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F R O M  T H E  C E O ’ S  D E S K

Bottom(s) up
A REPUTABLE CIVIL engineer (Pr Eng, 
MSc Eng, MBL, FSAICE), with some 
20 years of public and private sector work 
experience, attends a tender briefing 
meeting – dignified and portraying the ulti-
mate professional in dress and demeanour. 
The Roads Agency Limpopo (RAL) tender 
briefing starts half an hour late. The two-
hour long discussions are shabby. Our con-
sultant stands for the entire duration of the 
meeting. While RAL scrambled 30 chairs 
into their atrium, 300 people are in at-
tendance. Some have driven three hours to 
be there. Among the 300 are engineering 
professionals and at least one SAICE past 
president, and shady tenderpreneurs. 

The documents, together with the 
register, must be signed by the client. The 
300-strong crowd start to jostle – some 
looking for the register, others don’t have 
tender documents, because too few were 
printed. Chaos ensues, and the scene takes 
on the spectacle of men ordering beer at 
the local shebeen on a Friday evening. After 
a while, the shebeen settles down, and the 
still thirsty consultants leave. Their distinc-
tion and pride stay behind, scattered on the 
atrium floor somewhere. Only one tenderer 
will win. It emerges that the tender docu-
ment is subjective, and therefore open to in-
terpretation, which invites the lowest price 
and inevitably results in variation, scope 
creep and wastage. A conservative estimate 
shows that this entire charade, when over, 
will cost R10 m – valuable time that could 
have been used on actual work, rather than 
hustling and elbowing for work. 

In one morning, a public sector client 
has drained civil engineering of its honour 
and prestige, reducing the profession to 
an amateur and uncultured vocation. The 
public sector in general is making a habit 
of converting us into vagabonds of our own 
pedigreed profession. And we, who fall in 
the top 1% of the country’s brain power, let 
them. We continue to tolerate their lack of 
professionalism and their sloppiness. 

Are we saying that civil engineers and 
engineers in general are special and de-
serve special treatment? While we resist 

the temptation to blow that trumpet, 
government is ironically doing it for us – 
electrical, civil and mechanical engineers 
are the top three scarce skills in the 
country, as identified by the Department 
of Higher Education and Training in 2014, 
and the Department of Labour earlier. 
Engineering and its allied disciplines con-
tinue to dominate the top 100 list. 

It is absurd that government recog-
nises civil engineering as a scarce skill, 
but has policies and people in place that 
sanction flippant wastage of these skills 
on tendering, poor management of profes-
sionals, and porous systems and processes 
in HR, procurement and supply chain 
management. 

Like most engineering challenges, 
the solution is an integrated one, and we 
need the profession (SAICE and the other 
Voluntary Associations, CESA, SAFCEC, 
CIDB, ECSA, SACPCMP) to drive the 
outcomes from the bottom up, because 
government is lethargic. In essence it 
requires that we start governing ourselves 
through policy that we instigate in unison 
– a CIVILUTION. 

CESA needs to arise from its slumber 
and start grading consultants, like the con-
tractors are graded by the CIDB. No con-
sultancy should be awarded a project unless 
it is registered with CESA, and likewise no 
contractor should be awarded work unless 
it is registered with SAFCEC (through the 
CIDB). I use the word ‘registered’ intention-
ally. Both SAFCEC and CESA should keep a 
readily accessible list of registered contrac-
tors and consultants on their websites, for 
the edification of our clients. The rules that 
govern the ratings should be developed 
by the relevant organisations, and should 
encourage equity, equality, job creation and 
entrepreneurship. 

Next, ECSA and the SACPCMP’s 
clarion call for professional registration 
needs to find resonance in the orchestra 
of an industry that comes full circle. As 
the councils require that we register, so 
too must all clients disseminating engi-
neering work require that work be done by 

registered engineering practitioners at ap-
propriate levels. Failing this, tender submis-
sions are to be rejected or disqualified, with 
full explanation. Without Identification of 
Engineering Work then, the Engineering 
Profession Act has as much bite as a puppy 
dog in the Kruger National Park. 

 Furthermore, ECSA and the 
SACPCMP need to continue nurturing 
their official partnerships with the 
Voluntary Associations regarding profes-
sional registration. In terms of SAICE, 
for example, the technical leadership 
and learned society content upon which 
civil engineering practitioners are adju-
dicated for professional registration and 
Continuing Professional Development 
is at the heart of the purpose of SAICE’s 
existence. It should therefore be formally 
recognised and intertwined into ECSA’s 
registration process. The councils should 
thus not make a move without enquiring 
into the peer review and technical disci-
pline outcome of SAICE’s interventions 
before registering any individual. 

If we don’t do this, more malls and 
churches are going to collapse and more 
public funds are going to get wasted on 
Nkandla type exploits. If we don’t do 
this, we are also allowing this honourable 
profession to be tainted by obsequious 
politicians and an ill-informed adminis-
tration. And most importantly, if we don’t 
intervene with a revolutionary interven-
tion, we are approving the murder of the 
many lives we put at risk. And we approve, 
while garbed in our business suits, attired 
in ample qualifications and clothed with 
professional accreditations. 
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A STRATEGIC INVESTMENT in Shishalanga Construction 
by National Asphalt last year saw the addition of hydro cutting 
technology to the company’s road-surfacing solutions. 

Sean Pretorius, managing director of National Asphalt, says 
that this cost-effective and environmentally friendly system for 
the repair and remediation of flushed bituminous pavements of-
fers a number of significant advantages. 

“Hydro cutting restores the friction and texture of a pavement 
by using high-pressure water blasting, and can be used to remove 
flushed seals, including bitumen, asphalt and concrete, without 
reducing the structural life of the surface. This innovative tech-
nology improves the texture of the asphalt, which significantly 
reduces the risk of aquaplaning, limits the road spray generated 
by vehicles by as much as 90% and reduces the road noise factor 
by 50%. All of these attributes improve general road safety while 
extending the life of the road surface, as the stone chip matrix 
remains in place after the bitumen has been removed.”

Pretorius explains further that, when it comes to multiple-
seal layers, seal stability is dramatically improved, with a reduc-
tion in the overall bitumen content ratio per square metre, and a 
substantial improvement of the micro- and macro-texture of the 
wearing course layer. 

The all-weather hydro cutter process can also be used to clean 
open-graded asphalt which has been clogged by debris. By simply 
changing the spray bar nozzles, spindle speed, cutting speed and 
pressure to create a ‘washing’ action, the hydro cutter will revi-
talise the asphalt by removing all detritus. The water pressure can 
be adjusted from 85 bar to 850 bar, and what is particularly signifi-
cant is the fact that no chemicals are used in the process. 

The hydro cutter comprises a truck-mounted high-pressure 
water pump and vacuum recovery system, and offers the flex-
ibility to treat widths from 0.75 m to 3.45 m. The high-velocity 
vacuum system allows the cutting pressure and the texture depth 
to be determined while the machine is in operation. Water energy 
is focused in fine streams at high speed via five rapidly rotating 
blasting heads, with the water streams physically cutting the 
binder from the stone. As this method uses only water, it is envi-
ronmentally friendly. In addition the hydro cutter can capture and 
secure all spillages and waste material for disposal at designated 
waste sites, as the unit has a 5 000 litre water tank and a 10 m3 
wastewater storage capacity, enabling it to recover 95% of all waste.  
Pretorius believes the company’s strong focus on innovation and 
the continued development of new technology will bring further 
benefits to all stakeholders, ensuring an enhanced road-user ex-
perience with maximised safety. 

“By employing any of the technology solutions that National 
Asphalt offers, customers will be able to drive down costs in 
an environmentally friendly and minimally invasive manner,” 
Pretorius concludes.

 INFO

Sean Pretorius 

Managing Director 

National Asphalt (Pty) Ltd 

+27 86 146 6656 

info@nationalasphalt�co�za 

www�nationalasphalt�co�za
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The hydro cutter comprises a truck-mounted high-
pressure water pump and vacuum recovery system

Removing excess binder by hydro cutting and 
re-texturing the pavement surface  
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National Asphalt adds hydro cutting to its 
arsenal of road-surfacing solutions
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T R A N S P O R T A T I O N  E N G I N E E R I N G

INTRODUCTION
Successful project implementation de-
pends on several key factors. However, 
without sufficient funding, no project 
implementation will be possible. When 
transport systems are deficient in terms 
of quality, capacity or reliability, they 
have an economic cost such as reduced or 
missed opportunities.  

Hardly any significant new road 
construction projects have been launched 
in South Africa since 1986, except for 
those that were constructed as part of toll 
projects. South Africa has been spending 
considerably less than half of the interna-
tional benchmark for road construction 
and maintenance over the past decades. 
Between 1980 and 2004, the public sector 
share in gross domestic fixed capital 
formation in the South African economy 
declined dramatically, and as a result the 
maintenance backlog (2014) for national 
and provincial roads is estimated to be 
R197 billion. 

The transport sector and the mobility 
it confers are linked to the level of eco-
nomic output, employment and income 
within any national economy. It impacts 
directly on the development and the wel-

fare of the population. Poor infrastructure 
is an obstacle to economic growth. South 
Africa faces, inter alia, different chal-
lenges with respect to road infrastructure, 
namely:

 N to maintain what it has (the national 
asset)
 N to provide for the non-serviced and 
under-serviced communities, and 
 N to provide infrastructure expansions to 
improve accessibility and mobility.

Road infrastructure helps solve both 
short-term and long-term economic 
problems. In the short term, investment 
in road infrastructure helps provide jobs 
for low-skilled workers. In the long term 
it has a wide range of benefits, e.g. mul-
tiplier effects – it creates direct, indirect 
and induced jobs; reduces congestion and 
carbon emission; and benefits business by 
reducing the cost of transport.

Funding policy for road infrastructure 
cannot be reduced to finding a solution 
to a single project. When considering the 
funding model to be applied, the holistic 
transport funding policy and require-
ments of all road infrastructure in the 
country must be considered. There is no 
one-size-fits-all solution. Different types 

Alex van Niekerk Pr Eng
Planning, Toll and Traffic Manager

SANRAL
niekerka@nra.co.za 
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of infrastructure serving different objec-
tives will have different funding solutions. 
In seeking a funding solution, one should 
consider, amongst other factors, how 
fair the solution is within the wider road 
infrastructure policy considerations for 
South Africa. Although different funding 
models are available, all infrastructure is 
ultimately paid for directly or indirectly 
by citizens of the country, except if donor 
funding is received from abroad.

SOUTH AFRICA’S TRANSPORT/ROAD 
FUNDING POLICY
Transport funding policy is embedded in 
various policy and legislative documents, 
including the following:

 N White Paper on National Transport, 
1996
 N Moving South Africa, 1998
 N The National Land Transport Act of 
2009 (also governing how to procure 
transport infrastructure)
 N National Development Plan, 2012.

