) at each level where such 
loads occur (including a roof or any other level) is intended to 
achieve the following:

 Q It compensates for any lack of plumb of the structure 
causing a “Δ” even before the loads are applied.
 Q It allows us to get a reasonable factor of safety in those cases 
where the vertical load is high and the horizontal load very 
small, such as for a tank on a stand.
 Q It allows beam-columns to be designed more correctly and 
without using the concept of effective lengths.
 Q It compensates for some of the inaccuracies that sneak in 
because of modelling errors, residual stresses, joint rota-
tions, etc.

The notional loads must be applied with each load case, and 
when a load case involves wind they should act in the same 
direction as the wind.

THE CODE’S AMPLIFICATION FACTOR APPROACH
It is relatively easy to derive Equation 1 above: Apply an axial 
force P and a shear force V to the beam shown in Figure 2, with 
the right end fixed and rotation restraint at the left end, and 
calculate the vertical deflection Δ = Δ0 according to linear elastic 
theory, which would also yield the sum of the moments at the 
ends to be equal to VL. However, looking at the sketch in Figure 2 
it is clear that the sum of the end moments is actually given by:

MA + MB = VL + PΔ0   (3)

Now, if a moment VL is associated with a deflection Δ0 the addi-
tional moment PΔ0 will cause an additional deflection equal to:

Δ1 = PΔ0

VL  
Δ0 

(4)

And the additional deflection Δ1 will cause an additional deflec-
tion equal to:

Δ2 = PΔ1

VL  
Δ0 = æ 

çè
PΔ0

VL
æ 
çè 
2 

Δ0 
(5)

This can be continued to give a series:

Δn = Δ0 + Δ1 + Δ2 + ... = Δ0 

é
ê
ë
1+ PΔ0

VL  
+æ 

çè
PΔ0

VL
æ 
çè
2 

+ ...
é
ê
ë
  (6) 

Which, in the limit, is identically equal to:

Δ =  Δ0

 1– PΔ0

VL    

= U2Δ0  QED (7)

This can be extended to a more complex structure – if you calcu-
late the moments according to linear elastic theory and you mul-
tiply them by U2 you get the moments you would get if you did a 
proper analysis taking second-order effects into account. Note that 
nonlinear behaviour of the material is not taken into account.
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Figure 2: Beam under axial load and lateral displacement

Figure 3: Comparison of different values of U2 

Figure 4: Illustration of softening effect of axial load
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That sounds simple enough, but to apply this method 
correctly to a more complex structure you need to do the fol-
lowing for each load combination:
1.  If the structure is not symmetric (i.e. it will displace 

laterally under gravity loads), provide enough lateral 
supports to prevent translational displacements.

2.  Apply all the gravity loads and get the moments 
Mug in the structure, as well as the reactions at 
the lateral supports that have been provided.

3.  Remove the lateral supports and apply all the lateral 
loads, the notional loads, and loads equal and oppo-
site to the reactions at the lateral supports obtained in 
step 2. Calculate the moments Mut in the structure.

4.  Obtain the final moments by means of Equation (2). 
Note that we don’t get useful information about axial 
forces, shear forces or deflections from this approach.

SECOND-ORDER ANALYSIS BY STIFFNESS ADAPTATION
Here we are going to indulge in a little bit of theory to provide 
readers with an understanding of the foundations of this ap-
proach. Consider again the beam in Figure 2, with ends clamped 
against rotation and point A deflecting vertically under the effect 
of a shear force V.

The differential equation governing the deflection of a pris-
matic beam without loads along its span is:

d4y
dx4 

+  
P 

EI 
d2y  
dx2 

= 0 (8)
 

The general solution of this equation is:

y = A1Sin æ 
çè

ux
L

æ 
çè+ A2Cos æ 

çè
ux
L

æ 
çè+ A3x + A4 (9)

 

Where:

u = L Ö P
EL  

= π Ö P
PE

 (10)

PE  = π2 EI
L2

 (11)

By using the boundary conditions at the two ends we can get the 
expressions for moment and shear at the beam ends:

M =
 

EI
L2  

u2 (1 – Cos(u))
2 – 2Cos(u) – uSin(u) 

Δ (12)

V =
 

EI
L3  

u3Sin(u)
2 – 2Cos(u) – uSin(u) 

Δ (13)

By replacing Δ in the expression for M we get:

M =
  
L(1 – Cos(u))

uSin(u)  
V (14)

But V = 2Mu/L where Mu is the moment you would get from a 
linear elastic analysis, thus we get:

M =
  
2(1 – Cos(u))

uSin(u)  
Mu = U *2    Mu (15)

Thus the moments in the beam subject to axial load can be ob-
tained by multiplying the linear elastic moments by U *2  .

Note how very different this expression for U *2     is from that 
for U2 in Equation (1). And yet, Figure 3 shows that they yield 

 Piling Systems for  
Deep Foundations

www.geopileafrica.co.za
robm@geopileafrica.co.za

TRM_Hammer_103x297_EN_010415.indd   1 01.04.15   11:39



38 July 2015 Civil Engineering

identical results over a range of values of u. (With a little bit of 
rewriting, Equation (1) can also be written in terms of u.)

Note further that u is a measure of the ratio of the axial 
force in the member to the Euler buckling load. We can see 
from Figure 3 that, as this ratio is increased, the second-order 
effect gets more pronounced.

Figure 4 shows that this approach amounts to amending 
the stiffness of the member in compression. For linear elastic 
analysis we can say: 

M =
  
6EI
L2  

Δ, so let us assume in general that M = 
ωEI
L2  

Δ. 

The graph shows that, if u = 0.0 the value of ω = 6.0, but it re-
duces to zero when ω = π.

Similarly, if V =
  
ρEI
L3  

Δ then ρ = 12.0 when u = 0.0 but it decreases 
with increasing u. 

APPLICATION OF THE  
STIFFNESS ADAPTATION APPROACH
The key observation we can make on the basis of the discussion 
in the previous section is that we can write a stiffness matrix for 
an element with an axial force in it. This is exactly what has been 
done in the structural analysis program Frame in the Prokon 
suite. If one selects ‘Second Order’ analysis the program starts 
with a linear elastic analysis to determine the axial forces in all the 
members, and then it calculates a new stiffness for each member, 
depending on the magnitude of the axial force in the member and 
based on the stiffness adaptation approach. A new stiffness matrix 
is assembled for the whole structure and then it is re-analysed, 
with no change in the geometry. This gives new member forces, 
a new stiffness matrix and new results. The iteration is continued 
until the changes in the results are minimal. The member forces 
are calculated using the amended stiffness matrix of each element.

A question to be answered is how Prokon’s 'Second Order' 
analysis compares with the amplification factor approach of 

Table 1: Comparison of Prokon and amplification factor approaches

Linear elastic Prokon SANS 10162-1 Compared with
 Prokon

L 
(m)

Cu 
(kN)

Vu 
(kN)

M 
(kN.m)

delta 
(mm)

Inter-
action

M 
(kN.m)

delta 
(mm)

Inter-
action

M 
(kN.m)

Inter-
action

SANS 
10162-1

Linear

5 100 4 10 17.7 0.26 11 19.8 0.27 11.0 0.27 -1.4% -3.7%

5 200 4 10 17.7 0.45 12.2 22.4 0.47 12.2 0.47 -0.4% -4.3%

5 300 4 10 17.7 0.64 13.9 25.9 0.68 13.6 0.68  0.0% -5.9%

5 400 4 10 17.7 0.84 16.1 30.6 0.92 15.5 0.91 -1.3% -8.7%

5 500 4 10 17.7 1.05 19.4 37.5 1.19 17.9 1.17 -2.0% -11.8%

5 100 10 25 44.1 0.38 27.5 49.4 0.40 27.4 0.40 -0.9% -5.0%

5 200 10 25 44.1 0.58 30.6 56.0 0.63 30.4 0.63  0.2% -7.9%

5 300 10 25 44.1 0.80 34.7 64.7 0.90 34.0 0.89 -1.0% -11.1%

5 400 10 25 44.1 1.02 40.3 76.6 1.21 38.6 1.19 -1.6% -15.7%

5 500 10 25 44.1 1.27 48.5 93.8 1.62 44.7 1.57 -3.2% -21.6%

5 100 15 37.5 66.2 0.48 41.2 74.0 0.51 41.1 0.50 -1.1% -5.9%

5 200 15 37.5 66.2 0.70 45.9 84.0 0.77 45.5 0.77 -0.4% -9.1%

5 300 15 37.5 66.2 0.93 52.1 97.1 1.08 51.0 1.07 -1.3% -13.9%

5 400 15 37.5 66.2 1.18 60.5 115.0 1.46 58.0 1.43 -2.2% -19.2%

5 500 15 37.5 66.2 1.46 72.7 141.0 1.99 67.1 1.90 -4.4% -26.6%

6 100 4 12 30.5 0.33 13.8 36.0 0.34 13.7 0.34  0.0% -2.9%

6 200 4 12 30.5 0.57 16.4 43.9 0.62 16.1 0.61 -0.9% -8.1%

6 300 4 12 30.5 0.83 20.4 56.3 0.94 19.4 0.93 -1.2% -11.7%

6 400 4 12 30.5 1.12 27.7 78.2 1.40 24.4 1.34 -4.2% -20.0%

6 500 4 12 30.5 1.48 44.1 128.0 2.43 32.9 2.10 -13.7% -39.1%
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SANS 10162-1. Table 1 shows, for a column consisting of a 
circular hollow section (177.6 x 6), built in at the bottom and 
free to move sideways but not to rotate at the top, for different 
lengths and values of the axial force Cu , the value of the end 
moments, the deflection, and the value of the interaction equa-
tion for beam columns according to clause 8.13 of the code.

The following observations can be made from Table 1:
 Q Prokon and the amplification factors in the code yield 
results that, for all practical purposes, are the same.
 QThe lines marked in grey can be ignored because the 
interaction equation gives a value in excess of 1.0.
 Q Linear elastic analysis clearly does not meet the re-
quirements of the code and can underestimate 
the resistance of the column by up to 12%.
 QThe second-order effects are most pronounced with more 
slender columns that are heavily loaded. This phenomenon 
is curtailed when the member reaches the limits of its 
resistance, as determined by the interaction equation.
 Q If you use the code’s amplification factor, you have to use 
the linear elastic deflections, and these can be as little as 
50% of the value obtained by Prokon. Such amplification 
of deflections will, however, only occur under ultimate 
load conditions, with much smaller amplification under 
serviceability loads. A linear elastic analysis of the struc-
ture for the purpose of deflections is thus acceptable.
 QThe amplification factor approach is feasible for simple 
structures like a single portal frame, but just about 
impossible for more complex and larger structures, 
whereas with Prokon’s second-order analysis it is 
simply a matter of using the ‘Second Order’ setting.

We may note that, unlike the amplification factor approach, 
second-order analysis does not only yield the enhanced moments, 
but also the axial forces, shear forces and deflections. (If the 
‘Second Order’ setting is used, Prokon uses the same approach 
to calculate deflections, but with the serviceability load factors.)

ASSESSING THE ACCURACY  
OF THE SECOND-ORDER ANALYSIS
Checking whether the second-order analysis is a good match 
for the amplification factor approach is hardly a comprehensive 
assessment, and in any case Prokon is not the only computer 
program for structural analysis, and one man’s second-order 
analysis may not be the other man’s. To assist engineers in this 
dilemma, the American Institute of Steel Construction has in-
cluded two benchmark problems in their Manual. If you get the 
same answers as they do, you have the right approach. 

We repeat the problems here, with the correct results. For 
both problems the following applies:

Section W14 x 48; lx = 201 x 106 mm4; A = 9 096 mm2; 
Zpl = 1 285 x 103 mm3; ry = 48.5 mm; rx = 149 mm; 
ly = 21.4 x 106 mm4; J = 654 000 mm4; Cw = 6 x 1011 mm6

It is reassuring to report that for Prokon the match is just about 
perfect. This is especially remarkable when considering that all 
the members in these problems are loaded beyond their capacity 
as beam columns, unless they are laterally supported along their 
lengths. Prokon thus meets the requirements set by AISC.

ASSOCIATED ISSUES
Because we are talking about non-linear behaviour, we cannot 
analyse the structure for the basic loads for each load case, and 

  Cu(kN) 0 667 1 334 2 001

Moment (kN.m) 26.6 30.4 35.4 42.4

Deflection (mm) 5.0 5.7 6.6 7.9

  Cu(kN) 0 445 667 890

Moment (kN.m) 38.0 53.1 67.7 95.8

Deflection (mm) 22.9 33.9 44.6 65.4

Problem 1: Beam with distributed and axial load

Problem 2: Cantilever column

kN/m w = 2.92 

P P
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then proceed to apply the load factors and do the load combina-
tions and expect to get the right results, as we could for linear 
elastic analysis. So Prokon proceeds to first calculate the combi-
nations of factored loads before doing a complete second-order 
analysis for each load combination.