The bulk of funding for road transport 
infrastructure is still provided through 
the fiscus. However, the funding poli-
cies mentioned support the principle of 
direct user charges to recover capital and 
operations/maintenance costs directly 
from those who benefit from the use of 
that infrastructure. Furthermore, the 
funding policy does not only focus on 

cost recovery, but also on achieving other 
objectives. These are:

 N Changing travel behaviour – distance/
time 
 N Promoting the use of public transport
 N Environmental – using cleaner/cost 
effective fuels
 N Urban development – reducing urban 
sprawl, promoting densification.

In essence, funding policy determines the 
timing for providing infrastructure. If 
only dependent on the fiscus, and within 
a constrained budget, infrastructure 
maintenance and improvements and the 
associated benefits may be delayed. In this 
regard, other options, which comprise the 
raising of debt from capital markets via 
government borrowing or the issuing of 
bonds or private sector borrowing, can 
be considered. In order to repay debt, an 
income for those who benefit from the 
new or improved infrastructure is gener-
ated by means of the user-pays principle. 
Tolling is a direct application of the 
user-pays principle and is also the most 
equitable. The fuel levy is an indirect user-
pays approach and is less equitable.

As a result of many competing needs, 
especially for social infrastructure and 
services, funds for the maintenance and 
upgrading of roads from the fiscus are in-
sufficient. The different funding methods 
are therefore a way of prioritising and 

expediting the delivery of road infrastruc-
ture, and the user-pays approach to infra-
structure provision is a way of spreading 
the cost of provision more fairly.  

CURRENT ROAD FUNDING 
REQUIREMENTS (MAINTENANCE ONLY) 
According to the COTO Document (2014) 
regarding road network condition and 
funding requirements, the budget required 
per year to sustain the overall road network 
amounts to R65.8 billion (with no expan-
sion, strengthening, improvements, etc). 
The budget required per year to address the 
maintenance backlog for the overall road 
network amounts to R14.5 billion. Table 1 
gives some idea of the amounts involved. 

TRADITIONAL FUNDING SOURCES
Having illustrated the need to develop 
and improve economic infrastructure, 
and understanding that road infrastruc-
ture is very expensive – both from a 
capital and maintenance perspective 
– roads authorities need to carefully de-
termine where sustainable funding will be 
sourced. The following are the traditional 
funding options:

Budget allocations from the fiscus  
The bulk of the funding for roads has 
been by means of budget allocations di-
rectly from the fiscus. During the 1960s 

Table 1: Current road funding requirements

Strengthening/regravel backlog: roads in poor to very poor condition (2013)

Authority
Paved Gravel Total

% Length Cost (Rand) % Length Cost (Rand) Length Cost (Rand)

SANRAL 11.36 2 239 19 027 022 000 0.00 0 0 2 239 19 027 022 000

Provinces 9 22.26 15 301 130 027 898 000 65.67 94 131 18 826 140 000 109 432 148 854 038 000

Metros 8 4.16 1 658 8 290 000 000 8.48 1 227 245 315 473 2 885 8 535 315 473

Municipalities 3.62 1 363 4 089 000 000 28.54 86 245 17 249 009 106 87 608 21 338 009 106

Total backlog 20 561 161 433 920 000 181 602 36 320 464 579 202 163 197 754 384 579

Note: The table does not provide for any expansions to road networks and excludes the SANRAL toll portfolio

Table 2: Projected revenues from vehicle licence fees

Vehicle licence fees 2013/14 (Rand) 2014/15 (Rand) 2015/16 (Rand) 2016/17 (Rand) 2014/15 split (%)

Eastern Cape 423 730 459 452 472 694 518 446 6.40

Free State 437 536 462 038 486 988 513 285 6.44

Gauteng 2 592 459 2 743 798 2 952 326 3 108 799 38.24

KwaZulu-Natal 1 391 888 1 420 000 1 510 000 1 570 000 19.79

Limpopo 267 034 307 034 323 614 341 089 4.28

Mpumalanga 338 424 289 424 408 895 430 566 4.03

Northern Cape 138 388 154 406 161 257 172 545 2.15

North West 277 810 372 149 398 199 418 109 5.19

Western Cape 961 515 966 881 1 001 608 1 053 258 13.48

Totals 6 828 784 7 175 182 7 715 581 8 126 097 100.00
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and 1970s, the road building sector was 
the beneficiary of large sums of direct 
funding from the fiscus for the creation 
and improvement of the road network and 
transportation system. However, since the 
1980s, changes in the economy and other 
priorities of the government at the time 
resulted in reduced allocations towards 
roads. Since the establishment of a demo-
cratic government in 1994, there has been 
a high demand for social infrastructure 
and related services. South Africa has a 
large number of unemployed people who 
need subsidised transport, health ser-
vices, education and housing. As a result 
these demands normally take precedence 
over budget allocations towards economic 
infrastructure such as roads. 

The fiscus is supported by different 
taxes and fees. Many of these are not direct 
road funding sources, but contribute to 
increasing revenue for the government. 
These include increased personal and com-
pany taxation, increasing Value Added Tax 
(VAT), customs and excise duties (such as 
import tax, and sin taxes such as tobacco 
and alcohol), and fuel levies.  

Fuel levies are collected as normal 
taxes and accrue to the fiscus. To ensure 
transparency and accountability all 
revenue collected is surrendered to the 
national revenue fund as provided by the 
Constitution. All allocations are man-
aged through a single budget process 
which determines the division of revenue 
and sectoral allocations. Funds are only 
earmarked for the skills levy and the Road 
Accident Fund (RAF), which acts as a lim-
ited liability insurance.  

To provide basic service levels the 
government is able to provide public 
goods through the fiscus. This will equate 
to the basic maintenance and geometric 
(cross section) standard of roads (normal 
two-lane roads). Current revenue levels 
do not provide sufficient funds to provide 
equitably for higher levels of service.  

Vehicle registration/licence fees and traffic fines 
In South Africa, income generated from 
vehicle registration and licence fees, as 
well as from traffic fines, is collected by 
the provincial and local spheres of gov-
ernment, and is not necessarily available 
to transport authorities for infrastructure 
provision. It generally gets absorbed into 
the provincial fiscus or local authority 
budget, and is allocated in accordance 
with provincial or local priority invest-
ment areas. It is an important source of 

‘own’ revenue for provincial and local 
government, and understanding the 
competing demands at this level, there 
can never be any guarantee that it will 
find its way back to the roads sector. The 
projected revenues from vehicle licence 
fees are shown in Table 2.

Development impact fees 
These fees are contributions from devel-
opers to compensate the community for 
the extra costs of public facilities that a 
development needs for effective site op-
eration. Developer contributions towards 
infrastructure provision are taking place 
in South Africa, although not on a formal-
ised/standardised, national basis. In some 
instances developers make a bulk services 
contribution, while others provide infra-
structure as part of the conditions of ap-
proval for land use amendment schemes. 
There are also those who do not provide/
pay anything.  

Developer contributions can play 
an integral role in financing the local 
supporting road network. It is, however, 
unlikely that developer contributions will 
be sufficient to fund the upgrading and 
expansion of higher-order roads such as 
the freeway network.  

Fuel taxes 
South Africa had a ‘dedicated fuel fund’ in 
the past, which ring-fenced funds for road 
projects. However, the ring-fenced levy 
was abolished in 1986. Since then all road 
maintenance and construction costs for 
non-toll roads have been funded from the 
fiscus through local, provincial and na-
tional budget allocations. Toll revenue is 
accounted for separately and is, in terms 
of legislation, only expended on toll roads.

There is still a tax levied on each 
litre of fuel sold in South Africa, and this 
levy is an important revenue generator 
for government. It should be noted that, 
apart from the allocation to the Road 
Accident Fund, revenue generated from 
the fuel taxes goes to the central fiscus 
for allocation across the spectrum and in 
accordance with the needs and priorities 
of government.  

The reinstatement of a ‘dedicated fuel 
fund’ is being debated and demanded 
by many. It should, however, be kept in 
mind that fuel levies do not guarantee a 
dedicated ongoing revenue stream. Even 
in the pre-1986 era, the fuel levy was not 
CPI-linked, and this resulted in a constant 
battle to obtain sufficient road funding.  
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In the event that a dedicated or ring-
fenced fuel levy is reinstated, the main 
issues are:

 N Technology advances mean more ef-
ficient fuel consumption, with the result 
that the real growth in fuel sales is less 
per vehicle. To sustain revenue from the 
fuel levy, the fuel levy would need to in-
crease by construction price adjustments 

(often higher than GDP growth and 
CPI), as well as by an adjustment factor 
for the improved efficiency per vehicle. 
 N If a fuel levy is applied/increased for 
every large infrastructure project, all 
roads authorities will demand their 
equitable share in terms of the vehicle 
kilometres travelled on roads under 
their jurisdiction. If not treated in this 

way, it would mean that cross-subsi-
disation is taking place. For example, 
users of gravel roads or poorly main-
tained roads will contribute through a 
fuel levy to those travelling on superior 
infrastructure. 
 N There are also differences in fuel con-
sumption per vehicle. The heavier the 
consumption, the higher the relative 
fuel levy for that particular vehicle. In 
South Africa, older vehicles in most 
instances are heavier on fuel. In its ex-
treme, those who can afford alternative 
fuel vehicles, such as battery-powered 
vehicles, will not contribute at all.

User-pays principle (tolling)

Shadow tolling 
Shadow tolling is not a true user-pays op-
tion, since the user is not charged for the 
use of a particular road, tunnel or bridge. 
Shadow tolls have been used in countries 
such as the United Kingdom, Finland and 
the Netherlands, and the terminology 
confuses many people. No tolls are levied 
from road users under this approach. 
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Instead the shadow tolls are paid by gov-
ernment to the operator, based on traffic 
counts on the road, an agreed rate per 
vehicle/vehicle type and an agreed set of 
performance criteria.  

Direct user tolling 
Direct user tolling is a user-based funding 
mechanism for road infrastructure de-
velopment. It enables the mobilisation of 
substantial capital funds upfront, usually 
through debt equity, for the construc-
tion of infrastructure such as freeways. 
The implementation of toll roads by 
governments in developing countries and 
countries in transition is becoming an 
attractive option, since:

 N It allows fast implementation of infra-
structure projects necessary to stimu-
late much needed economic growth.
 N It does not require the government 
to make available additional funding 
from its current revenue base for these 
projects.
 N It allows government to rather spend 
the funds on essential services, such as 
health and education.

Toll financing has the distinct advantage 
of accelerating the availability of initial 
funding for construction compared 
to traditional tax-supported highway 
finance. The initial capital cost for a 
project can therefore be financed over a 
shorter period than through limited tax-
based budgets. As a result, the benefit of 
increased roadway capacity is available to 
the public sooner. Therefore, tolling is an 
equitable way of implementing the user-
pays principle and does not compromise 
fiscal integrity.