Another issue relates to leaning columns, as shown in 
Figure 5. 

Only the column at the right has a fixed base, the others are 
hinged top and bottom. If the structure deflects transversely under 
the influence of the horizontal load, the PΔ effect will occur in all 
the columns, but only the column on the right can resist it. With 
the amplification factor approach in the code this is not a problem 

– the value ΣCu takes the axial loads in all the columns into ac-
count. The Prokon approach also has no problem with this situa-
tion – the second-order stiffness matrix gives the correct values 
for the forces in all the members. The forces in the columns that 
are pinned top and bottom have axial forces equal to the vertical 
load acting on them, but there are small horizontal reactions at 
their bases, equal to the forces in the connecting beams at the top. 
Thus the leaning columns will put more lateral load on the fixed-
base column, causing its bending moment, shear and deflection 
to be significantly larger, even though its stiffness is not further 
reduced, as the axial force in it will still be essentially equal to P.

CONCLUSIONS
From the discussion above it should be clear that it is compulsory 
to do a second-order analysis for all steel structures. For some 
columns it can make as much as 12% difference in whether a 
section is acceptable or overloaded, and it is not easy to develop a 
‘feel’ for when the effect will be small or large.

Using the amplification factor approach properly is hardly 
an option when the alternative exists to simply set the computer 
program on ‘Second Order’ and proceed as though nothing has 
happened.

It is reassuring to know that Prokon seems to pass all the 
checks as to whether its second-order analysis meets the intent 
of SANS 10162-1. For any other program it would be prudent to 
find out exactly what it does, and to run the AISC benchmark 
problems reproduced above. 
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Figure 5: Leaning columns
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Tall buildings –  
past and present trends

WHERE THE TALL BUILDING 
PHENOMENA STARTED
Vertical habitation isn’t a new trend. It’s 
one that has been driven by urbanisa-
tion and bustling, overpopulated cities 
for centuries. While the high-rise build-
ings we know today became possible 
with the invention of the elevator, and 
newer building materials and structural 
engineering systems, multi-storey 
construction actually dates back to 
the Roman Empire, with vertical cities 
having been around for centuries. 

An example still in existence 
today is the 16th century Yemeni 

city of Shibam which has mud-brick 
tower houses of five to eight sto-
reys high, built to protect the oc-
cupants from Bedouin attacks. 

Social, economic and technological 
developments in the latter part of 
the 19th century created an environ-
ment for modern, high-rise buildings 
to emerge in the North American 
cities of New York and Chicago. 

DARING ENGINEERING 
FEATS OF THE 1800s
In 1852, Elisha Graves Otis built 
the first ‘fall safe’ hoisting system 

The motivation to build tall has changed over time, as has the 
definition of ‘tall’, the materials we use and the designs that are 
possible. The passion, obsession and necessity of building super-
tall and mega-tall structures continue to challenge engineers and 
architects to reach new heights. This article discusses the key 
historical developments, technological advances, current trends and 
engineering considerations of high-rise buildings.

New York City has a large number of super-skinny tall buildings
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(the elevator) which allowed vertical 
transportation of people and goods 
in multi-storey buildings. This in-
vention made the construction of 
skyscrapers possible, and as a result 
greatly altered the way modern cities 
were planned and constructed. 

In 1885, the Home Insurance 
Building in Chicago (originally ten 
storeys and 42 m high) demonstrated 
the use of the first steel-framed gravity 
system. It was the first tall building 
to be supported both internally and 
externally by a fireproof metal frame 
which allowed for large windows at the 
ground level of high-rise buildings. 

This set the trend for using steel-frame 
gravity systems in tall buildings, as the 
loadbearing masonry system used until 
then had been economically inefficient 
beyond 15 storeys. This limitation is evi-
dently demonstrated by the Monadnock 
Building (1893) in Chicago which, at 
17 storeys high, was the tallest in the 
world at the time and was the first in use 
with a portal system for wind bracing. 
However, owing to its loadbearing ma-
sonry system, it had walls up to 1.8 m 
thick at ground level that made the ratio 
of its net-lettable area to its total built 
area simply too low to be economical. 

In 1889 the Eiffel Tower doubled the 
height of the then tallest Washington 
Monument. Rising above 300 m, the 
use of pre-assembled iron components 
created what has since become Paris’s 
iconic landmark. At the time, this 
new architectural concept provided a 
great boost in general confidence to 
the viability of tall metal structures. 

The Ingal Building (now called the 
Transit Building), built in 1903 in the 
US city of Cincinnati, is considered 
to be the first reinforced concrete 
skyscraper. This 16-storey building 
was built by monolithically casting 
the columns, f loors and walls in 
concrete of relatively low strength by 
modern standards (f ’c < 20 MPa).  

Designed by Cincinnati architec-
tural firm Elzner and Anderson, it was 
considered a daring engineering feat 
at the time (people feared the building 
would collapse under wind loads or its 
own weight), but its success saw history 
made in reinforced concrete structures.  

From the 1950s through to the 
1970s, great technological advance-
ments took place that allowed architects 
and engineers to aspire to greater 

heights. Some of these advancements 
included high-strength bolts replacing 
hot-driven rivets, the emergence of 
glass-metal curtain wall façades, the use 
of electric arc welding in shop fabrica-
tion, and the compressive strength of 
concrete catapulting from 40 MPa in 
the 1960s to 65 MPa in the 1970s (and 
eventually 100 MPa+ in the 1990s).  

These technological advances, com-
bined with a deeper understanding of 
structural behaviour and analysis under 
environmental loads (particularly wind 
loads), led to the emergence of super-tall 
buildings being built in Chicago during 
the 1960s and 1970s. These super-tall 
buildings were conceived by structural 
engineers as tubular schemes where the 
entire structure was designed as a can-
tilevered tube (John Hancock Centre, 
1969) or a bundle of tubes (Willis 
Tower, 1974) resisting wind loads.

FROM TALL TO 
SUPER-TALL AND MEGA-TALL
The increasing rate of urbanisa-
tion in recent decades has seen an 
accelerated trend in the construc-
tion of high-rise and tall build-
ings worldwide, particularly in the 
emerging economies of the world.  

A fundamental economic driver for 
the growth of tall (particularly residential) 
buildings is the scarcity of land in the 
densely urbanised parts of the world. The 
competition for constructing the tallest 
building in a city, country, region or the 
world has acted as another driver for the 
growth of tall buildings worldwide. In the 
past two decades or so, the race for con-
structing the tallest has been extended 
to include the contest for constructing 
the most iconic and spectacular high-rise 
buildings often characterised by complex 
geometries and leaning/twisting forms. 

Over the years, the Council on 
Tall Buildings and Urban Habitat 
(CTBUH) has been recording data on 
tall building structures. According 
to the CTBUH’s annual review of 
tall buildings, 97 buildings taller 
than 200 m were completed in 2014, 
which is the most ever in a year, with 
60% of completions being in China. 
Eleven super-tall buildings (more than 
300 m high) were reached in 2010, 
2011 and 2012. South America com-
pleted its first super-tall building, the 
300 m tall Torre Costanera, in 2013, 
and the tallest building completed 

in 2014 was the One World Trade 
Centre in New York at 541 m.

The definition of ‘tall’, however, has 
changed over time. According to the 
definition given by CTBUH, a 200 m 
plus building is tall, 300 m plus is 
super-tall and 600 m plus is mega-tall.   

However, architectural and struc-
tural factors such as the context of the 
building, location, and its slenderness 
(i.e. height-over-base ratio) would de-
mand more f lexible definitions. Skinny 
skyscrapers (tall buildings with a 
height-to-base ratio in excess of 1:10 or 
1:12 are considered slender or skinny), 
for instance, aren’t possible every-
where, and this has more to do with 
the target market and location than 
engineering and design capabilities. 
An example of this is the super-skinny 
tall buildings in New York City, where 
each apartment is a penthouse that oc-
cupies an entire f loor of the building. 

While tall, skinny buildings pre-
sent a number of design challenges, 
the developers of the property need to 
be able to fill it with tenants who are 
willing to pay for the special views that 
a penthouse-style, super-tall and skinny 
building offers. Location and envi-
ronmental factors also influence how 
slender the building can go. Wind engi-
neering is, for example, a fundamental 
aspect in creating tall, skinny buildings.

In 1885, the Home Insurance 

Building in Chicago 

demonstrated the use of the 

first steel-framed gravity system. 

It was the first tall building to 

be supported both internally 

and externally by a fireproof 

metal frame which allowed for 

large windows at the ground 

level of high-rise buildings. This 

set the trend for using steel-

frame gravity systems in tall 

buildings, as the loadbearing 

masonry system used until 

then had been economically 

inefficient beyond 15 storeys.
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THE EVOLUTION OF THE 
FORM OF TALL BUILDINGS
The design and form of original super-
tall buildings used to be structurally 
driven, such as the John Hancock 
Centre of 1969 that had exposed 
structural steel as part of the design.

As design philosophy evolved, 
architects started to use the structure 
to inspire the forms of the build-
ings they designed. Examples of this 
include the Bank of China Tower in 
Hong Kong (which at the time of its 
construction set the record for the 
tallest building outside North America), 
and the Gherkin in London where 
architects and engineers took adapt-
able approaches to the diagonalised 
grid structures on the building façade 
to create efficiency and elegance.

Today, architects and designers have 
more form freedom than ever before. 
Advancement in design and construc-
tion techniques allows engineers to 
assist their architect colleagues in 
creating buildings that would have 
been unimaginable a few decades ago.   

Complex forms often result in an 
increase in construction cost, so a 
careful and sophisticated engineering 
approach is required to achieve the 
architectural vision without unneces-
sary cost overruns. Whether it is in 
the choice of the lateral load-resisting 
structure and/or floor systems, or in the 
approach to integrate the structure in 
the overall geometry and architecture 
of the building, the decisions made by 
the structural engineer have a profound 
impact on the cost, amenity, constructa-
bility and sustainability of tall buildings.

CHANGES IN LOCATIONS, FUNCTIONS 
AND MATERIALS OF TALL BUILDINGS
The locations of the tallest buildings in 
the world, the function of the buildings 
and the materials used to construct them 
are rapidly changing. Only 20 years ago 
75% of the 100 tallest buildings in the 
world were located in North America. As 
of 2014 this figure is less than 25%, with 
the shift occurring predominantly to 
Asia and the Middle East. 

The function of tall buildings has 
also changed in a significant way over 
the past five years – the function of the 
100 tallest buildings in the world moved 
away from predominantly office build-
ings (that dominated the tallest lists for 
many decades) to more residential and 

Exposed structural steel 
was part of the design of 
the John Hancock Centre
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mixed-use functions. Growing popula-
tions and rapid urbanisation in devel-
oping countries may explain this.

DETERMINING THE RIGHT 
STRUCTURAL MATERIALS AND 
DRIVING ECONOMIC DESIGN
The structural materials used in 
high-rise buildings are typically either 

reinforced or pre-stressed concrete, 
structural steel or composite systems, 
or a combination of these.  

Structural material systems for 
high-rise buildings should be chosen by 
carefully considering architectural, eco-
nomical and site factors. The economic 
drivers vary by geography, as the rela-
tive costs of material, labour, time and 

space vary from one location to another. 
Other factors to consider in choosing 
the structural material include: 

 Q local market preference/availability
 Q project size/height
 Q building form (regular vs complex)
 Q design considerations (fire perfor-
mance, dynamic performance, adapt-
ability and the like)
 Q site location/access
 Q speed of construction. 

Preferences and the economic viability 
of the different structural materials 
that are used in the construction of 
tall buildings are also changing. In 
1970, 90% of the 100 tallest buildings 
in the world were all-steel build-
ings. Today, all-steel buildings ac-
count for less than 15% in favour of 
concrete or composite structures. 
The cost of materials, technological 
expertise and the way in which tall 
buildings are being built all influence 
this change in material selection. 

Driving economic design in the con-
struction of high-rise buildings isn’t the 
same all over the world. What is cost-
effective in one country will not neces-
sarily be cost-effective halfway around 
the world. Materials, labour cost, the 
value of time and the value of space all 
need to be carefully weighed in order to 
drive economic design.

TALL BEHAVIOUR 
From a structural engineering point 
of view, as high-rise buildings get 
taller and more slender, their design 
becomes increasingly and funda-
mentally influenced by specific 
behavioural factors that are far less 
significant for shorter buildings. 

These factors include the dynamic 
response of tall buildings to wind loads 
both in the ultimate and serviceability 
limit states, and the differential axial 
shortenings of the vertical elements of 
tall buildings under gravity load effects. 
As far as these factors are concerned, 
the absolute height of the building is 
not necessarily the best measure for tall 
behaviour. In particular, the magnitude 
of the dynamic wind response is more 
significantly influenced by the overall 
slenderness of the building and the 
natural frequencies of its fundamental 
modes, i.e. the first two-sway modes 
about the principal axes of the building 
and its first torsional mode, than its 
absolute height.   

St Mary Axe, better known by its nickname 'The Gherkin', in London
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The overall slenderness of a tall 
building is usually defined by its height-
to-base ratio, being the height of the 
building divided by its narrowest plan 
dimension. Essentially, higher height-to-
base ratios and lower natural frequen-
cies increase the dynamic component 
of the response to wind. A building 
with a height-to-base ratio of more than 
around 5 and/or a fundamental natural 
frequency of less than approximately 
0.2 Hz is expected to respond to wind 
loads in a significantly dynamic way 
(where building inertial effects are sig-
nificant) or even in a potentially aero-
elastic fashion (where building motion 
interacts with and influences the wind 
f low).    

WIND ENGINEERING OF  
HIGH-RISE BUILDINGS
Wind loads affecting the design and con-
struction of high-rise buildings are intrin-
sically dynamic and random in nature (in 
both time and space). 

Wind speed can be described as 
a mean value upon which random 

fluctuations or gusts are superimposed. 
The wind loads arising from the mean and 
gust wind speeds are called Mean and 
Background components, respectively.  

For slender, tall buildings there 
is a third component of wind load, 
namely the resonant component that 
dominates the structural behaviour. 
The Resonant wind load is the result 
of the f luctuating frequency of wind 
effects (for example ‘vortex shedding’ 
effects) matching the natural frequency 
of the building structure. This results 
in amplifying effects – much the same 
as the amplifying effect resulting from 
a playground swing or a pendulum 
being pushed at the same time in-
terval, i.e. frequency or period, as its 
natural swinging frequency or period.

When designing a building, the 
Mean, Background and Resonant 
wind loads need to be considered:

 QMean wind load: Steady drag and 
lift forces due to dynamic pressures 
arising from the mean wind speed.
 QBackground wind load: Non-
steady drag/lift forces due to 

additional dynamic pressures 
arising from gust wind speed.
 QResonant wind load: Transient 
inertial forces generated by the 
dynamic responses of the structure 
to wind (both direct and interfer-
ence effects), which are negligible 
for low-rise buildings but dominant 
in tall buildings. Table 1 shows 
the significance of these wind 
loads on three building types. 

Wind has always been an important 
consideration when erecting tall buildings 
and it becomes more important and com-
plex as height increases.   

Wind loading on tall buildings can 
have a direct impact on the servicea-
bility of the building as well as the com-
fort of occupants as they will be able to 
perceive building motion (acceleration) 
due to the Resonant component of wind 
if appropriate design measures are not 
used to mitigate excessive building 
vibrations.  

Controlling wind motion or accel-
eration to acceptable levels for human 
comfort is often a critical aspect of 
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tall building design. As is the case 
with other resonant dynamic effects, 
increasing damping is often the most 
effective method in controlling wind 
motions. However, a reliable level of 
damping in buildings is often quite lim-
ited, i.e. equal or less than 1% of critical 
damping. Therefore, additional dampers 
would often be required. A common 
approach is to add tuned mass dampers 
(TMDs) at or near the top of the tall 
building. A TMD acts essentially as a 
shock absorber, pushing the building 
against the force of the wind.  

SEISMIC ENGINEERING OF  
HIGH-RISE BUILDINGS
The prime objective of seismic design 
is clearly to provide life safety. The 
common practice to achieve economic 
and safe design is to dissipate seismic 
energy in the structure during an 
earthquake by forming controlled 
and stable ‘damages’ in the structure 
(in the so called plastic hinges). 

To ensure that damage is distrib-
uted rather uniformly among floors 
and that the gravity load path is not 
compromised, engineers often use what 
is called a ‘strong column/weak beam’ 
design philosophy which stipulates that 
the columns of a joint need to be at least 
20% stronger than the beams framing 
the same joint. While this philosophy 
provides life safety, the implication of 
widespread plastic hinges is extensive 
damage throughout the structure to the 
extent that the building might be dam-
aged beyond repair after an earthquake.

In New Zealand, Christchurch’s 
central business district saw the devas-
tating impact that an earthquake can 
have on a city after the 6.3 magnitude 
earthquake of 22 February 2011 led 
to the death of 183 people in New 
Zealand’s second-largest city.  

The seismic forces generated by the 
very large ground accelerations (peak 
of 1.8 g horizontal and 2.2 g vertical) 

caused widespread damage to buildings 
and infrastructure. While the majority 
of high-rise buildings performed satis-
factorily in so far as providing safety to 
the public during and immediately after 
the earthquake, the extent of damage 
to many high-rise buildings were be-
yond repair. Originally the total cost to 
insurers for rebuilding was estimated 
at NZ$15 billion, but this skyrocketed 
to NZ$40 billion within two years.  

The heavy financial cost of the 
Christchurch earthquake demonstrated 
the value that a low-damage design 
philosophy could have offered. By con-
centrating and dissipating seismic energy 
in predefined parts of a building, a low-
damage design philosophy creates a more 
resilient system that increases post-event 
operability for owners and tenants. The 
additional capital cost of this investment 
can range from negligible to approxi-
mately 4% with a base-isolation system. 
Downstream advantages include secure 
tenants, lower insurance premiums and 
fundamentally a safer built environment.

 While base-isolation systems, such 
as friction pendulum bearings, have 
been in use for some time, Aurecon 
has developed innovative rocking, and 
sliding frame systems in collaboration 
with major universities in New Zealand. 
For example, post-tensioned rocking 
walls have been incorporated in high-
rise building designs to increase the 
natural period of the building (without 
damaging it) and thereby reducing how 
much force a building feels during an 
earthquake. The post-tensioning ele-
ments provide restoring forces to bring 
the building back to its position after the 
rocking motion of the earthquake pulses. 

A LOOK INTO THE FUTURE: 
MATERIAL, TECHNOLOGY AND 
SUSTAINABILITY 
The global impact of buildings means that 
engineers and designers need to start cre-
ating more sustainable high-rise buildings. 

Table 1: Significance of wind loads on building types

Building type Mean wind load Background wind 
load

Resonant wind 
load

Low-rise Significant Very significant Negligible 

High-rise Significant Significant Small

Tall Significant Small Dominant

The heavy financial cost of 

the Christchurch earthquake 

demonstrated the value that a 

low-damage design philosophy 

could have offered. By 

concentrating and dissipating 

seismic energy in predefined 

parts of a building, a low-

damage design philosophy 

creates a more resilient 

system that increases post-

event operability for owners 

and tenants. The additional 

capital cost of this investment 

can range from negligible to 

approximately 4% with a base-

isolation system. Downstream 

advantages include secure 

tenants, lower insurance 

premiums and fundamentally a 

safer built environment.
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Currently, buildings account for 40% of 
global energy use, 15% of water use and 
30% of the waste that is generated.   

Although the drive to deliver good, 
functional and economical designs 
for high-rise buildings is not changing 
fundamentally, the focus to produce 
energy-efficient and sustainable designs 
is expected to increase at an accelerating 
pace. Tall buildings are proportionally 
more material- and energy-hungry than 
lower-rise buildings. In high-rise build-
ings the structure is a large portion of the 
overall cost and embodied energy, and 
hence the structural engineer can signifi-
cantly influence the overall sustainable 
design outcome.   

Sustainable structural design goals 
can be achieved by addressing the fol-
lowing three objectives: reduce, reuse 
and recycle. Advanced analysis and 
design methodologies allow engineers 
to design increasingly more efficient 
structures with just the required 
amount of material and no more. Also, 
new material technology is opening the 
way for the reduction of the embodied 

energy per unit of material in terms 
of transport energy, sustainable sup-
plies, and the like. The use of industrial 
by-products such as f ly-ash, slag and 
silica fume as a cement substitute can 
drastically reduce the embodied energy 
of concrete.  

Reuse is about adapting the use of 
a high-rise building while keeping the 
original structure. There are growing 
examples of adaptive reuse of high-rise 
buildings globally. To achieve future 
reusability of high-rise buildings, an 
important design consideration is the 
provision of planning f lexibility. This 
can be achieved in the design phase by 
a generous choice of structural grid, 
live load allowances and the like, i.e. 
using longer spans and larger live loads 
that are more adaptable to future reuse. 
The emergence of building informa-
tion modelling (BIM) as a repository 
of information for asset management 
(as-built drawings, mill certificates and 
the like) is also expected to facilitate 
future reuse opportunities. Future high-
rise buildings are likely to be designed 

with more consideration given to the 
recyclability of structural components – 
beams, columns, etc.   

While the trend in the development of 
higher-strength steel and concrete is not 
stopping, use of new material with supe-
rior performance (like fibre-reinforced 
concrete) and/or superior sustainability 
(such as engineered timber) is gaining 
significant momentum. While timber 
buildings of taller than ten storeys have 
already been achieved, there are signifi-
cant research and development projects 
under way globally aiming to construct 
buildings as tall as 40 storeys in steel-
reinforced timber. 

The other growing trend is in offsite 
fabrication of high-rise buildings. As 
labour costs escalate relative to mate-
rial costs, and as construction safety 
and quality gain increasing attention, 
solutions involving prefabricated or 
manufactured structural components and 
building modules are gaining increasing 
popularity. There is a growing trend in the 
construction of high-rise buildings from 
fully modular systems. 
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Plate load test 101
BACKGROUND AND OVERVIEW
Plate load tests have been used ex-
tensively in the past to determine the 
bearing capacity and the stiffness of 
soil. Most geotechnical problems are 
governed by allowable settlement re-
quirements. Therefore geotechnical 
professionals are continuously searching 
for improved test methods and new 
techniques to determine soil stiffness 
more accurately and cost-effectively. 

Two of the main advantages of plate 
load tests are the cost-effectiveness of 
the test and the relative straightforward 
test procedure. During conventional 
plate load tests the stiffness of the soil 
is determined by measuring the set-
tlement of a plate placed on the soil 
surface. If the contact between the plate 
and the ground is not smooth, bedding 
errors may occur during the test, where 
plastic strain occurs at the contacts be-
tween the plate and the ground. 

During research for my MEng de-
gree, the effect of bedding errors on the 
accuracy of plate load tests and how 
bedding errors can be minimised for 
routine plate load tests were investi-
gated. Since completing my studies at 
the University of Pretoria in 2013, I have 
received numerous calls and emails 
regarding the design and application of 
plate load tests. The different questions 
ranged from equipment limitations, 
instrument selection, test procedures 
and the interpretation of test data. As a 
result, I decided to write an article that 
will help towards equipping individuals 
to better design, perform and interpret 
plate load tests. 

In this article we will first examine the 
different components of a typical plate load 
test, and also evaluate the factors affecting 
the test data. A step-by-step guide will then 
be provided for a well-designed plate load 
test, and finally we will look at the different 
ways of interpreting the resulting test data.

APPLICATIONS OF  
PLATE LOAD TESTS
Plate load tests have an important role in 
geotechnical engineering, not only in the 
determination of soil stiffness, but also in 
various other applications. The numerous 
applications of plate load tests include, but 
are not limited to, the following: 

 QTo validate the compaction quality 
during construction.
 QTo estimate foundation settlements 
based on plate load test settlements.
 QTo determine the allowable bearing 
capacity.
 QTo calculate soil stiffness values at dif-
ferent applied loads.

It is very important that the application of 
the required plate load tests will be agreed 
with the client prior to designing of the 
test methodology.

COMPONENTS OF  
PLATE LOAD TESTS
The main components of a conventional 
plate load test (PLT) include (1) a reaction 
beam or force, (2) a hydraulic pump and 
jack system to provide the applied load, 
(3) a selection of loading plates, (4) instru-
ments to measure both the applied load 
and the plate displacements, and (5) a 
reference beam system. Figure 1 shows a 
typical PLT setup and components.

My research showed that the two 
most popular reaction force options used 
in routine plate load tests are the chassis 
of loaded trucks or excavator buckets. 
Other options include Kentledge concrete 
blocks and grouted anchors, as shown in 
Figure 1. The steel plates typically vary 
between 150 mm and 600 mm, which are 
loaded using a hydraulic pump and jack 
system. It is important that the capacity of 
the hydraulic jack should be large enough 
to safely supply the required load. 