The toll fees, or the road user charge, 
are calculated based on the cost of pro-
viding, maintaining and refurbishing 
that specific road. These toll fees should 
be less than the benefits, such as reduced 
travel times and vehicle operating costs, 
which a user is experiencing when using 
the toll road. Toll fees promote economic 
efficiency, and improve accountability and 
transparency. In contrast, in the absence 
of tolls, road costs would have to be borne 
by all taxpayers, irrespective of the extent 
to which they derive individual benefits 
from specific road infrastructure expan-

sion and maintenance projects. Unlike a 
user charge, a tax does not confer a direct 
benefit for the payment made.

In determining the feasibility of a toll 
project, the economic, social and financial 
benefits/feasibility are determined. In 
order to determine the economic feasi-
bility, a cost benefit analysis is performed. 
It is the primary measure of the project’s 
viability and gives a robust indication 
of the value that the project can deliver 
to the national economy. Furthermore, 
micro- and macro-economic analyses are 
performed. The micro-economic analysis 
considers the same costs and benefits, but 
from the perspective of a range of different 
stakeholders (within the overall picture of 
benefits there are losers as well as gainers). 
Macro-economic analysis considers the 
effect of the project on the national and 
regional economies, including job creation 
and economic efficiency effects (important 
from a policy perspective). The economic 
benefits from most toll projects are evident 
in the development which takes place 
along the route or in the towns/cities con-
nected by toll routes.
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It is important to note that the 
ongoing expenditure for the toll pro-
ject over the financial analysis period 
normally exceeds the initial construc-
tion costs. The financial feasibility of 
the project is reflected in terms of the 
Loan Supportable by Revenue (LSR), 
the ability of the project to service debt 
referred to as the Debt Service Cover 
Ratio, and the Maximum Debt Level. 
The J-curve provides a good overall 
perspective of the financial soundness 
of the project (Figure 2 refers).

The social benefits of toll projects (and 
for that matter any roads improvement 
project) are becoming increasingly impor-
tant. Improved roads result in a reduction 
in travel time, which means more time 
with family or for leisure, less accidents 
and less adverse environmental and as-
sociated health impacts.

Toll tariffs should be affordable 
and must reflect the benefits which the 
road user derives from lowered vehicle 
operating costs (fuel, maintenance) and 
savings in travel time. A well balanced 
toll tariff will ensure optimum attraction 
to the toll road. In the event that the toll 
tariff does not reflect the benefits to the 
user, high levels of diversion, or alter-
natively poor attraction to the toll road, 
will take place.

The implementation of toll roads 
requires road funding policy certainty, 
strong political support and proper public 
communications (selling the benefits of 
the project).

Options for raising debt under a toll scheme
Under a toll scheme two options are avail-
able for raising debt, namely state toll road 
schemes and private project financing.

For state toll roads, tolls collected are 
directly used (ring-fenced) for debt ser-
vicing and all other funding requirements 
for the toll road network. No provision for 
‘profit’ is made in the SANRAL toll port-
folio – all revenue received from tolling 
is reinvested in the toll roads, and the 
SANRAL finances are audited annually by 
the Auditor General.

With public private project (PPP) 
financing, a complex process of risk iden-
tification and cost detailing is undertaken 
prior to the preparation of concession 
agreements. Risks and costs can usually 
be offset by benefits, and the ratio of these 
normally determines the feasibility of 
such ventures. For concessions, toll rev-
enues are collected by the concessionaire 
to recover costs for debt servicing, capital 
expenditure, road maintenance, opera-
tional costs and a return on equity. The 
advantages of PPPs are, amongst others:

 N The transfer of risk from the public 
sector to the private sector – the 
concessionaire assumes full risk for 
the road pavement condition, traffic 
volumes and associated toll revenue 
and collection, the cost associated with 
maintenance, rehabilitation, opera-
tions and expansions, and the cost of 
financing, and
 N The ‘off balance sheet’ generation of 
project funding.  

‘INNOVATIVE’ FUNDING SOURCES
Innovative transportation financing op-
tions are becoming available as a result 
of new technologies. New technologies 
with respect to vehicle identification and 
monitoring provide different approaches 
in assessing vehicle utilisation. Two such 
fees/charges which have been proposed, 

and in some instances implemented, in-
clude a fee on vehicle miles travelled (the 
VMT or MBUF, i.e. mileage-based user 
fee), and congestion charges.

VMT/MBUF: The USA is actively 
exploring this option whereby a fee is 
charged for each vehicle, based on the 
number of miles that vehicle travelled 
on any road infrastructure. This can 
be achieved with new technologies, or 
enhancing existing technologies that are 
linked with GPS (tracking devices/smart 
phones). There are already various types 
of truck tolling in Europe by means of 
satellite-linked GPS devices.

Congestion Pricing: Congestion 
pricing levies a fee to a user based on the 
costs imposed on all travellers of the par-
ticular trip being made. Heavily congested 
areas such as the CBD are thereby made 
less attractive for private vehicle usage. 
Since the objective of this regime is to 
reduce congestion, the upgrading of road 
infrastructure is not necessarily required. 
Such a pricing scheme could produce 
very high levels of revenue for supporting 
alternative forms of transportation, such 
as public transport.

CONCLUSION
There are many different road funding 
options available, but in essence these 
are only variations of two basic options, 
namely a tax-based option or a user-pays 
option. Depending on the objective of 
the upgrading or maintenance actions 
required, the availability of financial 
resources and the need to accelerate 
projects (even if funds are not available), a 
specific funding option may be more ap-
propriate or effective.

It is unfortunate that the current 
debate has slowed the much needed 
expansion of critical road infrastructure. 
Hopefully, the outcome of this debate 
will pave the way for a robust solution to 
our funding dilemma and will allow us to 
implement South Africa’s need for a more 
efficient transport system, i.e. an optimal 
combination of road infrastructure and 
freight and public transport operations.

SOURCES:
Various SANRAL presentations
COTO Document (2014) regarding road 

network condition and funding require-
ments

Steering Committee Report (2011) re-
garding the implementation of toll for 
the GFIP 

Years

R
an

d
 (b

ill
io

ns
)

Year

Sound project feasibility

Project feasible

Project not feasible

5

0

-5

-10

-15

-20

-25

-30

-35

-40

-45

-50

-55

-60

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

20
34

20
35

20
36

20
37

20
38

20
39

20
40

Figure 2: Projected toll project debt levels at 6% p/a inflation 
and 4% p/a real interest rates for different levels of feasibility 



13237

We know that as a professional in the engineering fi eld, you deserve a banking o� ering that works as hard as you do. Nedbank’s Professional 
Banking bundle comes with access to a dedicated relationship banker, tailored fi nancing options and 24/7 service, and we o� er a seamless 
banking experience for you and your family.
 
This o� ering enables your fi nancial aspirations, comes with the rewards and lifestyle benefi ts that you deserve and is fl exible enough to grow 
as you grow, so that you can make things happen in your career.

... with a banking experience from Nedbank that allows you to focus on what really matters – your career.

Nedbank Limited Reg No 1951/000009/06. Authorised fi nancial services and registered credit provider (NCRCP16).#ThingsThatReallyMatter

PROFESSIONAL 
BANKING

MAKE

HAPPEN

Contact us today on 0860 555 222 to arrange an appointment. Alternatively email us at professionals@nedbank.co.za.



TEL: +27 11 803 8834 
www.technocad.co.za 

sales@technocad.co.za   
 

PROFESSIONAL TRAINING 
 
 

Product Training in our modern facility.  
View course schedule at www.technocad.co.za 

 

AutoCAD® 2015 

World-Leading CAD Software 
 

WaterMate  
Water Reticulation Design 

 

SurfMate  
Survey & Digital Terrain Modelling 

 

AeroTURN  
Aircraft Movement & Space Analysis 

 

RoadMate   
Urban & Rural Road Design  

 

ParkCAD  
Automated Parking Area Layouts 

 

   Infrastructure Design Suite®  
Premium & Ultimate 

 

PipeMate  
Sewer & Stormwater Design and Analysis 

 

RebarMate  
Reinforced Concrete Detailing & Scheduling 

 

AutoCAD Civil 3D®
  

Site development & Transportation 
 

AutoTURN  

Vehicle Manoeuvre Simulation & Analysis 
 

DatumMate 

Datum Conversion of Drawings  



Civil Engineering September 2015 15

OVERVIEW
Severe traffic congestion is experienced on freeways in most 
major cities of the world, and South Africa is no exception. 
Congestion has a negative effect on productivity, the running 
costs of vehicles, the time people spend with their families, as 
well as on the environment. 

Besides recurring congestion, which is normally experienced 
on weekdays during AM and PM traffic peaks, the occurrence of 
incidents such as crashes and stationary vehicles on freeways add 
further delays to travel times. The ability to detect, respond and 
normalise traffic flow on a freeway as efficiently as possible not only 
saves significant time and road user costs, but can also be the de-
termining factor between life or death for those involved in serious 
freeway crashes, and the deterrence of further secondary incidents.

The South African National Roads Agency SOC Ltd 
(SANRAL), realising the increasing constraints on the provision 
of infrastructure to effectively manage its road network and 
improve road safety, investigated alternatives by focusing on op-
erational issues in response to road users’ needs.

INNOVATIVE SOLUTIONS
In light of this SANRAL explored the use of Intelligent Transport 
Systems (ITS), with the specific application being referred to 
as a Freeway Management System (FMS). The FMS was first 
launched in September 2006 in Gauteng, and has subsequently 

been deployed in eThekwini and Pietermaritzburg in KwaZulu-
Natal, and in Cape Town in the Western Cape, instrumenting over 
500 km on the major urban freeway networks. The aim of the FMS 
is to:

 N Reduce congestion, with its accompanying  
impact on the environment
 N Improve road safety
 N Keep motorists informed of travel conditions
 N Respond rapidly to traffic incidents. 

The FMS allows for the collection of real-time information, 
which is conveyed to a Traffic Management Centre (TMC). The 
centre processes the data and uses the information to manage 
traffic flow and disseminate information to the road user.

In essence the FMS utilises technology to collect real-time 
traffic information through various devices and mediums. These 
include closed-circuit television (CCTV) cameras, and vehicle 
detection systems to predict travel time, traffic flows and density 
to provide situational analysis of traffic conditions and monitor 
the road network. Variable Message Signs (VMS) have been 

Gail Bester Pr Tech Eng
Project Manager: Traffic Management

SANRAL
besterg@nra.co.za 

Technology 
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SANRAL camera pole collecting 
real-time traffic information

SANRAL electronic message board communicating 
real-time traffic information to road users

SANRAL continually monitors the situation on South Africa’s freeways

SANRAL response vehicles, from left: medical response unit, incident 
response unit, light towing recovery unit, heavy towing recovery unit
(inset: motorcycle medical response unit)
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placed at strategic positions on the network to influence travel 
patterns and inform road users of real-time and projected traffic 
conditions due to incidents, scheduled road works, weather advi-
sories and special events. 