The plate size selection might some-
times be governed by equipment limita-
tion, but preferably the required influ-
ence depth should be less than 1.5 times 
the available plate diameter. This rule 

Reaction beam

Hydraulic jack

Load cell

Plates
Reference beams and 
dial gauges

Anchors

Figure 1: Conventional plate load test
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of thumb is based on the influence 
depths for circular foundations from 
Boussinesq’s theory, where less than 
20% of the applied stress occurs below 
1.5 times the plate diameter (Boussinesq 
1885). The displacement of the plate 
is typically measured with three cali-
brated dial gauges placed 120 degrees 
apart and approximately 25 mm from 
the plate perimeter, to accommodate 
any tilt that might occur during testing. 
Figure 2 shows the plate load test setup 
used for my research.

MINIMISING OF BEDDING ERRORS
Results from my research demonstrate 
that bedding errors can have a sig-
nificant effect on soil stiffness values 
when external measurements are used 
to measure the displacements of the 
plate. Such plate load tests can result in 
stiffness values of up to 50% lower than 
stiffness values inferred from seismic 
tests (Barnard 2013). This is of particular 

concern when the plate load test stiffness 
values are used for foundation designs in 
large construction projects.

Plaster of Paris is the best interface 
material to place between the plate and 
the soil. My research has shown that it 
best reduces the bedding errors, and it is 
therefore recommended that Plaster of 
Paris is used as interface material when 
conducting plate load tests on soils. 
Sometimes it is difficult or impractical to 
use Plaster of Paris; under such conditions 
well-graded sand may be used. The reduc-
tion in bedding errors when using sand is 
not as much as with Plaster of Paris, but 
it is significantly better that not using any 
interface material.

HOW TO DESIGN AN ACCURATE 
PLATE LOAD TEST
Step 1: The first step is to determine the 
required influence depth to be tested. The 
required influence depth will typically be 
the layer thickness to be tested, as specified 

Figure 2: Plate load test setup
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by the client. For compaction control tests 
the influence depth is normally flexible 
and can be changed to accommodate other 
equipment limitations, such as plate size 
availability. On the other hand, if the aim 
of the plate load test is to calculate the 
bearing capacity or stiffness value of a soil 
horizon, it is important that the thickness 
of the particular soil horizon is known.

Step 2: The second step is to determine 
the pressure required during testing. The 
required pressure is typically governed by 
the working load expected during opera-
tions. For compaction control tests, the 
required pressure should be at least three 
times the allowable bearing capacity as-
sumed during the design phase. For stiff-
ness tests, it may be acceptable to test up to 
1.5 times the working load.

Step 3: In the next step, the plate area 
should be calculated for the selected plate 
size. As previously mentioned the plate size 
has a direct correlation to the influence 
depth (1.5 times plate diameter). If the 
calculated influence depth is less than the 
required influence depth, as determined in 
Step 1, the plate size should be increased 
as shown in Figure 3, or the required influ-
ence depth should be reconsidered. Once 
the required influence depth criterion is 
met, the plate area can be calculated. 

Step 4: The available load (kN) is cal-
culated from the lesser of the reaction force 
and the available hydraulic jack system. 

Step 5: The available contact pres-
sure can now be calculated with the plate 
area and available load, as determined in 
Steps 3 and 4 respectively. If the available 
pressure is less than the required pres-
sure determined in Step 2, the only two 
options to increase the available pressure, 
is either to decrease the plate size or to 
increase the available load. Note that by 
decreasing the plate size, the influence 
depth will also decrease and therefore the 
required influence depth should be recon-
sidered. However, it may be impossible to 
increase either the reaction force or the 
hydraulic jack capacity due to equipment 
limitations. 

Step 6: Once the equipment is se-
lected such that the required pressure 
can be applied, one needs to determine 
the loading sequence. Once again, it all 
depends on the application of the tests. 

Step 7: The last step is to select the 
appropriate instrumentation for the plate 
load test. The decision to select a pressure 
gauge or load cell to measure the ap-
plied load, as well as which displacement 

instruments to select, will depend mainly 
on the instrument’s ability to provide suf-
ficient accuracy, precision and resolution. 

INTERPRETATION OF FIELD DATA
The average vertical displacement of the 
plate (ρ) obtained from the three meas-
uring devices can be used in Equation 1 
(Timoshenko & Goodier 1951), together 
with the plate diameter (D), and Poisson’s 
ratio (v), to determine the secant stiffness 
values at different applied loads. The con-
tact stress (q) is determined as the applied 
load divided by the plate area, which 
assumes a uniform pressure distribution 
across the plate. 

E = 
π · q · D ·(1 – v2)

4 ρ   
(1)

CLOSING REMARKS
Are plate load tests still relevant in geo-
technical engineering? Absolutely! As 
presented in Figure 3, one needs a good 
understanding of the different factors 
affecting plate load test results in order 
to ensure sound readings, and a holistic 
approach should be followed when de-
signing plate load tests. 

For a more in-depth discussion on 
plate load tests, please refer to the Journal 
of the South African Institution of Civil 
Engineering, Vol 57 No 1 (March 2015), 
in which a technical paper on the effect 
of bedding errors on the accuracy of 
plate load tests was published (Barnard & 
Heymann 2015). 
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Müller Verpress Piling  a first for South Africa 
BACKGROUND
The Port of Durban is the busiest general 
cargo port in Africa, integral for en-
suring that much needed resources can 
be imported and exported, in doing so 
keeping the wheels of the South African 
economy turning.

As part of Transnet National Port 
Authorities’ (TNPA) growth strategy, 
sections of the port have been identified 
for reconstruction and deepening to en-
sure that the infrastructure will be both 
serviceable for the next 50 years and will 
cater for the newer generations of vessels 
which call at the port.

The Maydon Wharf precinct con-
sists of 14 berths in total, seven of which 
are steel sheet-piled structures con-
structed between the 1960s and 1970s. 
Following an extensive assessment of 
the quay wall conditions it was identi-
fied that Berth 12 was in a critical state 
of failure, with the remaining six berths 

in a similar condition. Maydon Wharf 
Berth 12 was successfully reconstructed 
by Stefanutti Stocks in 2012, with the 
remaining six berths (1–4, 13 and 14) 
being put out for tender in late 2013. 

JOINT VENTURE
The Stefanutti Stocks Axsys JV (SSA JV) 
was awarded the contract in April 2014. 
Axsys Infrastructure is a strategic en-
terprise development partner who had 
previously undertaken various contracts 
for Stefanutti Stocks. Stefanutti Stocks 
partnered with Axsys, in line with the 
ambit of the National Development 
Plan, to pass on their knowledge and 
construction skills in the marine envi-
ronment.

Stefanutti Stocks Marine recently 
implemented INVOCOMS, a tool 
to improve productivity through 
increased communication and involve-
ment throughout all levels of the or-

We thank Eswee Kruger, site planner on the 
Maydon Wharf project, for the use of his 

photographs to illustrate this article.

Maydon Wharf, Berth 1, Port of Durban

KEY QUANTITIES

HZ 1180 M/AZ 18 700 combination wall 10 550 t

Grouted HP Anchor Pile 33 m 402 no.

Concrete works 10 500 m3

Dredging 271 500 m3

Scour rock 50 000 m3

Berths to be reconstructed 1–4, 13 and 14

Contract award April 2014

Contract completion December 2016
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Müller Verpress Piling  a first for South Africa 

Maydon Wharf Precinct –  
note berths under reconstruction

ganisation. A set of 3D work sequences 
were created by our draughtsman as 
a tool which the site team can use in 
their daily meetings with their charge 
hands and labourers. Supervisors make 
use of the 3D images to explain the 
work for the day and discuss how each 

small task contributes to the comple-
tion of the project.

CONSTRUCTION
Before piling can begin the piles are pre-
pared in Lot 3 (an area allocated by the 
client for the duration of the contract). 

However, there is only sufficient space 
for one third of the piles needed for the 
project. Keeping the site supplied with 
materials whilst timing shipments of piles 
from the Netherlands is proving to be a 
logistical challenge. In Lot 3 the king piles 
are profiled with a curved cutting edge to 
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aid installation. The anchor piles have ad-
ditional preparations for the grout system. 
Transporting and offloading the king piles 
timeously requires the use of bespoke 
pile bogeys and crawler cranes with the 
capacity to offload the piles on land and 
place onto the supply barges. 

The reconstruction begins with 
demolishing the existing cope beam 
and excavating behind the quay wall to 

reduce the pressure acting on the aged 
wall. This ensures that the wall does 
not fail due to imposed loads during the 
construction phase. The specification 
prescribed the use of impact hammers 
in lieu of vibratory hammers, as it is 
a known fact that the latter have the 
potential to induce vibration into the 
surrounding soil matrix due to their high 
frequency. This vibration could liquefy 

the soil in a localised area around the toe 
of the existing wall, which would reduce 
the shear properties of the soil, most 
likely causing the toe of the existing 
sheet pile wall to rotate, inducing a cata-
strophic failure. 

The specified combination wall 
supplied by Arcelor Mittal comprises 
Double I section HZ 1180M/Sol 24 piles 
(king piles) which form the structural 

In line with the ambit of the National Development Plan, the joint venture enables 
Stefanutti Stocks to pass on their experience of construction in the marine environment

A 3D image used to enhance work sequencing Aerial view of Berth 1; note the congested 
work area due to load restriction
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elements, and AZ 18-700 sheet piles 
which act as filler sections. The team 
makes use of a 7-bay pile guide frame 
(modified from lessons learnt on the 
previous Berth 12 contract) to ensure 
the piles are kept within their vertical 
and horizontal alignment tolerances 
and do not twist. 

Piling is undertaken by a seasoned 
team from their 40 x 15 m floating 
office, equipped with a 180 t crawler 
crane, hydraulic piling hammer and 
additional personnel facilities. The 
hammer with a 16 t ram drives the 27 t 
king piles into position in quick suc-
cession (a piling rule of thumb recom-
mends a minimum hammer weight half 
that of the pile being driven).

While the marine team is driving 
the combination wall, the land-based 
crew immerse themselves (literally, 
due to the tidal variances!) in the work 
of removing the timber piles which 
formed part of the old quay structure. 
These piles are removed by means of 
a vibrator hammer and a 110 t crawler 
crane. Even with a custom hydraulic 

Every HP pile is prepared with a cutting toe, grout 
shoe and steel grout tubes prior to installation

The grout tubes terminate at the toe of 
the pile in the ‘shoe’, which creates a void 
around the pile as it is driven into the soil
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clamping device the team still battles to 
extract the piles, as the wood exposed 
to the tidal zone has decayed at such an 
accelerated rate, that only a very thin 
hourglass-shaped section is left, which 
often shears during extraction.

ANCHOR PILING
Berth 12 made use of a dead-man anchor 
wall to tie back the combination wall, but 
this is not possible on the current project, 
as there are access restrictions and ex-
isting structures impeding the placement 

of a dead-man wall. Railway and Civil 
Engineering Consultants (RCE), the design 
consultant for Transnet Capital Projects, 
proposed that a new technology be used in 
place of the dead-man anchor wall. 

Although a first for South Africa, 
the Müller Verpress Pile (MV-Pile 
or HP) has been used extensively in 
Germany, the Netherlands and the 
United States for anchoring large com-
bination-wall systems (both grouted 
and ungrouted) as an alternative to 
the traditional dead-man anchor solu-
tion, and is known to be exceptionally 
economical both in terms of cost and 
performance. 

The system makes use of H-section 
bearing piles supplied with thickened 
flanges by Arcelor Mittal. The piles are 
usually driven at 45 degrees to the com-
bination wall through the centre of the 

King piles (27 t) driven with a 
hydraulic impact hammer from 

floating plant

Driving infill AZ sheets

The piling rig is mounted on a hydraulic platform allowing the rig to be shifted incrementally during 
the alignment of the pile prior to driving

Extraction of timber piles with hydraulic 
vibrator and clamp; note that the clamp is 
semi-submerged due to piles shearing off 

below the low-water level 

Bespoke anchor piling rig
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king pile to which it is later pinned. While 
the pile is being driven to level, grout is 
pumped out near the toe of the pile at 
10 bar through modifications made at 
Lot 3. The grout acts as lubricant during 
driving, and once set, it bonds to the 
steel pile and the surrounding substrate, 
increasing the frictional resistance of the 
anchor as well as protecting it from the 
adverse effects of corrosion.

The Niord barge is the pride of the 
project, a bespoke piling barge custom-
built to drive the 33 m long anchor piles. 

Mounted on a hydraulic platform, 
which in turn is fitted to the barge, is a 

converted Hitachi piling rig. It was pro-
cured in the Netherlands along with the 
expertise of a Dutch piling engineer (who 
better to learn from than the masters of 
piling?). The engineer assisted the team 
to set up the piling rig and was present 
during the driving of the first few piles. 
The local team soon learnt the ropes and 
is now installing piles at a rapid rate – 
indeed the right tool for the job!

The HP piling rig makes use of an IHC 
70 hydraulic piling hammer to drive the 
piles. The barge is capable of jacking itself 
out of the water, which prevents it from 
being affected by the waves of passing ves-

sels and the swell in the harbour, and also 
prevents the piling being affected by tidal 
variations. By operating on a hydraulic 
platform the rig can be positioned to the 
millimetre, as well as track to three posi-
tions per barge movement.

The success of the HP piling can be 
measured through the results of the test 
piles, which have passed the stringent 
testing and specification requirements 
set forth in the contract. 

The use of HP piles in South Africa 
is a first and something the Stefanutti 
Stocks Axsys JV prides itself on accom-
plishing successfully. 

The final 2 m of driving requires a follower to 
ensure the hammer does not conflict with the pile

Once the HP piles are driven 
they are pinned to the king pile
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PROBLEMS ENCOUNTERED  
AND INNOVATIONS
As with any site it always looks terrific 
on paper, but once you actually start, the 
problems are identified:

Quay wall in failure
The existing quay wall is in a state of 
failure, and all crane-based activities are 
situated over 10 m away from the quay 
requiring high-capacity crawler cranes to 
undertake the work.

Hard driving
Geotechnical investigations allowed the SSA 
JV to size the correct hammers, and so far 
the soil conditions along the quay wall are 
no match for the arsenal of piling hammers 
in the JV’s inventory. Pile-driving dura-
tions in excess of two hours encountered 
on Berth 12 are now substantially reduced 
through the use of heavier piling equipment.

Unknown obstructions
The existing quay wall had a number of 
previous emergency repairs done with 
mass concrete being pumped into the 
voids. This was not identified on the draw-
ings at tender stage, but is being handled 
on site. Prior to commencing king piling 
the JV made use of its long-reach excavator 
to ‘rake’ in front of the quay wall, thereby 
ensuring that no obstructions in the top 
2 m would affect the piling operation.

Project management
Managing the relationship between the 
site team and the client’s project man-
agement team is a unique experience 
on every project. Stefanutti Stocks has 
experience in the NEC 3 – Option A 
contract after successfully completing 
the Berth 12 reconstruction in 2012, as 
well as extensive experience with NEC 3 
– Option B contracts which assist with 

the continuous management of and coop-
eration with the client, as required by the 
NEC document.  

New technology
Müller Verpress piling has never been un-
dertaken in South Africa, and is also a first 
for the JV’s experienced piling team, but 
with the right equipment and engineering 
experience they soon learnt the process.

Working in an operational port
All activities are undertaken in a working 
port environment and deliveries are sub-
ject to port congestion. The SSA JV must 
ensure that no disruptions to commercial 
port activities occur.

Boulders
At tender stage there was a degree of 
uncertainty surrounding the boulder layer 
in the anchor piling section, so it was 
allowed to drive a mandrill into the pile 
location before permanent piling com-
menced. On-site conditions so far, how-
ever, do not necessitate this requirement.

CONCLUSION
The biggest challenge on the project is the 
requirement to cast the in-situ cope beam 
to below 0 m Chart Datum (lowest astro-
nomical tide) in the dry. Initially (during 
tender stage) it was envisaged that the cope 
could be cast in a coffer with tremmie 
concrete. However, this is not permitted by 
the client. The engineer prescribed that the 
cope shall be cast in the dry, which posed 
an enormous challenge to the team on site. 
The team, in conjunction with WML Coast, 
designed a shutter that is water-tight yet 
flexible enough to cope with the irregular 
shape of the piled combination wall. 

After months of design work and 
many hours put in by the site team, the 
first fender panel was successfully cast in 
May 2015. With the piling and demolition 
works now well under way, as well as the 
first fender cast done, the pressure now 
falls on the teams to meet the sectional 
completion date later this year. 

Raking the pile line prior to driving king piles ensured that no 
obstructions within the top 2 m of the sea bed could affect the piling

Fender shutter in place and ready to be cast

PROJECT TEAM

Client: Transnet SOC Ltd 
Project Manager: Transnet Capital Projects
Engineering Consultant: RCE
Contractor: Stefanutti Stocks Axsys Joint 
Venture
Design Consultant for temporary works:  
WML Coast 
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Completion of bulk upgrades for the implementation of the 

Lotus Canal stormwater masterplan

OVERVIEW
Bergstan South Africa was appointed 
by the City of Cape Town, Transport for 
Cape Town (TCT) Branch, to design and 
implement upgrades to the Lotus Canal. 
These bulk upgrades form the final con-
struction phase that would complete the 
requirements of the Lotus Canal storm-
water masterplan.

The Lotus Canal is a stormwater carrier 
that was constructed during the middle of 
last century to convey increased post-war 
development runoff. The canal originates 
in the Cape Town Airport Industria area 
and flows south through Gugulethu, Ottery, 
Grassy Park and the Zeekoevlei wetland 
before discharging into False Bay.

The 14 km2 catchment shown in 
Figure 1 is the main stormwater con-
tributor to the study area. The grades 
of the catchment are typically low and 
as a result the catchment is susceptible 
to flooding. The aim of the project was 
to design and implement a stormwater 
conveyance and temporal storage solution 
that would meet the requirements of the 
50-year fully developed flow scenario for 
this study area and reduce the flood risk 
up- and downstream. 

The hydraulic study focused on the 
stretch of canal between Duinefontein 
Road and Vygekraal Road along with 
the two bodies of water south of Govan 
Mbeki Road and Jakes Gerwel Drive.

The designers were cognisant of the 
environmental sensitivity of the areas 
due to the sites being located either side 
of the Edith Stevens Nature and Wetland 
Reserve. The 7 ha site south of Jakes 
Gerwel Drive had good potential to com-
plement and contribute to the existing 
wetland environment, and therefore a 
softer engineering approach would be im-
plemented with the aim of reintroducing 
wetland habitat into the area.

Shown in Figure 2

Edith Stevens 
Stormwater Pond
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Figure 1: The Lotus Canal catchment upstream of the study area

Figure 2: Study area and 
proposed pond site

Figure 3: Edith Stevens Pond with bird hide and island 
(notice pipe jacking operations in the background)
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STUDY AREA
Between Duinefontein Road and 
Vygekraal Road the canal runs parallel 
to Govan Mbeki Road and consists of a 
concrete-lined trapezoidal channel and 
grassed-over banks. The canal f lows 
at a grade of 1:1500 until it reaches the 
Vygekraal Road crossing where it passes 
a f low restrictor in the form of a single 
3 x 2.4 m portal culvert. This structure 
prevents f looding in the dense urban 
areas downstream. The f lood f low 
backs up against the Vygekraal Road 
crossing where it spills through three 
2.4 m(W) x 1.8 m(H) portal culverts 
constructed laterally to the channel. 
These culverts convey f low into the per-
manent water body known as the Edith 
Stevens Stormwater Pond. As the Edith 
Stevens pond fills, it f lows through 
three 1.2 m(W) x 0.6 m(H) portal 
culverts that cross under Jakes Gerwel 
Drive and Old Lansdowne Road, before 
discharging into an existing smaller 
stormwater pond of 16 000 m3.

Figure 4: Vygekraal Road crossing with lateral 
culverts and litter grid in the foreground

Figure 5: Schematic representation of the Lotus Canal stormwater model
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These stormwater features act as bal-
ancing ponds to temporarily store flood 
flows and maintain a maximum depth 
of flow in the system and the subsequent 
head-controlled flow downstream of 
Vygekraal Road. 

Figure 5 shows a schematic representa-
tion of the bulk stormwater system model 
at the study area prior to any upgrades.. 
The system modelling identified that ad-
ditional culvert capacity would be required 
under both road crossings along with 
60 000 m3 of additional storage volume. 
This would convey and store the fully 
developed 50-year flow scenario, whilst 
maintaining required flows downstream. 
Following a meeting with the City of Cape 
Town’s Roads Department it was decided 
that a trenchless solution should be 
designed to avoid disrupting and compro-
mising the integrity of these major roads.

Botanical and freshwater studies 
were carried out on the pond site to 
guide the design and construction of 
the pond. Due to the mixed land uses 
over the years, the site had been sig-
nificantly degraded, and the proposed Figure 6: Design of wetland rehabilitation in the new pond site
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interventions for the reintroduction of a 
wetland environment were well received 
and therefore recommended.

DESIGN SOLUTION
The various trenchless options were 
investigated, and it was concluded that 
pipe jacking would be the most suitable 
option due to the low cover levels avail-
able under the roads. The maximum 
pipe jack possible in this situation was a 
900 mm internal diameter jacking pipe, 
with cover levels under the roads ranging 
from 1.2 m to 1.5 m.

Due to the low cover levels and 
seasonally high water table it was 
particularly important to prevent any 
washout of fines through the joints of 

the pipes, and therefore, subsequent 
to the pipe jacking, the culverts would 
need to be lined. The small pipe diam-
eter prevented the use of conventional 
pipe-lining methods due to the loss of 
effective cross-sectional area. Alternative 
methods were therefore investigated. A 
Cured In Place Pipe (CIPP) liner was se-
lected with UV curing as opposed to heat 
curing to avoid potential pollution runoff 
in this environmentally sensitive area.

The final solution consisted of 4 No 
900 mmØ culverts under Govan Mbeki 
Road and 6 No 900 mmØ culverts under 
Jakes Gerwel Drive, all constructed 
through pipe jacking, with the crossing of 
Old Lansdowne Road being constructed 
through open excavation. 

This is a total of 262 m of 900 mmØ 
pipe jacking, 138 m of 900 mmØ open 
trench excavation and 400 m of UV-cured 
CIPP liner, combined with 60 000 m3 of 
bulk excavation.

The bulk excavation would form the 
basis of the pond design and wetland 
reintroduction. The pond was designed 
to have seasonally wet and dry areas and 
some permanent water bodies. There are 
also raised islands with nesting features to 
compliment the existing bird island in the 
Edith Stevens Wetland Pond. All vegeta-
tion specified are indigenous wetland spe-
cies sourced either from the Edith Stevens 
nursery itself or from local suppliers. Water 
table levels were monitored throughout 
the year during the design process and 

Figure 7: Challenging earthworks conditions with 
excavation at or below the groundwater table

Figure 8: Dual jacking operations commencing 
under Jakes Gerwel Drive
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historical data was also used to aid the 
selection of species for that particular envi-
ronment and for the design of the pond.

CONSTRUCTION
The site involves crossing two main 
service routes, and therefore the locating 
and relocating of services form a crucial 
part of the contract. Crossing Jakes 
Gerwel Drive the contractor would have 
to work around the 1.8 mØ Steenbras 
water main, the 900 mmØ bulk Philippi 
sewer, as well as various communication 
services. Crossing Govan Mbeki there is a 
535 mmØ bulk water main that currently 
cranks down below the existing culverts 
to a depth of approximately 4 m below 
ground level. This water main is concrete-
encased for the portion underneath the 
existing culverts, and site investigations 
by the contractor will determine whether 
the water main will need to be lowered 
with further encasement and construc-
tion of a new scour chamber to allow the 
pipe jacking. If water main elevations 
permit, the contractor will be required to 
jack over the top of this in-situ service.

Constructing in the flood plain and 
canals is a technically difficult and chal-
lenging operation. During the Cape winter 
months the contractor will have to plan 
the earthworks operations carefully, as the 
majority of the pond invert will be at or 
slightly below the water table by the end of 
winter. As the stormwater system functions 
through inundation, and culvert inverts are 
at average groundwater levels, protection 

and dewatering of the works will be critical 
to avoid unnecessary delays during the 
jacking and concrete operations.

The contractor has successfully 
completed three of six jacked crossings 
at Jakes Gerwel Drive, with earthworks 
production currently at a minimum of 
1 000 m3/day. Work on site began at the 
beginning of April 2015, and is sched-
uled to be completed by April 2016. 

Figure 9: Pipe jacking in progress 
under Jakes Gerwel Drive
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The 2015 Fulton Awards
The winners of the prestigious Fulton Awards, which are made 

every two years by the Concrete Society of Southern Africa 
(CSSA) to recognise innovation and design excellence in the 

use of concrete, were announced recently at a gala dinner at 
the Champagne Sports Resort in the Drakensberg. This article 

summarises the winners per category, and we hope our readers will 
enjoy recognising the particular projects they’ve been involved in. 

INNOVATION IN CONCRETE 
CATEGORY
Winner:  
Gouda Wind Farm Precast Concrete Towers
The Gouda Wind Farm is South Africa’s 
first wind farm project in which eco-
nomic investigations dictated that con-
crete, rather than steel, should be the 
primary construction material for the 
100 m high tower support structures. 
Concrete would ensure better structural 
stability at this height to support the 
turbine and massive blades moving at 
high speeds and weighing 170 tons.  