SANRAL therefore developed a national website 
(www.i-traffic.co.za) – the Advanced Traveller Information 
Systems (ATIS) – which provides road users with accurate, 
timely information to assist with pre-trip and en-route trip deci-
sions. Road users are therefore empowered with quality traffic 
information and road conditions. Having such information at 
their disposal helps drivers to improve their vigilance and adjust 
their driving behaviour accordingly.

The i-traffic website (www.i-traffic.co.za) displays real-time 
freeway information and provides still CCTV images of strategic 
interchanges. Users can subscribe to My-i-TRAFFIC to receive 
personalised and route-specific information via SMS and/or e-
mail alerts. 

A functionality that has been launched recently is travel time 
information. This is made possible through an algorithm which 
consolidates data from the combination of probe and traffic 
sensor data to determine average vehicle speeds and volumes. 
This data is then used to calculate the estimated travel times 
between various points. 

Travel time information is disseminated via VMS, e-mail 
alerts and the i-traffic website. The VMS will be set to display 
travel time in minutes from the VMS location to various destina-
tions on the freeways.

RESPONSE VEHICLES  
AND IMPROVED COORDINATION
A key element of the FMS project is the interaction with 
and enhancement of the existing incident management 
systems (IMS) in order to facilitate improved emergency 
and incident response. Real-time traffic monitoring and 
the efficiency of notification of an incident improves 
the response of emergency services, reduces the impact 
of an incident and improves safety for the road user.

Response coordination to an incident with other au-
thorities (such as municipal traffic control) is key to the 
objectives of the FMS. A key augmentation of the incident 
management services is the deployment of specially out-
fitted and dedicated vehicles to provide on-road services 
on the Gauteng network. The On-Road Service (ORS) 
unit currently includes 10 incident response units, 10 
towing recovery units, 8 heavy recovery units, 6 motor-
cycle medical response units and 6 medical response units. 
These units provide towing recovery, incident manage-
ment and medical support. The units respond to approxi-
mately 800 incidents (70% of total incidents) per month.

The motorcycles enable medical personnel to reach crash 
scenes quickly during peak traffic hours and congested traffic 
conditions. This unit is staffed by fully trained paramedics 
and is operated by a reputable emergency medical care and 
response service provider on SANRAL’s behalf. The aim of 
the emergency services is to provide a quick response for the 
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first line of medical assistance, critical in the ‘golden hour’ 
following injury. These services do not replace the existing 
public services, but are seen as complementary, expediting the 
provision of emergency aid to road users in need.

The light and heavy vehicle towing services and rapid 
medical emergency services are stationed at strategic loca-
tions and at ‘hot spots’ along the freeway network. These 
units are mobilised and dispatched to incident scenes when 
informed by Computer Aided Dispatch (CAD), Automatic 
Vehicle Location (AVL) and Automatic Vehicle Identification 
(AVI) systems. Additional benefits include improved coor-
dination between emergency services, particularly with the 
South African Police Service, and this reduces clearance times 
in the case of fatal crashes. Managers and supervisors of the 
responding emergency services are able to use the visual in-
formation to train and do post-incident debriefing. 

The system of quick detection and verification of inci-
dents, coupled with faster alerting of emergency services and 
provision of real-time incident alerts, is certainly enhancing 
motorist safety. Incident management timelines are measured 
and monitored continually (average incident detection noti-
fication, response and clearance times) and are discussed at 
incident management forums, with the aim of reducing the 
impact of incidents to the road user. 

Road users can report incidents on the Gauteng freeway 
network, including crashes and stationary vehicles, by calling 
the 24-hour operations centre at 012 762 4300.

Some of the added benefits of the FMS include identification 
of areas with high pedestrian activity, the implementation of 
engineering interventions, together with enforcement and educa-
tional strategies.

REMAIN INFORMED VIA TWITTER
Road users can further share in the benefits of being informed 
on a real-time basis via Twitter, and the following handles and 
contact details can be used:

 N Gauteng @itrafficgp 012 762 4300
 N KwaZulu-Natal @i_trafficKZN 033 846 2874
 N Cape Town @CapeTownFreeway 021 812 4442

The Twitter site is updated by the FMS operators as and when 
incidents occur. In many instances photos of the back of queues 
are included in the tweet to illustrate the exact location and im-
pact of the incident. 

BREAKDOWN ASSISTANCE
As the safety of road users is SANRAL’s main concern, the Agency 
will, in the event of a breakdown on the freeway, remove the vehicle 
free of charge to the nearest drop-off point. Arrangements from 
there will then be for the account of the motor vehicle owner. 

CONTACT DETAILS
Any incident on the Gauteng freeway can be reported to:

 N T: 0800 itraff (0800 487 233) / 012 762 4300
 N E: contact@i-traffic.co.za  |  W: www.i-traffic.co.za 
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BACKGROUND
In an infamous feature film, a question 
was asked: “What have the Romans ever 
done for us?” The initial response was 
dumb silence implying “nothing”. Here 
we ask a similar question about the South 
African National Roads Agency Limited 
(SANRAL) and the Gauteng Freeway 
Improvement Project (GFIP): What has 
the GFIP ever done for us?

If you are one of those who drive 
in the peak direction during the peak 
periods, you may well say “nothing”, and 
now we have to pay for it.

Not unlike the film, and with a little 
reflection, one has to acknowledge that 
there are some things that the GFIP, like 
the Romans, have done. In this article, 
we consider if the answer is in fact 
“nothing”, as the general public want us 
to believe.

WHAT ABOUT ROADS?
By 2008 the existing road pavements 
would have been approaching the end 
of their design life, and even before this 
the levels of congestion had reached 
unacceptable levels to the point of 
stunting mobility and economic growth 
in the province.

If there was no intervention in 
the short term on the existing road 
pavements, the condition of the roads 
would deteriorate rapidly, significantly 
increasing vehicle operating costs (CSIR 
Built Environment 2009). The rehabili-
tation work on the existing pavements 
has prolonged the life of over 200 km of 
the Gauteng freeway network, thereby 
ensuring that the user does not incur 
constantly and rapidly increasing ve-
hicle maintenance costs. Just to add to 
the roads statistics, the GFIP comprised 
585 additional lane kilometres, 265 km 
of fully reconstructed lane kilometres, 
significant capacity upgrades to 34 
interchanges including four new direc-
tional ramps, widening of 134 existing 
bridges and 47 new bridges, 186 km of 
freeway lighting and the installation 
of an integrated freeway management 
system with CCTV and variable mes-
sage signs (VMS).

The additional capacity on the free-
ways has benefits, some of these being 
measurable using the traffic models devel-
oped for the planning of the GFIP. We will 
get to these.

Apart from the roads, what has the 
GFIP ever done for us?

What has the GFIP 
ever done for us?

The rehabilitation work on 

the existing pavements has 

prolonged the life of over 

200 km of the Gauteng freeway 

network, thereby ensuring 

that the user does not incur 

constantly and rapidly increasing 

vehicle maintenance costs.
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TIME?
As alluded to above, the additional road 
capacity has reduced the morning and 
afternoon peak periods considerably. 
Unfortunately there just is not enough 
space or money to build roads that can 
cater for the total peak period demand 
within the peak hour. Therefore there are 
times when the upgraded freeways are 
running at full capacity. During these 
times the road user may experience 
travel times similar to before. However, 
those of us that travel during the 
shoulder peaks also continue to experi-
ence similar travelling times, but because 
these peak times are much shorter, we 
can travel at more civilised times of the 
mornings and afternoons.

Historic traffic data indicates that 
the peak period, being the time when the 
freeways run at full capacity, extends by 
15 minutes per year due to the annual 
increase in traffic demand. The additional 
capacity on the freeways has reduced 
the peak periods on some road sections 
by 90 minutes. Compared to a situation 
where the GFIP had not happened, we are 
now saving approximately 80 000 vehicle 
hours during the morning peak alone. By 
2025 this saving would have been 420 000 
vehicle hours, and this additional time 
would be mostly in congestion with the 
cars idling at an average consumption 
rate of 0.6 litres per hour, with two peak 
periods per day and 220 working days per 
year – this equates to 21 million litres of 
fuel this year, increasing to 110 million 
litres by 2025.

During the day, between the peak 
periods, the additional road capacity has 
improved travel time reliability. This sig-
nificantly contributes towards higher pro-
ductivity, as there is no longer a need to 
allow contingency time to arrive at meet-
ings and airports on time. This higher 
confidence in travel time contributes to 
lower stress levels and road rage incidents.

Apart from roads, and time (with 
fuel savings), what has the GFIP ever 
done for us? 

HEALTH AND SAFETY?
Operational elements of the GFIP in-
clude intelligent transport systems (ITS), 
which include CCTV monitoring and 
variable message signs for disseminating 
information to drivers. Linked to this are 
SANRAL’s response teams who secure 
the incident scene and provide primary 
medical response. SANRAL is also able 

to dispatch recovery vehicles to remove 
broken down heavy vehicles in a much 
more efficient manner, so that traffic 
flow is restored as soon as possible. These 
roadside assistance services make the 
GFIP freeways a much safer driving ex-
perience. In addition, the removal of the 
grass medians of previous years has to-
tally eliminated the possibility of making 
U-turns on the freeway, vastly improving 
road safety.

Apart from roads, time (with fuel sav-
ings), and health and safety, what has the 
GFIP ever done for us?

LAW AND ORDER?
Another operational aspect of the GFIP 
is the deployment of dedicated traffic 
officers to monitor and enforce road 
rule compliance. Unfortunately, with 
driver behaviour being what it is on our 
roads today, this is a totally unappreci-
ated task. Assisting in this task, the toll 
gantries have the ability to track vehi-
cles by using their number plates. In the 
event of a specific offence being com-
mitted – such as a duplicate number 
plate where the number plate does not 
match the vehicle – the gantry informa-
tion can be, and has been, used to track 
and apprehend offenders.

Apart from roads, time (with fuel sav-
ings), health and safety, and law and order, 
what has the GFIP ever done for us?

EDUCATION?
SANRAL makes significant contribu-
tions to education, one of these areas 
being in traffic and transport engi-
neering. Good traffic data in this field 
is very scarce and expensive to acquire. 
As part of the GFIP system, SANRAL 
has expanded the comprehensive traffic 
observation (CTO) footprint and has 
access to processed data from the toll 
gantries through the open road tolling 
system. Combining this data with other 
commercially available data, has put 
SANRAL and its research teams in a 
very strong research position, since this 
type of data is not readily available. As 
an example, where a roadside interview 
may reveal approximately 2 500 inter-
views per day (daylight hours only) and 
seldom runs for more than two days at 
one location, the gantry data collects 
data 24/7. In one month over 75 million 
entries were collected, being rolled up 
into over 34 million trips through 42 
data collection points along 200 km of 

freeway. For any traffic engineer/mod-
eller this is awesome, provided we can 
use the data efficiently.

Apart from roads, time (with fuel sav-
ings), health and safety, law and order, and 
contributing to education, what has the 
GFIP ever done for us?