Commendations:
 Q Precast Coal Bunkers and Overland 
Conveyor at the Sasol Shondoni 
Colliery (see cover article on page 5)
 Q Fairscape Precinct Office Tower

Special commendation: 
 QOnline sharing platform – the Cement 
and Concrete Cube

ARCHITECTURAL  
CONCRETE CATEGORY  
(MORE THAN R100 MILLION) 
Winner: Chevron Project Core
In this project the concrete structure 
forms the actual building façade to 
create a sustainable building. A white 
concrete was used on the exposed con-
crete structure to achieve a travertine 
marble effect. Used on this very large 
scale, a number of challenges had to be 
overcome, such as reducing contamina-
tion of the raw materials, and the use 
of special shutters and release oil. 
Particular attention was paid to the de-
sign of the exposed concrete elements to 
provide passive cooling and sun-shading 
to the northeast and northwest façades. 
Joints were concealed in deep shadow 
lines and oversized ferrule holes were 
made a feature. The slab edges were 
tapered to create an illusion of crispness 
and precision.

Gouda Wind Farm Precast Concrete Towers
Winner: Innovation in Concrete Category 
Commendation: Civil Engineering Structure 
Category (more than R100 million) 

Chevron Project Core
Winner: Architectural Concrete Category (more than R100 million)  
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BUILDING STRUCTURE CATEGORY  
(MORE THAN R100 MILLION) 
Winner: Fairscape Precinct Office Tower
The iconic office tower in the Fairscape 
Precinct is the first building in Africa 
with diagrid façades. The use of precast 
concrete diagrids as a structural element 
was also a world first. The structural dia-
grid, comprising precast triangular con-
crete elements, is connected to the floor 
slabs, allowing the omission of all internal 
columns. The profile of the diagrid offers 
solar shading on all wings and ensures 
good runoff without obstructing views. 
Besides the fact that this building has 
effectively used a hybrid method of con-
struction, combining precast and in-situ 
concrete, it has a unique aesthetic appeal. 
The precast units were constructed in 
‘drop-out’ moulds, ensuring no bleed 
lines or fins on the elements. The method 
of construction also significantly reduced 
the amount of staging and scaffolding, 
and thereby the amount of work at height. 

CIVIL ENGINEERING STRUCTURE 
CATEGORY (LESS THAN 
R100 MILLION)
Winner: Metolong Dam Pedestrian Bridge 
The Metolong Dam Pedestrian Bridge 
is the first multi-span, pre-stressed 
concrete ribbon bridge in Africa and, 
at a span of 230 m, the longest of its 
type in the world. The design was cost-
effective, low-maintenance and lent 
itself to the use of local semi-skilled 
and unskilled workers. As conventional 
software is unable to analyse catenary 
structures, the design had to be based 
on first principles. This was checked 
using finite element analysis. Even with 
its very low natural frequency, the speed 

and magnitude of the oscillations re-
main within acceptable limits, allowing 
people to feel safe when crossing. The 
Metolong Dam Pedestrian Bridge is an 
aesthetically pleasing, highly functional 
and environmentally friendly structure, 

as it does not have towers or large abut-
ments imposing on the rural landscape. 

Commendation: 
Stafford’s Post Interchange on the N2, 
Section 21

Fairscape Precinct Office Tower
Winner: Building Structure Category (more than R100 million)  

Commendation: Innovation in Concrete Category

Metolong Dam Pedestrian Bridge
Winner: Civil Engineering Structure Category (less than R100 million)
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CIVIL ENGINEERING STRUCTURE 
CATEGORY (MORE THAN 
R100 MILLION)
Winner: Umgeni Road Interchange
This project involved two incrementally 
launched bridges, three precast beam-
and-slab bridges, two cast in-situ pre-

stressed box girder bridges, a voided deck 
slab bridge and a conventional reinforced 
concrete deck, as well as mechanically 
stabilised retaining walls and a rock-
anchored sprayed concrete wall. The 
two incrementally launched bridges – 
constructed simultaneously and crossing 

each other – were a first for South Africa, 
as was the fact that the casting yard for 
the one bridge was a 20 m high elevated 
platform. Uniquely shaped pier heads 
and the excellent quality of the concrete 
finish enhanced the appearance of the 
structures. Both design and construc-
tion had to overcome the substantial 
constraints of being surrounded by 
residential and commercial properties, 
the Umgeni River, the existing high vol-
umes of traffic through the interchange, 
multiple services and a Transnet gas 
pipeline. 

Commendations:
 QGouda Wind Farm Precast Concrete 
Towers
 Q Precast Coal Bunkers and Overland 
Conveyor at the Sasol Shondoni 
Colliery (see cover article on page 5)

 INFO

John Sheath 

CEO: CSSA 

+27 12 348 5305 

ceo@concretesociety�co�za 

Umgeni Road Interchange 
Winner: Civil Engineering Structure Category (more than R100 million)
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E C O N O M I C  P R I C I N G  O F  S E R V I C E S

This article is the sixth in a series on the economic 
pricing of services and the beneficial effect this 
could have on the economy and the everyday lives 
of people. The first five articles appeared in the 
October and November 2014, and the March, April 
and June 2015 editions of Civil Engineering. 

Richard Holden Pr Eng
Business Analyst TCTA

richarddholden@gmail.com 

This series of articles is presented in the author's personal  
capacity and does not reflect the views of his employer.

INTEGRATED TRANSPORT?
In the article “E-tolls: An alternative view to achieving an in-
tegrated transport system” (Civil Engineering November 2014 
pp 59–61), it was argued that, contrary to Section 9 of the 
Constitution (that everyone must be treated equally), South 
Africa has designed a transport system that gives undue advan-
tage and subsidies to single-occupancy cars and results in the 
highly inefficient use of transport infrastructure.  

Now with the introduction of the proposed new dispensation 
on e-toll tariffs, it seems a good time to reflect on whether there has 
been any progress in implementing an integrated transport strategy 
as part of a developmental nation as advocated in the Gauteng 
25-Year Integrated Transport Master Plan, or whether South Africa 
is still pursuing isolated projects with little regard for the impact 
they have on other transport projects and the lives of the poor.

In a developmental state, a government tries to balance eco-
nomic growth and social development. It uses state resources and 
influence to attack poverty and expand economic opportunities. In 
the South African context the impacts of separate development, as 
institutionalised under apartheid, are still with us and have even 
been exacerbated with new low-cost housing developments situ-
ated far from socio-economic opportunities, taking no account of 
the impact of the full cost of living in such remote locations (see 
Civil Engineering June 2015 pp 72–74, “How low can you go?”).

This article reviews the new dispensation on e-tolls for the 
Gauteng freeways, and whether there is any hint in a change of 
thinking, or if it is just more of the same.

On e-tolls it is worth recalling the findings of the Advisory 
Panel to the Gauteng Provincial Government. Among other 
things, the panel found that: 

 QThe implementation of the Gauteng Freeway Improvement 
Project and e-tolls has benefited the economy and the people of 
Gauteng through a better quality road system, reduced travel 
time, improved fuel efficiency, reduced vehicle operating costs 
and improved logistics efficiencies.
 QThere is general acceptance of the user-pay principle.
 Q It was, however, found that in its current form, the e-toll 
system placed a disproportionate burden on low- and middle-
income households.

An integrated transport strategy
What progress has been made?
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The panel made the following key recommendations:
 Q Elements of the current e-toll system should be reviewed to 
address the questions of affordability, equity, fairness, adminis-
trative simplicity and sustainability.
 QA hybrid funding model should be found that includes signifi-
cantly reduced tariffs, monthly caps and financial contribu-
tions by the Gauteng Provincial Government and the national 
government. 

In implementing the recommendations the key steps were to re-
duce the rate per kilometre to the e-tag discounted rate and more 
significantly, a reduced monthly cap.

On affordability, Table 1 gives the AA rate for different cars 
travelling 80 km per day between Centurion and Sandton, and 
the new and old capped e-toll tariff as a percentage of the cost.

It can be clearly seen that the tariff as a proportion of the op-
erating cost of the vehicle is fairly insignificant and, as was ar-
gued in the November 2014 article, capping negates the user-pay 
principle, as those who travel the freeways the most will not pay 
for the service they use. So even if there is general acceptance of 
the user-pay principle, which has not been clearly demonstrated, 
SANRAL itself is not applying the principle. 

The reduction in cap also puts paid to all the claims SANRAL 
has made that e-tolls are a congestion charge (Nazir Alli, The 
Star, 14 March 2012). Although the Advisory Panel recommends 
a hybrid funding model for the freeways, it neglects to mention 
the impact on the transport system as a whole as people return to 
their cars. This impact was seen when Premier David Makhura 
announced the e-toll review panel, and commuters wrongly 
anticipated a scrapping of the e-tolls and switched back from 

the Gautrain to their cars (the 
default mode of transport for 
many). A significant drop in 
ridership on the Gautrain was 
experienced, which will lead to 
an increase in subsidy. This was 
not taken into account when 
reducing the tariffs, and in fact 
reinforces the contention that 
South Africa is still pursuing 
isolated projects rather than 
developing an integrated trans-
port system as envisaged in the 
Gauteng Integrated Transport 
Master Plan.  

The drop in ridership figures also demonstrates that there is 
something else at work other than pure economics. If a consumer is 
utilising a 35-day Gautrain pass and parking at Centurion Station, 
the equivalent Gautrain cost for a 21-day month is R2 244 (compared 
to R4 200 per month for the cheapest car). Given the continued 
congestion on the N1/M1, the impact caused by any traffic accident 
and the difficulty of getting from the M1 into Sandton, even without 
taking into account the cost of time, taking the Gautrain should be a 
no-brainer for anyone travelling from Tshwane to Sandton, Rosebank 
or the Johannesburg CBD. However, it is not. The science of under-
standing this is called behavioural economics, where the central issue 
is explaining why market participants make irrational systematic er-
rors contrary to the assumption of what would be considered rational 
market participants. 

Table 1:  The AA rate for different cars travelling 80 km per day,  
and the new and old capped e-toll tariff as a percentage of the cost

Car AA rate/km Cost per month  
(21 days) R225 cap as % of cost R450 cap as % of cost

Ford Ranger R5.47 R9 189.60 2.4% 4.9%

BMW 3 Series R4.89 R8 215.20 2.7% 5.5%

Opel Corsa R3.27 R5 493.60 4.1% 8.2%

VW Polo R2.50 R4 200.00 5.4% 10.7%

Gauteng Transport MEC, 
Ismail Vadi, told the trans-
port sector at a business 
breakfast on 23 June 2015 
that the Gauteng Provincial 
Government would spend 
R1.5 billion, or 22.7%, of a 
total budget of R6.6 billion on 
the Gautrain. With 22.7% of 
the budget being spent for 
1% of the trips in Gauteng, 
and the freeways to take 
another chunk, what will be 
left for everyone else?

Public transport should be 
complementary not competing
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Civillain by Jonah Ptak
For more engineering humour, please visit “Unreal Bridges” 

on Facebook and “@TheUnrealBridge” on Twitter.

Behavioural economics is 
something that seems to have 
far more impact on households 
in the high income brackets 
where there is significant dis-
cretionary spending and the 
ability to make the choice of 
whether to travel in a car alone 
or share to reduce costs.

Also, the hybrid funding 
model has serious faults in that 
it is a blanket subsidy, which 

all economic literature shows is always captured by the rich, as 
they use more of the service – fuel, water, electricity, road space 
with a single-occupancy car compared to a minibus taxi or bus, 
etc. This is hardly the developmental state that the government 
seeks to achieve.

If the user-pay principle was to be applied, and the govern-
ment sought to relieve the burden on low- and middle-income 
households, it would result in: 
1.  Lower or no tariffs for the particular sections of freeway 

that predominately serve low-income households, instead 
of a standard tariff across the freeway network. This would 
recognise where people were forced to settle due to apartheid 
and the current housing policy for low-income households. 
The subsidy would not just apply to the Gauteng network, but 
to the N1 to Hammanskraal and the on- and off-ramps at the 
Ennerdale toll plaza.

2.  No caps.
3.  A congestion charge which recognises that road space at 

different times of the day has different values.

A CHANGE IN THINKING?
It would also need to be recognised that open road tolling does 
not work in the South African context (it doesn’t work in Italy 
either), and the choice is either to reconfigure the system with 
boomed gates or abandon it completely.   

It is worth noting that not a single criminal prosecution has 
been brought for non-payment of e-tolls, or a civil case (the cases 
which have been brought were for falsification of number plates). 
The backlog is now huge and the courts simply could not cope 
with all of these cases. It can be seen that the proposal to link 
the renewal of car licences to the payment of outstanding e-tolls, 
is an admission that no thought was given (in the design of the 
project) to the possibility of motorists not complying in significant 
numbers, as the means of enforcement is now being changed. The 
question needs to be asked: What if there is still no compliance, 
what then? 