CONCLUSION
Although we could go on and include 
elements such as job creation and pro-
motion of public transport, one should 
not forget that this project was ambitious 
from the outset. This is over and above 
the other thousands of kilometres of 
national roads operated and maintained 
by SANRAL. The GFIP entailed imple-
menting certain modern systems for 
the first time in this country, relying on 
international ‘experts’ and following the 
letter of the law in procurement and pro-
ject implementation, all of which have 
resulted in some valuable lessons learnt. 
At the end of the day we should recon-
sider the original question: What has the 
GFIP ever done for us?

Apart from:
 N being able to continue to use the 
freeway network, with road pavements 
that are not continuously failing, and 
having dedicated teams maintaining 
the roads;
 N being able to get up 30 minutes later 
in the mornings and spend more time 
with the family in the afternoons;
 N being more productive during the day 
by spending less time in traffic jams or 
arriving at meetings very early;
 N being comfortable in knowing that 
there will be a response to incidents 
without having to call anyone (personal 
experience);
 N knowing that the GFIP is contributing 
towards adherence to the rules of the 
road;
 N saving money because of reduced fuel 
consumption and less wear and tear on 
the engine; and
 N having access to an unprecedented 
traffic data base to improve traffic 
models and other educational purposes;
 N what has the GFIP ever done for us?

Personally I always look on the bright side 
of life, and the positives in most things 
in our daily lives then become apparent, 
including all the benefits of the GFIP.

And that’s not all. For a mere 30 cents 
per km (or a fifth of my child’s cell phone 
account), it’s an absolute bargain. 
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ASTONISHING GROWTH
Durban ranks within the top 50 destinations for container traffic 
internationally. In the ten-year period from 1999 to 2009, the 
volume of containers routed through the Port of Durban grew by 
an astonishing 134%.

The critical importance of the Durban Gauteng Corridor 
is underlined by the fact that there are few alternatives, with 
Maputo in Mozambique facing both border crossing and 
harbour congestion challenges, while Richards Bay is mainly 
a break-bulk harbour. For this reason the development of 
this corridor has been identified by the South African gov-
ernment as a Strategic Integrated Project and forms part of 
the SIP2 programme.

A uniqueness of South Africa is that Durban is the biggest 
port in Africa, located on the east coast of the KwaZulu-Natal 
Province, while the centre of economic activity lies in the 
Gauteng Province, some 600 kilometres inland. This makes the 
N3 that connects these two provinces the busiest freight route in 
South Africa.

HOLISTIC PLANNING
The N3 planning has been undertaken holistically as part of the 
SIP2 programme. Engagement with Transnet took place in terms 
of the current and future impact of freight on the national road 
network, as well as Transnet’s road-to-rail strategy.

A major focus of the programme is the portion of the N3 
between Durban and Pietermaritzburg, which has come under 
intense pressure due to safety concerns and heavy vehicle 
accidents. The section between Pietermaritzburg and Hilton 
is particularly problematic, due to the steep descent at Town 

Freek Serton Pr Eng, PCPM
Director: Roads
Hatch Goba
fserton@hatch.co.za 

Ravi Ronny Pr Eng
Manager: Planning, Design and Construction
SANRAL Eastern Region
ronnyr@nra.co.za

The Hatch Goba/RHDHV Joint Venture has 
completed the planning process and preliminary 

design for a section of the Durban Gauteng 
Corridor upgrade project, stretching from Paradise 

Valley, just west of Durban, to Cedara, north of 
Pietermaritzburg, for client SANRAL. Seen as the 
most important freight corridor in the country, the 

project has a design window up to 2047.

Planning and preliminary design completed for

massive N3 upgrade

The N3 freeway in KwaZulu-Natal, part of the critically important Durban Gauteng Corridor, is due for a massive upgrade
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Hill, the added lack of capacity and the curvilinear alignment. 
Likewise, the Key Ridge section between Shongweni and 
Hammarsdale poses a threat to freight vehicles, due to a com-
bination of steep gradients and sharp curves.

Hatch Goba as lead consultant, in consultation with the 
South African National Roads Agency (SANRAL), undertook 
the planning and preliminary design of the section from 
Paradise Valley, just west of Durban, to Cedara, north of 
Pietermaritzburg, in conjunction with Royal HaskoningDHV 
as joint venture partner. Acer (Africa) was the lead environ-
mental practitioner, while Stratecon was the economic assess-
ment specialist.

SCOPE OF WORK
The JV’s scope of work focused initially on the compilation of 
a preliminary design report that took into account all existing 
data, from traffic analysis to Lidar surveys, bridge scans and 
materials data. The upgrade proposals contained in this report 
then had to be refined further by means of micro-simulation 
modelling.

The big driver for completing the preliminary design was to 
identify where SANRAL needed to acquire more land. Where 
possible, development has to take place towards the inside of the 
median, but it does exceed the current road reserve in certain 
places. All these areas were identified, and the land acquisition 
process is currently under way.

The existing pavement also had to be evaluated and, together 
with the outcomes of the traffic analysis, a pavement strategy to 
sustain current and future traffic loadings had to be indicated 
– the required capacity upgrades to the N3 main line have to 
provide a Level of Service D in 2047.

An important part of the brief was not just to provide ca-
pacity, but also to look at safety upgrades in terms of the road 
alignment. This entailed evaluating the existing alignments, both 
horizontally and vertically, and then proposing upgrades to miti-
gate any unsafe conditions.

The current planning represents what can be termed “the 
ultimate development of the N3” and is the result of a long 
process. The JV’s original appointment was for an upgrade 
from four to six lanes, but the traffic analysis showed that, even 
then, sections of the road would reach capacity pretty soon, i.e. 
around 2020 to 2025, at which point more lanes would again 
need to be added.

SANRAL then revised the project’s scope of work to consider 
a 30-year design period with implementation estimated to com-
mence in 2017. This planning was done in consultation with other 
stakeholders as part of the SIP2 programme, and, in particular, 
Transnet’s Freight Demand Model. In order to have sufficient 
capacity up until and including 2047, the road would need to be 
upgraded to an eight-lane facility, with four lanes in each direction. 
Climbing and crawler lanes are also required, so in certain places 
it would even become ten lanes. It is a recognised principle that an 
authority cannot build itself out of capacity and, while the plan is 
for an eight-lane freeway (ten lanes for steep areas), SANRAL’s cur-
rent network already has such lanes in other high-traffic areas.

The proposed solution is a massive upgrade of the N3 
between the Candella Road Overpass, just east of the EB 
Cloete Interchange at Durban, and Cedara, just north of 
Pietermaritzburg. Most of the construction work is estimated to 
begin in 2017.
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CAPITAL OUTLAY
One of the key challenges facing SANRAL with the upgrade 
is the high capital outlay required. The construction phase 
is unfunded at this stage, but is being discussed at a national 
level through the Presidential Infrastructure Coordinating 
Commission (PICC), which coordinates all government’s infra-
structure projects. 

The total construction works (in 2014 prices, including 
design and supervision fees) for the 2017 portion of the 
project equate to R17.9 billion, while the 2027 portion will 
cost R4 billion. SANRAL has broken the project down into 
ten packages for the detail design and construction stages, 
and the tender process for the appointment of consulting 
engineers for these stages is under way. Some of these have 
already been awarded. 

THE TOWN HILL CHALLENGE
Perhaps the most notorious section of the Durban Gauteng 
Corridor is the Town Hill section near Pietermaritzburg, as this 
is the section with the highest accident record due to its steep 
gradient and sharp curves. As a result of the severe geotechnical 
constraints and alignment problems it may not be desirable to 
add additional lanes to the existing road.

Various options for ring roads around Pietermaritzburg were 
therefore investigated. These have in fact been on the cards for 
many years in an attempt to get rid of the hazards posed by the 
current alignment, but they turn out to be very expensive, as long 
sections of road will need to be built. Also, because these alterna-
tives are so much longer, they are not considered economically 
viable options for road users.

This specific part of the project is therefore still ongoing. A 
possible alternative alignment for the Town Hill section has been 
identified, which promises to address the safety-related problems 
while still being economically viable. This includes a possible 
route up the opposite side of the valley and would be used in con-
junction with the existing route.

Another option is the construction of a road tunnel from the 
Cascades area of Pietermaritzburg to the Rotunda area of Hilton. 
A total of eleven options are being considered, and these will go 
through an environmental screening process before routes are 
shortlisted and taken forward.

CONCLUSION
The success of the project to date can be attributed to the close 
working relationship between all the professional participants 
in the JV, and the interaction with SANRAL as the main client. 
This is indeed a flagship project for all involved, and is testa-
ment to the expertise and experience of all the JV members and 
SANRAL. 

Another option is the construction of a road tunnel 

from the Cascades area of Pietermaritzburg to the 

Rotunda area of Hilton. A total of eleven options 

are being considered, and these will go through 

an environmental screening process before routes 

are shortlisted and taken forward.
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The fuel levy, a domestic transport cost 
component added to the basic fuel price, 
has long been South Africa’s main source 
of income to fund the construction and 
maintenance of roads, as well as lend 
support to public transport. During the 
2012/2013 financial year the fuel levy 
(which was ring-fenced for the provision 
of road infrastructure from 1935 to 1988) 
contributed R40.4 billion to the National 
Revenue Fund administered by National 
Treasury. Recent comments regarding 
e-tolling of the Gauteng Freeway 
Improvement Project (GFIP) have raised 
questions and strong opinions about 
the continuing use of the fuel levy as an 
income source from road users to fund 
land transport operations and infra-
structure in South Africa.

It is contended that the fuel levy was 
and remains an economically efficient 
way to collect income from road users. 
Proponents state that: 

 N There is an existing mechanism to 
administer it and no additional infra-
structure elements, such as toll booths, 
retail billing systems or enforcement 
issues, need to be implemented. 
 N The distance travelled and the 
weight of the vehicle are two of the 

primary factors influencing vehicle 
fuel consumption, so the fuel levy is 
a relatively good match for the cost 
incurred by vehicles on our roads. 
 N The fuel levy adds costs to all 
forms of road trips, removing in-
centives to use back-roads. 
 N Driving during the peak traffic period 
gives rise to higher fuel consumption 
due to the stop-start nature of traffic, 
so the fuel levy acts, in some small 
way, as a type of congestion charge. 

Opponents to the fuel levy state that this 
tax is not without problems: 

 N While the fuel levy is levied na-
tionally, it is used to fund roads 
in specific regions, thus there 
is a spatial mismatch between 
those who pay (everyone) and 
those who benefit (the region). 
 N If the fuel levy is not levied nationally, 
it will give rise to increased arbitrage 
opportunities near periphery regions. 
 N Electrical and hybrid vehicles do 
not contribute to the fuel levy, even 
though they incur road use cost (i.e. 
maintenance and congestion). 
 N Increasing the fuel levy has a nega-
tive impact on socio-economically 
deprived population classes, as it 
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Running dry
assessing the fuel levy as a long-term, economically efficient road-use fund

The SAICE Transportation 
Engineering Division awarded the 
full version of this article as the Best 

Paper by a Young Professional at 
the Southern African Transport 
Conference held in Pretoria earlier 
this year. The original paper was 
co-authored by Prof Stephan 
Krygsman, who is also acting as 
the author’s PhD supervisor.
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is a regressive tax where everyone 
pays the same. Lower-income car 
users will therefore be hit hardest 
by the fuel levy increase, as they 
do not have as much disposable in-
come as higher-income car users.
 N Road users do not really consider the 
fuel levy when driving and the levy 
therefore does not really induce people 
to change their travel behaviour.
 N Advances in vehicle technology 
will result in vehicles becoming 
more fuel efficient, and will re-
sult in less fuel being used for 
travelling the same distance. 
 N Increasing the fuel levy will have 
a corresponding increase in trans-
port costs, which will in turn 
have an impact on inflation. 

The original research paper, on which 
this article is based, was presented 
at the Southern African Transport 
Conference in July with the aim of as-
sessing whether a review of the fuel 
levy is needed, to be supplemented 
or replaced by a viable alternative, in 
order to secure a long-term sustainable 
income source for the country’s ageing 
transport road infrastructure.

A comparison was made between 
the fuel levy in South Africa and other 
countries, including selected BRICS na-
tions and selected European countries. 
It was illustrated that the fuel levy in 
South Africa is not particularly high 
compared to these countries. In South 
Africa in 2004 the fuel levy made up 
26.3% of a litre of petrol sold locally, 

dropping to 17.9% in 2012. In the United 
Kingdom this figure was 71.2% in 2004, 
and 59.5% in 2010, while in Brazil it was 
46.4% in 2004, and 42.5% in 2012.

It was furthermore found that al-
ternative fuels, and electrical and more 
fuel-efficient vehicles will have an in-
creasing impact on the fuel levy income. 
While the registered vehicle population 
in South Africa grew by 47.2% in the 
period from 2003 to 2012, vehicle kilo-
metres increased by 38.5% but fuel sales 
only increased by 21.9%. 

New advances in technology are 
making road vehicles more fuel efficient 
each year. Between 1970 and 2012 the 
average fuel efficiency of all vehicle 
types increased by 32% at an average 
rate of 0.9% per annum. Roughly trans-
lated this implies that a 2012 model 
vehicle can travel 32% further than a 
1970 model vehicle, using the same fuel 
amount, and paying the same fuel levy. 

The result is an increasingly unpro-
ductive fuel levy. This trend between 
vehicle population growth, annual 
kilometres travelled and an unproduc-
tive annual fuel levy is not unique to 
South Africa. This phenomenon is 
also experienced in various countries, 
including America, Germany, the 
United Kingdom, Sweden, Australia, 
New Zealand and Singapore. Most of 
these countries are searching for viable 
alternatives to the declining fuel income 
source.

Measuring the productivity of the 
fuel levy seems a valuable index to 
assess the long-term income earning 
potential of a fuel tax. It was found that 
on average the potential to generate ad-
ditional income per additional vehicle 
kilometres has decreased over the past 
ten years.

A review of the current fuel levy is 
needed, as increasing the fuel levy each 
year will only be a temporary solution. 
The fuel levy must be supplemented 
or replaced by a viable alternative in 
order to secure a long-term sustainable 
income source for the country’s ageing 
transport (road) infrastructure.

The paper on which this article 
is based forms part of the ongoing 
research at Stellenbosch University on 
financing for road transport infrastruc-
ture. Future research will consider alter-
native financing options, including toll 
roads, GPS-enabled road user charging, 
etc, to supplement the fuel levy. 
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Figure 1: Cumulative growth – registered vehicle population, kilometres travelled and fuel 
sales (Metschies 2013; Engen 2014; OECD 2014)

Figure 2: Productivity of the fuel levy
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CONTEXT
South Africa’s latest Greenhouse Gas 
Inventory indicates that in 2010 the 
transport sector contributed a total of 
47.4 Mt CO2e in direct greenhouse gas 
(GHG) emissions, or 8.4% of the coun-
try’s total emissions.1 Freight transport 
is thought to account for about half of 
the emissions from the combustion of 
fossil fuels.2

It is widely recognised that the shift 
from road to rail is one of the biggest op-
portunities for reducing GHG emissions 
from the freight transport sector. Along 
with improved and alternative vehicle 
technologies and fuels, it is included 
as a mitigation option in government’s 
Mitigation Potential Analysis. The road-
to-rail shift forms part of the Department 
of Transport’s strategic goal to deliver an 
efficient and integrated infrastructure 
network, and will in part be facilitated 
by government’s rail re-capitalisation 
programme. However, a shift from road 
to rail is not without its challenges. It is 
important to also understand the degree 
to which freight can be shifted to rail. 
Currently, most mitigation modelling 
efforts tend to assume a linear (or other 
simple) transition to a desired future 

modal split, without much consideration 
of how this can be achieved. For example, 
the Mitigation Potential Analysis assumes 
that a 70:30 rail-to-road split for freight 
transported along corridors is technically 
possible by 2050, based on work done in 
the development of the Western Cape 
Infrastructure Plan.3,4

OBJECTIVES
WWF South Africa commissioned The 
Green House to develop a system dy-
namics model to explore the workings of a 
shift of freight between road and rail. The 
work in this study aims to advance the 
understanding of the drivers and barriers 
to a freight modal shift, by identifying 
types of decision-makers in the freight 
sector and investigating the impact of 
mitigation measures on costs, reliability 
and resulting decision-making behaviour, 
as well as the bigger picture impacts on 
jobs, emissions, water use and other ex-
ternality costs. An interactive online tool 
has been developed that aims to facilitate 
the dialogue between industry, govern-
ment and other interested parties in the 
freight transport mitigation space. This 
article explores the development of the 
modelling tool.
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MODEL STRUCTURE
System dynamics models have been suc-
cessfully applied to investigate the impli-
cations of policy decisions on transport 
systems internationally.5 In this study, 
system dynamics modelling was used 
to facilitate a better understanding of 
the complexities of the freight transport 
system amongst decision-makers, with a 
particular focus on the drivers and bar-
riers to mode-shift decisions. The model 
also evaluates the impacts of mitigation 
measures in the freight subsector in terms 
of greenhouse gas (GHG) emissions, di-
rect job creation, water usage and various 
externality costs. 

The model was developed and popu-
lated based on an understanding of the 
South African freight transport system 
gained from literature, and extensive 
stakeholder and expert consultation 
throughout the process. Specific atten-
tion was given to capturing the process 

of decision-making in the model. Other 
components of the model are presented 
in Figure 1.

With its focus on mode-shift decision-
making and mitigation, the model does 
not attempt to replicate national freight 
flow models, and considers a reduced 
scope of a single commodity transported 
along a major corridor, i.e. the trans-
port of processed food along the Cape 
Town–Gauteng corridor. The rationale 
behind this selection is that the nature 
of processed food and the distance of 
the selected corridor make it suitable 
for intermodal transport solutions, even 
though currently most of this freight is 
transported by road.6,7 Furthermore, pro-
cessed foods make up a large portion of the 
total freight transported via this specific 
corridor.8

The route simulated provides for a 
road leg at either end of the rail corridor 
to account for the fact that rail links 

are often not located directly adjacent 
to the origin or final destination of the 
freight. In contrast, road freight was 
assumed to take place as one trip (see 
Figure 2).

Once set in motion with initial 
settings, the model simulates freight 
transport year on year over the period 
2012 to 2050, based on decision-
makers’ responses to the starting situ-
ation and feedback loops or knock-on 
effects that occur.

DECISION-MAKERS: FREIGHT 
OWNERS AND FLEET OWNERS
Interviews with stakeholders suggested 
that cost and reliability are the main 
criteria by which mode-shift decisions 
are currently made by freight owners 
(those who own the cargo) or their 
proxies (being providers of logistics 
services). Additional decision-making 
criteria (jobs, emissions and exter-
nality costs) were added to the model 
to investigate the impact of decision-
makers bringing these criteria into their 
decision processes. In the model, three 
freight owner decision-maker types 
were distinguished:

 N Cost-focused: Cost is identified as the 
main driver for this type of decision-
maker. Typical companies have large 
volumes of products and serve the ma-
jority of consumers.
 N Reputation-focused: Reliability is 
the main driver for this decision-
maker, within a cost-parity band. 
Environmental issues may be con-
sidered to enhance the brand value. 
Typical companies cater for a higher-
end market with consumers willing 
to pay more for better quality and 
consistent availability of products.
 N Sustainability-focused: This type 
represents a theoretical decision-maker 
who makes decisions for the greater 
good – for example a government deci-
sion-maker attempting to drive a devel-
opment agenda rather than the interests 
of a specific business. Priorities are to 
reduce emissions, increase employment 
and reduce externality costs.

In terms of the current landscape of 
processed food freight owners, the default 
setting is that the market consists of 90% 
cost-focused decision-makers, with the 
remainder being reputation-focused. For 
the base case, sustainability-focused deci-
sion-makers were judged to be effectively 
non-existent.

Figure 1: Modules of the freight transport system dynamics model

Figure 2: Legs of journeys modelled for transport of freight by road and rail
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Within vehicle fleet companies, a dis-
tinction was made between two types of 
decision-makers:

 N First-adopters: These companies are at 
the forefront of adopting new technolo-
gies to improve vehicle efficiency. They 
are typically larger companies with a 
balance sheet (capital or cash flow) that 
allows for such investment and can 
tolerate longer payback periods. The 
model also conflates these with com-
panies that have stringent maintenance 
and driver-training programmes.
 N Late-adopters: Here capital is limited, 
therefore these types of fleet owners 
rarely consider adopting new tech-
nologies if not required by law. They 
are typically smaller companies or 
single driver-and-truck operations. 
Sometimes these decision-makers 
utilise second-hand trucks, and drivers 
do not typically receive training in fuel-
efficient driving.

We made assumptions about the mapping 
between the freight owners and fleet com-
panies. Reputation-focused freight owners 
predominantly use first-adopter fleets, 
although they may occasionally make 
use of late-adopter trucks during times 
of high demand. Cost-focused decision-
makers utilise a far greater percentage of 
late-adopter fleets.

COST AND RELIABILITY 
IN THE MODEL
The model aims to capture the total logis-
tics cost to the freight owner (price paid 
per tonne kilometre), as this is the cost 
used in the decision-making process as 
one of the criteria for selecting a mode of 
transport. Total logistics cost comprises 
transport, warehousing, inventory car-
rying and management and administra-
tion cost, with the figures used based on 
the 10th State of Logistics report.9

Transport cost for road was further dis-
aggregated in accordance with the State of 
Logistics to capture the impact of projected 
increasing fuel costs, fuel levies, carbon tax 
(as proposed in the South African Carbon 

Tax Policy Paper10), increasing driver wages, 
toll fees and the impact of deteriorating road 
surfaces on vehicle maintenance costs. Rail 
transport cost is affected by the electricity 
price and labour cost increases. 