From the above the author can only conclude that there 
has been no change in thinking, and contrary to sound 
economic practice and the desire of the South African gov-
ernment for a developmental state, it continues to plan and 
implement projects in isolation which primarily cater for the 
single-occupancy car.  

Given the ability of disaffected parties to utilise the courts 
to challenge government decisions (and the civil engineering 
profession should not be blind as to on whose recommendations 
government is acting), it can only be a matter of time before the 
profession is seriously challenged regarding its current vision 
that disadvantages the majority of the population. 

Behavioural economics 
and the related field, be-
havioural finance, study 
the effects of psychological, 
social, cognitive, and 
emotional factors on the 
economic decisions of 
individuals and institutions, 
and the consequences for 
market prices, returns and 
the resource allocation. 
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INTRODUCTION
Engineers are not only concerned with 
developing projects that are sustainable, 
but also with a wide variety of environ-
mental management responsibilities 
impacting society and the environment. 
Long-term societal and economic health 
depends on a healthy environment. 

The WFEO Model Code of Practice 
for Sustainable Development and 
Environmental Stewardship defines and ex-
plains ten principles that guide engineering 
practice in the wider context of sustainable 
development (SD) and environmental stew-
ardship (ES). It will support engineers in 
their professional practice, in dealings with 
other professionals and will guide profes-
sional engineering organisations. 

SD AND ES EXPLAINED
Many professional groups, including 
engineering organisations, have devel-
oped specific, though often discipline-
centred, SD definitions. Often such 
definitions fail to distinguish between 
discretionary wants and essential needs.

The 1987 Brundtland Commission 
provided perhaps the broadest and most 
widely accepted SD definition in stating: 
“Sustainable development is develop-
ment that meets the social, economic, 
and environmental needs of the present 
without compromising the ability of 
future generations to meet their needs.”

The Commission focused on the es-
sential needs of the world's poor, which 
deserve overriding priority. It also 

S A I C E  A N D  P R O F E S S I O N A L  N E W S

WFEO Model Code of Practice for Sustainable 
Development and Environmental Stewardship

This article first appeared in 
the September 2013 newsletter 

of the World Federation of 
Engineering Organisations 

(WFEO) Committee on 
Engineering and the Environment 

(www.wfeo.net/environment) 
and is being republished 

here with permission. 

WFEO MODEL CODE OF PRACTICE FOR SUSTAINABLE DEVELOPMENT AND 
ENVIRONMENTAL STEWARDSHIP – “THINK GLOBAL AND ACT LOCAL”

The Model Code consists of ten principles 
that speak to individual engineers:
1.  Maintain and continuously improve 

awareness and understanding of 
environmental stewardship, sus-
tainability principles and issues 
related to your field of practice.

2.  Use expertise of others in the areas 
where your own knowledge is 
not adequate to address environ-
mental and sustainability issues.

3.  Incorporate global, regional and 
local societal values applicable to 
your work, including local and com-
munity concerns, quality of life and 
other social concerns related to 
environmental impact along with 
traditional and cultural values.

4.  Implement sustainability outcomes at 
the earliest possible stage, employing 

applicable standards and criteria related 
to sustainability and the environment.

5.  Assess the costs and benefits of 
environmental protection, eco-system 
components, and sustainability in 
evaluating the economic viability of 
the work, with proper consideration of 
climate change and extreme events.

6.  Integrate environmental stewardship and 
sustainability planning into the life-cycle 
planning and management of activities 
that impact the environment, and imple-
ment efficient, sustainable solutions.

7.  Seek innovations that achieve a bal-
ance between environmental, social 
and economic factors while contrib-
uting to healthy surroundings in both 
the built and natural environment.

8.  Develop locally appropriate engage-
ment processes for stakeholders, 

both external and internal, to solicit 
their input in an open and transparent 
manner, and respond to all concerns 
– economic, social and environmental 
in a timely fashion in ways that are 
consistent with the scope of your 
assignment. Disclose information 
necessary to protect public safety 
to the appropriate authorities.

9.  Ensure that projects comply with 
regulatory and legal requirements 
and endeavour to exceed or better 
them by the application of best 
available, economically viable 
technologies and procedures.

10.  Where there are threats of serious 
or irreversible damage, but a lack of 
scientific certainty, implement risk 
mitigation measures in time to mini-
mise environmental degradation.
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Trueman Goba receives due recognition 
ON 7 MAY THIS YEAR Trueman 
Goba, SAICE’s 2002 president and cur-
rently chairman of Hatch Goba, received 
the McMaster University Faculty of 
Engineering Leadership Award at its an-
nual Applause and Accolades Awards 
Gala in Hamilton, Ontario, in Canada. 

The Leadership Award was established 
in 2004 to recognise an outstanding cit-
izen who has contributed to engineering, 
McMaster University and the community 
of Ontario. The university’s Engineering 
Faculty is rated among the best in the 
world, and Trueman has been instru-
mental in forging a successful relationship 
between McMaster Engineering and the 
University of KwaZulu-Natal.

 “Today we all should be maximising 
opportunities now available to young 
people,” was Goba’s typically humble 
response to the Leadership Award. 
Commenting on his decision to become 
an engineer, he elaborated: “With some of 
us, as we grew up, there was an element 
of defiance against the status quo, a belief 
in oneself and a willingness to face the 
struggle against segregation, and the real 
prospect of possibly failing a course which 
we found most challenging.

“Coming out of a poor family in a 
township community, such possible embar-
rassment was a real risk at the time. Those 
circumstances are now long a thing of the 
past, thanks to great leadership and sacri-
fices by people like the late Nelson Mandela. 

“I am most thankful to all colleagues, 
in our company and in the profession gen-
erally, for such recognition and exposure.”

This latest recognition follows the 
presentation of the Lifetime Achievement 
Award for Excellence in Engineering at 
the inaugural South African Professional 
Services Awards (SAPSA) ceremony held in 
Johannesburg on 30 October 2014. At this 
event Trueman was deemed overall winner, 
in a category with numerous high-profile 
nominees, by a distinguished panel of judges 
who reviewed media reports, technical 
awards, client surveys and organisation pro-
files before reaching their final decision.

Trueman, who grew up in townships 
around Durban, KwaZulu-Natal, began 

his career as a survey technician, but went 
on to graduate with a BSc Eng and an 
MEng (Civil). In 2001 his company GMA 
merged with Keeve Steyn to form Goba 
(Pty) Ltd, which in turn merged with the 
Hatch Group in 2013. 

Apart from serving as president 
of SAICE in 2002, Trueman was also 
president of the Engineering Council 
of South Africa (ECSA) from 2007 to 
2009. In 2010 he was appointed to the 
first National Planning Commission, and 
in 2013 was awarded the SAICE Gold 
Medal. And through all of this he has re-
mained the humble, approachable person 
he has always been. Congratulations 
Trueman! 

considered “limitations” that the state 
of technology and social organisation 
impose on the environment's ability to 
meet present and future needs. 

Stewardship means taking care 
of something not belonging to you. 
Environmental stewardship is more dif-
ficult to define. Often stewardship has 
been addressed narrowly as protecting 
an endangered species or preserving a 
threatened eco-system.

The Model Code states: 
“Environmental stewardship is the 
prudent use of the finite resources in 
nature to produce the greatest benefit 
while maintaining a healthy environ-
ment for the foreseeable future.” The 
engineering profession plays a signifi-

cant role in economic development, and 
in protecting the environment. It is 
ideally situated to play a significant role 
in SD and ES. For engineers to be rel-
evant to current and future generations 
and provide guidance and leadership 
to society, a more proactive approach 
to sustainability, as outlined in the box 
alongside, is required. 

THE INTERPRETIVE GUIDE
The Interpretive Guide serves as an 
accompanying document to the WFEO 
Model Code of Practice for Sustainable 
Development and Environmental 
Stewardship. It provides further ampli-
fication and explanation to engineers 
and national engineering organisations 

on interpretation and implementation of 
the ten principles.

NEXT STEPS
WFEO has published the Model Code 
and Interpretive Guide on its website 
(www.wfeo.net), and in 2014 and 2015, in 
partnership with other standing commit-
tees, and national and international mem-
bers, the WFEO Committee on Engineering 
and the Environment has undertaken 
efforts to increase awareness and facilitate 
engagement of the principles by engineers.

David Lapp FEC, P Eng 

WFEO Secretary 

Committee on Engineering and the Environment 

david�lapp@engineerscanada�ca

Trueman Goba (middle) receiving the McMaster University Faculty of Engineering Leadership Award from 
Ishwar Puri (left), Dean of Engineering at McMaster, and Kurt Strobele, Board Chairman
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Revitalisation of the 
SAICE Drakensberg Branch
ON 16 APRIL this year the recently 
revived Drakensberg Branch hosted 
the 2015 SAICE Presidential delega-
tion in Harrismith. The Branch was 
originally established in the early 
1990s by a few young SAICE members 
when infrastructure development in 
the Eastern Free State and Northern 
KwaZulu-Natal prompted many 
consulting companies to establish 
themselves in the area. However, the 
Branch has been dormant for some 
years, a situation which was changed 
recently when local SAICE members 
revived the Branch, a move greatly 
supported by SAICE National Office.

The visiting SAICE delegation 
comprised the 2015 President Malcolm 
Pautz, the CEO Manglin Pillay, Past-
President Peter Kleynhans and Simone 
Rambarun from SAICE’s Public 
Relations Department.

During the various meetings and so-
cial interactions with Branch representa-
tives (including founding member Dries 
Lategan) and the CEOs of local consulting 
engineering firms in Harrismith, discus-
sion topics included the extent of civil 
engineering in the Drakensberg area in 
general, as well as the current skills levels 
of young engineering practitioners in the 
Harrismith/Qwaqwa area. 

An informative site visit to the 
Sterkfontein-Qwaqwa Bulk Water Supply 
Scheme, including the raw water supply 
system and the water treatment works, was 
a further highlight. The SAICE delegation 
was visibly impressed not only by the ex-
tent of the project, but particularly also by 
the quality of engineering work produced.

The informal evening function was 
also attended by the younger generation 
of SAICE members who form part of the 
Drakensberg Branch. The relaxed atmos-
phere and the open and friendly person-
alities of the President and the CEO put 
the youngsters at ease, resulting in direct 
conversation with the more senior repre-
sentatives of the industry.

The second Branch meeting of 2015 
for the Drakensberg Branch was held on 
Friday 17 April, where proposed Branch 
commitments were actioned, with 
primary focus on the development of 
the Branch and the young engineering 
practitioners in the area.

The Presidential visit added much 
required momentum to the revival ef-
forts of the Branch committee, and the 
SAICE National Office is thanked sin-
cerely for its assistance.

Wade Ambler Pr Tech Eng 

Chairman: SAICE Drakensberg Branch 

wade@miletus�co�za

The SAICE Presidential delegation visited the Sterkfontein-Qwaqwa Bulk Water Supply Scheme, 
where they were impressed by the quality of the engineering work done on this project 
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Letters
TENSAR TW1 SYSTEM USED ON MAJOR ROADS 
CONTRACT IN BALLITO 
(Civil Engineering April 2015 pp 34–36)

There are differences between MSE (mechanically stabilised earth) 
with discrete panel cladding and modular block wall systems, and 
care should be taken when specifying these products under the 
same MSE specification.

The article mentioned above in the April 2015 edition of Civil 

Engineering serves to illustrate some of these differences. 
I quote from the article (p 34): “MSE walls, in broad terms, 

consist of fill material with horizontal layers of reinforcing elements 
which may take the form of sheets, grids, strips or meshes. The 
reinforcing elements, which are either metallic or polymeric, are 
capable of sustaining tensile loads and the effects of deformation 
or soil strains developed in the fill, part of which is transferred to 
the clad face through some sort of positive connection.”

The original concept of MSE is that of a composite material con-
sisting of frictional fill, flexible reinforcements and a flexible cladding. 

Segmental concrete panel cladding
Each panel is positively attached to the reinforcements. The 
panels are separated one from the other with joints and pads 

which absorb vertical settlement and allow the panels to ‘hang 
off’ the soil reinforcement. The first row of cladding elements is 
placed on a weak-mix concrete-levelling course which does not 
inhibit differential settlement. The pressure on the foundation 
beneath the cladding elements is consequently less than that 
beneath the earth fill behind the cladding. Should there be any 
internal or foundation settlement of the MSE then the panels, 
which are positively attached to the reinforcements, will settle 
with the fill and maintain their integrity as shown in Figure 2.

When properly constructed, MSE structures with segmental 
concrete panels have no risk of bulging or deformation due 
to water. There is no need for a drainage layer at the back of 
the facing. They also accept seismic deformations and remain 
stable in their new configurations after severe earthquakes.

Segmental panel cladding systems are designed to accom-
modate considerable differential settlements.

Panel walls

Soil settlement

Pad absorbs 
vertical
settllement

“As designed” tension at connection

Figure 2: Soil settlement in MSE structures

Facing 
panels

Levelling course 
Reinforcements

General 
backfill

MSE block 
(select backfill)

Figure 1: MSE with segmental concrete panel cladding
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Modular concrete block wall systems 
The blocks are generally founded on a concrete foundation and 
laid one on top of the other with reinforcing meshes or sheets 
sandwiched between every second or third layer of blocks. This 
produces a cladding which has virtually no vertical compress-
ibility, whereas the backfill placed in layers at the back of the 
blocks is by nature compressible. This can lead to uncontrolled 
tension at the connections between blocks and soil reinforce-
ments, as shown in Figure 4. 

The ability for block wall systems to accommodate longitudinal 
differential settlements is also limited. Since they are not positively 
attached to the reinforcements, lower blocks settling relative to 
upper blocks could become detached from the structure.

Extracts from the article and comments thereon
 Q “A benefit of the system was that lower quality fill, which was 

more readily available and less expensive, could be utilised 
as the grids provide greater coverage and soil adherence 
than other systems on the market ... ” (p 35)

SANS 207-2006: The design and construction of 

reinforced soils and fills provides a backfill specification 
independent of the type of reinforcement used. It is seldom 
that friction will control the cost of an MSE system. An MSE 
structure is as good as its selected fill. A frictional fill is 

required. No amount of reinforcement will enable the con-
struction of a fill reinforced with cohesive backfill. No known 
MSE structure reinforced with strips has failed due to lack of 
friction between the fill and the strips.

 Q The statement that a “… lower quality fill … could be utilised 
…” (p 35) may be true for this project, but European Norm 
EN14475-2006 recommends the use of good quality granular fill 
for segmental block walls to mitigate the consequences of po-
tential differential settlement between facing and reinforcement.

 Q “However, by using the lower quality fill, strip lengths would 
need to be increased, which implied either increased cut or the 
use of a near-vertical back excavation slope requiring the use 
of shotcrete and ground anchors or nails.” (p 36)

If lower quality fill does not satisfy internal stability require-
ments then the density of the reinforcing strips should be 
increased and not their length. 

 Q “… the product is also not prone to degradation or chemical 
attack by natural soils.” (p 35)

An MSE structure is designed for a particular service 
life. All products degrade over time. Overall degradation of 
polymeric reinforcement is due to mechanical damage during 
installation, chemical degradation and creep rupture, the two 
latter phenomena being highly sensitive to temperature.

 Q “The positive connection to the cladding or split-block face is 
an important attribute of the system and allows it to be used 
on near-vertical walls exceeding 7 m.” (p 35)

The limited flexibility and compressibility of modular block 
wall systems make them more sensitive to structure deforma-
tions. Particular care should be taken when settlements may 

Block walls

Limited
settlement for
the facing Soil settlement

Unpredictable increase of tension at connection

Figure 3: Modular concrete block wall system

Figure 4: Soil settlement in a modular concrete block wall system
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occur – for high walls, when under-scour is of concern, for 
seismic loadings, for crash barrier loadings, and for dynamic 
hydraulic loads such as wave action. 

In conclusion
Particular circumstances will dictate optimum solutions for dif-
ferent situations, and designers should not only consider the ben-
efits, but also understand the limitations of various MSE systems.

Andrew Smith Pr Eng 

Director: Reinforced Earth (Pty) Ltd 

AndrewS@recosa�co�za

SOCIAL INNOVATION AND MEGA CITIES:  
WHAT ARE THE OPPORTUNITIES FOR BUSINESS? 
(Civil Engineering January/February 2015 pp 46–47)

Upon reading the above-mentioned article, I was again re-
minded of the immense importance of better competency in the 
building water services. 

Mega cities will require mega infrastructure, including mega 
water and sanitation systems, which is my field of interest.  

I have had the opportunity to design water and sanitation 
systems for a number of townships in the past, and I was in-
volved in many such projects on the financing side when I was 
working for the Development Bank of Southern Africa before 
I retired. I was also involved for a long period in the design of 
building water services, which is what I want to write about in 
light of future mega cities. 

The mega infrastructure in mega cities will see water going 
to every building for use by people and industry, and for irriga-
tion. 

Smart cities will therefore require smart buildings with smart 
water services. Smart, in my view, means efficient use of energy 
and water systems for human consumption, for sanitation, and 
for irrigation. This is required to create a habitable environment, 
as mentioned by the authors of the article.

We all need water to survive, and as we use it in buildings, 
building water engineering skills and the competence to design 
such facilities for smart buildings in smart cities is of critical 
importance. Unfortunately building water engineering has been 
overlooked and neglected for many years, and has mostly been 
left to people who are not competent in this field and who are 
not even engineering practitioners. 

The technology to design building water services has not 
been promoted in South African universities or universities of 
technology as is often the case in European countries where 
people are specifically trained and educated at tertiary level 
in these technologies, resulting in appropriately designed and 
constructed building water services. 

Our capacity for design in this area has deteriorated to a 
point where people with no qualifications or competency are 
undertaking building water engineering work which should be 
done by a professionally registered engineering practitioner. 

In some overseas countries this work is identified and re-
served as work for qualified engineering practitioners, but in 
South Africa the situation has deteriorated to the point where 
the building control officer has been given the authority to 
declare a person with no formal education or certification as 
competent to carry out the work. 

Fortunately there are a number of competent professionally 
registered water engineering practitioners who are rendering 
high-quality engineering service in this regard. The building 
water services element, however, needs to be expanded and 
developed to highlight the kind of design competence that will 
be needed for these future smart cities. We need to optimise 
the use of energy and scarce resources, such as water, in an-
ticipation of the expected growth in the number of water users. 

To assist in addressing this need, the civil and mechanical 
engineering practitioners who work in the building water ser-
vices field have recently been incorporated into the SAICE 
Water Engineering Division. We are promoting their expertise, 
and building a competent group of engineering practitioners for 
future smart buildings in smart cities.  

The Division is also actively promoting the competency 
needed in building water services through CPD courses that are 
presented country-wide. However, as the associated costs are 
prohibitive, sponsors are being sought to fund the training. 

Competency in this area complements the design of bulk 
water infrastructure and the design of the external water ser-
vices of buildings, especially for township developments, and 
translates into a smarter, more rational, cost-effective design for 
the whole project. 

I believe smart design of building water services for smart 
buildings in future smart cities is green design at the smartest 
level.

Vollie Brink Pr Eng 

volliebrink@gmail�com
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SAICE Training Calendar 2015
Course Name Course Dates Location

CPD Accreditation 

Number

Course 

Presenter
Contact

GCC 2010

25–26 August 2015 Port Elizabeth

SACPCMP/CPD/14/031

CESA-672-02/2018
Neville Gurry cheryl-lee@saice.org.za

22–23 September 2015 Bloemfontein

29–30 September 2015 Midrand

7–8 October 2015 Mafikeng

14–15 October 2015 Durban

Technical Report Writing

3–4 August 2015 Durban

SAICEbus15/01751/18 Les Wiggill cheryl-lee@saice.org.za

24–25 August 2015 Cape Town

3–4 September 2015 Port Elizabeth

5–6 October 2015 East London

22–23 October 2015 Midrand

Practical Geometric Design 7–11 December 2015 Midrand SAICEtr13/01418/16 Tom McKune dawn@saice.org.za

Reinforced Concrete 

Design to SANS  

10100-1:2000

12 August 2015 Kimberley

SAICEstr15/01727/18 Greg Parrott cheryl-lee@saice.org.za16 September 2015 Port Elizabeth

27 October 2015 Midrand

Structural Steel Design 

Code to SANS  

10162:1-2005

11 August 2015 Kimberley

SAICEstr15/01726/18 Greg Parrott cheryl-lee@saice.org.za15 September 2015 Port Elizabeth

26 October 2015 Midrand

Business Finances for Built 

Environment Professionals
12–13 November 2015 Midrand SAICEfin15/01617/18

Wolf 

Weidemann
dawn@saice.org.za

Handling Projects in a 

Consulting Engineer’s 

Practice

9–10 November 2015 Midrand SAICEproj15/01618/18
Wolf 

Weidemann
dawn@saice.org.za

Leadership and 

Management Principles and 

Practice in Engineering

9–10 September 2015 Durban

Pending David Ramsay dawn@saice.org.za

30 Sept–1 Oct 2015 Cape Town

14–15 October 2015 Bloemfontein

28–29 October 2015 Port Elizabeth

4–5 November 2015 Midrand

Water Law of South Africa

12–13 August 2015 Durban

SAICEwat13/01308/16
Hubert 

Thompson
dawn@saice.org.za9–10 September 2015 Bloemfontein

15–16 October 2015 Midrand

The Legal Process dealing 

with Construction Disputes

4–5 August 2015 Midrand

SAICEcon13/01368/16

SACPCMP/CPD/15/010

Hubert 

Thompson
dawn@saice.org.za

25–26 August 2015 Upington

16–17 September 2015 Durban

21–22 October 2015 Port Elizabeth

27–28 October 2015 East London

4–5 November 2015 Bloemfontein

10–11 November 2015 Cape Town

25–26 November 2015 Midrand

SAICE / Induna Training Services
CIDB Contracts: 
Similarities and Differences

26–27 August 2015 Midrand Pending Lydia Carroll dawn@saice.org.za

Introduction to Contract 
Law

11 September 2015 Midrand Pending Peter Glass dawn@saice.org.za

FIDIC Contracts – a 
Practical Approach

29–30 October 2015 Midrand CESA-520-04/2017 Kevin Spence dawn@saice.org.za

Management of Claims 
under FIDIC

25–26 November 2015 Midrand CESA-707-04/2018 Kevin Spence dawn@saice.org.za
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Course Name Course Dates Location
CPD Accreditation 

Number

Course 

Presenter
Contact

The Role of the Engineer  
– Duties and Authorities

4 September 2015 Midrand CESA-669-02/2018 Peter Glass dawn@saice.org.za

Introduction to NEC 10 September 2015 Midrand ASAQS CPD 2015/006 Lydia Carroll dawn@saice.org.za

Dispute Resolution / 
Avoidance, including 
Mediation, Adjudication 
and Arbitration

27 November 2015 Midrand CESA-595-10/2017 Kevin Spence dawn@saice.org.za

SAICE / Bruce Raath & Associates
Concrete for Contractors / 
Consultants

31 August–1 Sept 2015 Midrand CESA-647-12/2017
SAICEcon15/01755/18

Bruce Raath cheryl-lee@saice.org.za
26–27 October 2015 Durban

Concrete Floors and 
Pavements

2–3 September 2015 Midrand
CESA-651-12/2017
SAICEcon15/01756/18

Bruce Raath cheryl-lee@saice.org.za

Durability and Repairs of 
Concrete Structures

20–21 October 2015 Midrand CESA-652-12/2017
SAICEcon15/01757/18

Bruce Raath cheryl-lee@saice.org.za
28–29 October 2015 Durban

Candidate Academy
Road to Registration for 
Candidates

2 September 2015 Johannesburg CESA-357-04/2016
Allyson 
Lawless

margie@ally.co.za 

Road to Registration for 
Mature Candidates

5 October 2015 Cape Town
CESA-484-01/2017 Peter Coetzee margie@ally.co.za

7 December 2015 Durban

Road to Registration for 
Mature Candidates

8 October 2015 Johannesburg
CESA-484-01/2017 Rob du Preez margie@ally.co.za

3 December 2015 Johannesburg

Basic Contract 
Administration and Quality 
Control

14–16 October 2015 Durban CESA-359-04/2016 Theuns Eloff margie@ally.co.za 

Getting Acquainted with 
Road Construction and 
Maintenance

19–21 August 2015 Durban CESA-379-05/2016 Theuns Eloff margie@ally.co.za 

Getting Acquainted with 
Basic Pressure Pipeline 
Design

5–6 November 2015 Cape Town CESA-376-05/2016
Dup van 
Renen

margie@ally.co.za 

Getting Acquainted with 
GCC 2010

6–7 August 2015 Johannesburg
CESA-377-05/2016 Theuns Eloff margie@ally.co.za

5–6 November 2015 Durban

Getting Aquainted with 
Sewer Design

7–8 November 2015 Durban CESA-378-05/2016 Peter Coetzee margie@ally.co.za 

Getting Aquainted with 
Geosynthetics in Soil 
Reinforcement

7–9 October 2015 Cape Town SAICEgeo14/01627/17
Edoardo 
Zannoni

margie@ally.co.za 

In-house courses are available. 

For SAICE in-house courses, please contact Cheryl-Lee Williams (cheryl-lee@saice.org.za) or  
Dawn Hermanus (dawn@saice.org.za) on 011 805 5947.

For Candidate Academy in-house courses, please contact Margie Rigby (margie@ally.co.za) on 011 476 4100.
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