Warehousing cost depends on the 
punctuality of fleets (less punctual 
fleets require more goods in storage as 
a buffer), while inventory carrying cost 
is determined largely by travel time, and 
management and administration cost is 
influenced partly by increasing labour cost.

Another important criterion in the 
decision-making process is reliability, 
which is the probability of a transport 
system failing over time. Punctuality 
is the indicator used in this model to 
simulate reliability. It is a measure of how 
“on time” the mode of transport is, and is 
expressed as a percentage of shipments 
that are perceived to be on time by the 
freight owner. For road transport, the 
punctuality is linked to the vehicle fleet, 
with the figures used being informed by 
stakeholders whom we consulted. For 
the model it is assumed that the average 
punctuality for first-adopter truck owners 
is 98%, and that of the late-adopter fleet 
is 92%. For rail transport, the punctuality 
was determined from the average time 
delay per train, which was calculated from 
Transnet data and the tolerance levels for 
delays of European freight owners.11

FREIGHT CHARACTERISTICS 
Not all freight is suitable for rail. The de-
mand for processed food freight transport 
along the modelled corridor to 2050 was 
taken from Transnet’s Rail Forecast from 
April 2013,12 which informed their Long 
Term Planning Framework.13 The same 
freight classifications used by Transnet 
are also applied here as follows:

 N Rail-suitable: Typically containerised 
or palletised freight transported in bulk 
to a single destination.
 N Competing: Freight that can be trans-
ported on either rail or road. Freight 
might be boxed and packaged, but can 
require additional palletisation or have 

more stringent storage and handling 
requirements. Possibly smaller quanti-
ties transported to many destinations.
 N Road-suitable: Freight that is most 
suitable for road transport due to the 
type of packaging, volumes and dis-
persed destinations.

In the model, road-suitable freight is 
assumed to never shift to rail, whereas 
a cost differential is included to account 
for the difference in transporting rail-
suitable and competing freight, with 
the cost to transport of the latter by rail 
being more expensive.

The model shifts freight between 
road and rail transport depending on the 
demand for rail in a specific year. Based 
on stakeholder input, it is understood 
that the mode shift is not immediate, 
but rather phased in. This is to account 
for the likelihood of there being binding 
contracts with a transport provider, or the 
freight owner possibly utilising in-house 
trucks for transport that might retard 
their shift as they seek to maximise ex-
isting assets. To simulate this, a first-order 
material delay with a delay duration of 
two years is built into the model. 

MITIGATION MEASURES
The mitigation measures as depicted in 
Table 1 have been investigated in the model.

MODEL OUTPUT INDICATORS
As well as projecting the amount of each 
type of freight carried on each mode, 
other output indicators include:

 N GHG emissions (of fuels and elec-
tricity): These are calculated using emis-
sion factors from Defra14 and the IRP.15

 N Other life cycle GHG emissions: For 
emission sources associated with the 
life cycle of the transport services (up-
stream and downstream of the service), 
emission factors from the eco-invent 
database16 were applied. 
 N Water consumption: Water require-
ments are only calculated for the pro-
duction of the main energy sources, i.e. 
diesel, biodiesel and electricity.17

YEARS

1965 – 2015
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Table 1: Mitigation measures considered in the freight system dynamics model

Planning measures Regulatory measures Economic measures Information measures Technological  
measures

 N Location of intermodal 
points

 N Rail infrastructure 
upgrades

 N Cleaner grid electricity

 N Biofuels blending  N Carbon tax
 N Fuel levies
 N Road toll fees
 N Rail subsidy
 N Increased driver wages 
and labour costs

 N Driver training and 
awareness

 N Tyre improvements
 N Transmission upgrades
 N Aerodynamic trailers and 
engine improvements

 N Hybrid vehicles  
with idle reduction

 N Increased biofuels usage
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 N Externality costs: These are additional 
costs incurred by society when a private 
party utilises a public good. Costs for 
accidents, emissions, congestion, noise, 
roadway land availability and policing 
were simulated based on literature data.18

 N Jobs: This has to do with direct job 
impacts on road and rail based on 
literature.19

COMMENTS ON MODEL OUTPUTS
Initial model runs indicate that a sig-
nificant shift of the freight from road to 
rail is possible for decision-makers who 
prioritise cost over reliability. However, 
reputation-focused decision-makers (who 
prioritise reliability) are only seen to shift 
a fraction of their freight onto rail, and 
only do so much later.

With an increased volume of freight on 
rail, the only negative impacts are the reduc-
tion in direct jobs and a slight increase in 
water requirements. Jobs are lost in the road 
freight industry and we did not model indi-
rect jobs, which might be gained. The water 
result is due to increased water requirements 
for producing biodiesel. All other outputs 

are beneficial, with large reductions in GHG 
emissions and externality costs.

As with any model, the relevance of the 
model outputs is largely dependent on the 
inputs. Where information was not readily 
available, assumptions had to be made. 
Through a sensitivity analysis the input 
parameters that have the biggest impact on 
the model results were identified. 

The key areas that could be the subject 
of further investigation and refinement in 
the model include:

 N Characterisation of the processed food 
market in terms of percentage of each 
type of decision-maker, as well as their 
decision-making priorities.
 N Including a better understanding of cur-
rent rail and road transport costs.
 N Further unpacking utilisation of the rail 
infrastructure, available capacity, planned 
future capacity and the impact of capacity 
constraints on modal shifts.
 N Accounting for additional rail delays not 
related to failures on the Cape Town to 
Gauteng corridor.
 N Further understanding the implications 
of rail infrastructure improvements and 

the impact on reliability and intermodal 
point upgrades.

The interactive model can be found at:  
https://forio.com/simulate/ab755188/13013-
freight-sd-model-v-100/. The interface 
allows one to change settings as one sees 
fit. A technical report is also available for 
those who would like to dig deeper into the 
modelling.

NOTE
This study is part of WWF’s programme 
on low-carbon frameworks in the transport 
sector, which has The Green House as the 
technical partner. More papers can be 
found at: http://www.wwf.org.za/what_we_
do/transport/
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BACKGROUND
The informal public transport industry, dominated by minibus 
taxis, accounts for a significant proportion of the collective 
transport market in South Africa. However, in-vehicle speed 
adaptive technologies are yet to be tested and fully implemented 
in this industry. According to national road traffic reports of 
South Africa most severe and fatal crashes are attributed to 
speeding, a significant number of which involve minibus taxis. 
A study carried out by the Automobile Association of South 
Africa recorded an annual total of 70 000 minibus taxi crashes, 
which indicates that taxis in South Africa account for twice the 
rate of crashes than all other passenger vehicles. Many of these 
taxis engage not only in urban trips on weekdays, but also in 
long-distance trips on weekends. Although the logistics of both 
types of trips (urban and long-distance) are different, the drivers 
and vehicles used are the same. Demographics revealed that 
most drivers engaged in long-distance transport fall within the 
age range of 31–40, with minibus driving experience being 3–5 
years. In addition, these drivers work a minimum of six days per 
week, and spend 9–12 hours driving every day.

In the last decade a series of on-road Average Speed 
Enforcement (ASE) systems – commonly known as Average 
Speed Over Distance (ASOD) systems – were erected along 
notorious road sections. The use of ASE systems is growing 
steadily and gaining popularity in South Africa. Although it has 
been effective in general, a number of shortcomings are evident, 
specifically associated with the isolation of transportation 
modes in the evaluation process. Another countermeasure, not 
common to the informal public transport sector, is Intelligent 
Speed Adaptation (ISA), implemented through in-vehicle Human 
Machine Interfaces (HMIs). These ISA systems can continuously 
inform and enforce posted speed limits, unlike most on-road 
countermeasures which are spatially limited. In addition to these 
compliance enforcement measures, financial gain due to lower 
speeds could act as a non-invasive and inherent self-correcting 
incentive. This article explores ASE, ISA and fuel savings in the 
informal public transport sector in South Africa.

OBJECTIVE
The objective of the project was to compare and evaluate the 
efficiency of two state-of-the-art interventions (ASE and ISA) in 
improving speed compliance within the informal public trans-
port industry in South Africa. The impact on fuel consumption 
was also evaluated as an inherent incentive that could act as a 
self-regulatory method on safety by increasing driver remunera-
tion.

PROJECT DESCRIPTION
The project evaluated long-distance informal transport using 
minibus taxis between Cape Town in the Western Cape and 

Umtata in the Eastern Cape – a 2 400 km return journey, usually 
undertaken from Friday dusk to Monday dawn for religious and 
family ceremonies. The evaluation route was restricted to the 
145 km section of the R61 between Beaufort West and Aberdeen. 
The first 71.6 km of the section from Beaufort West hosts one 
of South Africa’s first ASE systems launched in November 2011, 
which we used as an Enforcement Route (ER). The rest of the 
section to Aberdeen was considered as a Control Route (CR). 
Figures 1(a) and 1(b) show the map and a section of the route.

Five Toyota Quantum minibus taxis running on diesel were 
fitted with fleet management devices that were sponsored and 
installed by MiX Telematics. These devices have integrated GPS 
reporting (speed and location), and audible speed-triggered 
warning tones which served as ISAs. The ISA systems were set 
remotely and triggered ten seconds after a fixed threshold speed 
of 110 km/h was exceeded. ASE fleet data was collected during 
the months of March and April 2014, while ISA fleet data was 
collected during the same months in 2015. Data validity was 
ensured by correlating average speeds calculated from GPS data 
with average speeds picked up by the ASOD system.

Fuel consumption was computed using the COPERT 
(Computer Programme for Emissions and Road Transport) model. 
This model – developed from European fleets – was considered 
appropriate for two reasons: first, South African vehicles have 
similar emission characteristics, and second, the only dynamic 
variable required is vehicle speed, which makes it easy to apply.

OUTCOMES
This section presents the outcome of each intervention on av-
erage speed, speed percentiles and speeding frequency. Mean 
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speed was calculated as the average speed along each route as a 
function of distance and travel time. The proportion of the travel 
time spent driving above the ISA fixed speed, which we refer to 
as Speeding Frequency (SF), was also investigated.

Average speed and violations
An aggregate summary of key speed variables reveals signifi-
cant differences between ASE and ISA, especially on the ASE 
Enforcement Route where average speed reduced by 7.7 km/h 
when ISA was introduced. In addition a 9 km/h reduction 
in 85th percentile speed was observed. Average speeding fre-
quency also shows similar trends, with ASE having higher 
values in time and distance-based results for both routes. 
Effect sizes computed with respect to the intervention-free 

period on the control route were higher in magnitude when 
ISA was introduced.

A more detailed disaggregate analysis of mean speeds 
is shown in Figure 2 with 100 km/h and 110 km/h viola-
tion frequencies. Considering the maximum speed limit of 
100 km/h, we observe that for both interventions over 90% of 
trips violate the system. On the other hand, the proportion 
of trips that violate the 110 km/h speed is low with ASE, but 
even lower with ISA. This shows that the ISA system is more 
effective at the set threshold speed of 110 km/h. Although the 
ASE system on the enforcement route has higher violation 
frequencies than ISA, there is nevertheless an improvement 
compared with violation frequencies on the control route with 
no intervention. 
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Figure 1: (a) Route map, and (b) Route section
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Speeding frequency
Time-based speeding frequency results are shown in Figure 3, 
with six intervals of interest for each intervention and route. The 
results show that with ASE alone, high speeding frequencies are 
more common on both the enforcement and control routes, but 
less so when ISA is introduced. Similarly, low speeding frequen-
cies are more common when ISA is introduced, than with ASE 
alone. Furthermore, the relationship between mean speed and 
time-based speeding frequency is explored. In Figures 4(a) and 
4(b) the scatter plots and regression lines on the enforcement 
and control routes for each intervention are shown. Individual 
trips are plotted as separate points. These plots show that the 
drivers are generally habitual speeders even in the presence of an 
intervention. This is evident from the presence of many points 
situated on the top right quadrant of the graph. On the enforce-
ment route the ASE intervention has a steeper slope, indicating 
that introducing ISA was more effective in ensuring speed com-
pliance. Similarly, on the control route, with no intervention, the 
slope is slightly higher than that of the ISA system. This occurs 
because, with no intervention, the control route had a higher 
proportion of trips with low speeding frequencies than the ASE 
intervention on the enforcement route.

Speeding distribution
Using Gaussian kernel functions, Kernel Density Estimation 
(KDE) with a suitable bandwidth was applied to estimate speed 
distributions. From the results in Figure 5, it can be observed 
that all four distributions are negatively skewed, with the ASE 
distributions being more negatively skewed, while all kurtosis 
values are leptokurtic (more positive than that of a normal 
distribution). More interestingly, with the introduction of ISA, 
the distribution means reduce on both routes, showing that ISA 
contributes towards speed compliance more than ASE. The high 
peak of both ISA distributions shows that the system had a com-
pensatory effect on driving, especially around the ISA speed of 
110 km/h. The slight deviation of the ISA distribution peaks from 
the 110 km/h mark is also evidence of the ten seconds time lag 
before buzzing is triggered. Results show that the ISA system is 
more effective at achieving speed compliance than ASE on both 
the enforcement and control routes.

Fuel consumption
Driving speed plays a significant role in fuel consumption. As a 
result, interventions to promote speed compliance can have the 
added benefit of lower fuel consumption. Using the COPERT 
model, fuel consumption estimates were computed for each trip 
through the control and enforcement routes. On the enforcement 
route, the computed average consumption rate was 8.35 km/ℓ for 
ASE and 8.58 km/ℓ with the ISA system. On the control route, 
the computed average consumption rate was 8.36 km/ℓ for no in-
tervention and 8.63 km/ℓ with the ISA system. Compared to the 
control route with no intervention, ASE shows little or no change 
in the fuel consumption rate. However, with the ISA system, fuel 
consumption on the enforcement route improved by 3%.

Assuming that drivers keep to a 110 km/h speed limit, 
the maximum fuel consumption rate will be 8.2 km/ℓ 
(101.34 g/km), which happens to be the maximum rate for 
light-duty Euro II vehicles based on the COPERT model. This 
also explains why the ISA speed fixed at a 110 km/h does not 
result in remarkable reductions in fuel consumption rates. 

Figure 4:  Mean speed versus speeding frequency on 
enforcement (a) and control (b) routes 

Figure 5: Results of speed distribution estimates 

(a)

(b)
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However, comparing the fuel consumption of speed-compliant 
trips with the worst non-compliant trips reveals interesting 
results. With the ISA system active, some drivers were able to 
keep fuel consumption rates on the enforcement route as low as 
10.1 km/ℓ, corresponding to a 1.74 km/ℓ (17.2%) improvement 
compared with the 8.36 km/ℓ average, and a 1.9 km/ℓ (18%) 
improvement compared with the 8.2 km/ℓ maximum rate. On 
the other hand, the minimum fuel consumption rate observed 
on the enforcement route with ASE is 8.76 km/ℓ which cor-
responds to a 5% improvement compared with the 8.36 km/ℓ 
average on the control route without enforcement, and a 6% 
improvement compared with the 8.2 km/ℓ maximum rate. For 
each trip, a driver typically gets R500 as payment, and a fixed 
fuel budget of R3 500 from the owner of the taxi. The 17.2% im-
provement in fuel consumption with the ISA system could re-
sult in an increase in driver remuneration by about 120% from 
the fuel budget. Also, the 5% improvement in fuel consumption 
with the ASE system could result in an increase in driver remu-
neration by about 35% from the fuel budget.

CONCLUSION
The objective of this article was to compare and evaluate the 
efficiency of automated ASE and auditory ISA on informal 
public transport. ASE was chosen because it has been in-
stalled and operational for a sufficient length of time for such 
evaluation to be run, and while ASE appears to reduce average 
speeds of conventional vehicles, our research indicates that 
it is less effective for minibus taxis. The potential of ISA 
systems to supplement ASE, or indeed to run as an alterna-
tive to ASE, was then tested. This was established by running 
analysis tools on GPS data collected on an ASE enforcement 
route, and an adjacent control route without ASE. A buzzing 
auditory ISA was activated at a fixed speed of 110 km/h for a 
month. Data analysis algorithms and tools were then used to 
collect and compare results.

The main finding was that, with regard to the minibus taxi 
industry, improved speed compliance can be achieved with ISA 
systems rather than through ASE alone. With the known pro-
portionality between speed compliance and crash risk, this also 
implies that road safety can be improved with the parallel use of 
ISA systems. Previous investigation into low compliance associ-
ated with ASE showed that most minibus taxi drivers did not 
understand how the system operates and what was expected of 
them within the enforcement zone (Ebot Eno Akpa et al 2015).

Mean speeds, percentiles, speeding frequencies and speeding 
distributions measured on both the enforcement and control 
routes were similar, while ASE was active on the enforcement 
route. Not only were they similar, but they were characterised by 
high speed violation frequencies. Violation frequencies of 81.2% 
and 90.6% were measured on the enforcement and control routes 
respectively. This also shows that, despite the high violation 
frequencies, vehicles were more compliant on the enforcement 
route than on the control route, as would be expected. On the 
other hand, speed variables measured on both the enforce-
ment and control routes were similar while the ISA system was 
active. However, in addition to the similarity, unlike the ASE 
intervention, average speed violation frequencies decreased, and 
were shown to comply closely with the ISA speed of 110 km/h. 
Violation frequencies of 47.4% and 52.6% were measured on the 
enforcement and control routes respectively. This is 33.8 per-

centage points less than violation frequencies with ASE on the 
enforcement route, and 38 percentage points less than violation 
frequencies on the control route. Over 90% of trips violated the 
100 km/h legal speed limit for both ASE and ISA interventions. 
The improvement in compliance observed with the ISA system 
at a 110 km/h threshold suggests that an ISA system set at the 
actual speed limit of 100 km/h could also be influential in im-
proving compliance.

Furthermore, the introduction of the ISA system not only 
improved speed compliance, but also reduced fuel consump-
tion. Thus, for minibus taxis, ISA does not only provide safety 
as an incentive, but fuel economy as well. With the ISA system, 
fuel consumption rates as low as 10.1 km/ℓ (9.9 ℓ/100 km) were 
observed, while with the ASE system, low fuel consumption rates 
were around 8.76 km/ℓ (11.4 ℓ/100 km). Moreover, drivers can 
increase their remuneration by over 100% from the fixed fuel 
budget if they adhere to the speed limit. However, this does not 
seem to work as a self-regulatory incentive for compliance with 
speed limits and safe driving, probably because they are unaware 
of how much they could save, or simply because they are habitual 
speeders. There is therefore a need to train and educate minibus 
taxi drivers on fuel economy benefits. 

It has been suggested that, to ensure high speed compliance, 
ASE systems cannot exist as the sole intervention (Soole et al 
2013). The results in this article also confirm this assertion. In 
addition, poor driver understanding of the ASE system operation 
was identified as the main factor behind low speed compliance. 
The Western Cape government in South Africa experienced huge 
improvements in speed compliance as a result of this ASE system 
on the R61. However, from this study it is likely that minibus 
taxis which frequent this route do not contribute significantly 
to the observed improvements in compliance. This, therefore, 
suggests ISA technologies as supplementary interventions to ex-
isting ASE interventions, in addition to the need for driver edu-
cation on ASE system operation. Moreover, implementing ISA 
technologies come with many advantages due to the ubiquitous 
nature of GPS data, and opens doors for more advanced imple-
mentation solutions. However, the hurdles of user acceptance of 
ISA systems need to be transcended, and further research needs 
to be done to narrow down system requirements which may lead 
to driver overloading or distraction. Nevertheless, the prospects 
of simplified auditory ISA technologies on safety improvement in 
the informal public transport sector are high, based on its posi-
tive effects in this small-scale study.
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INTRODUCTION 
Many cities in the ‘global south’ face 
mounting pressures from rapid ur-
banisation, population growth and rising 
income inequality. The successful integra-
tion of public transport and land develop-
ment planning is likely to be central in 
determining how effectively these cities 
manage these pressures. Some research 
– associated with the advent of bus rapid 
transit (BRT) systems – into how best to 
integrate public transport and land devel-
opment planning has been undertaken in 
Latin America and Asia. While a number 
of sub-Saharan African cities, particu-
larly in South Africa, have commenced 
large-scale public transport reform, little 
research has been undertaken to date on 
appropriate public transport / land use 
integration in these contexts.

The initial phases of BRT corridor 
implementation in South African cities 
have highlighted the importance of 
supportive urban forms in facilitating 
public transport services that are not 
dependent on unsustainable operating 
subsidies. The City of Cape Town’s 
latest review of its Comprehensive 
Integrated Transport Plan (CITP), for 
instance, states that “… the operational 

requirements to run road-based public 
transport at the levels of service required 
by the CITP 2013–2018, in the current 
urban form of Cape Town, are proving to 
be financially unsustainable and could 
lead to significant long-term implica-
tions for the future roll-out of road-
based public transport … Dispersed 
urban form leads to passenger numbers 
being low along many routes, resulting 
in demand best met by small vehicle 
sizes and longer headways.” (CCT 2014) 
The City of Johannesburg has come 
to similar conclusions in its Rea Vaya 
Phase 1C Sustainability Study (CoJ 
2013). Clearly a better understanding of 
the prerequisite land use conditions for 
high-quality BRT systems is required, 
and technology choices should be made 
with due regard to the prevailing urban 
form (Del Mistro & Bruun 2012).

Population density has been widely 
accepted by South African city planning 
authorities as an important land use pre-
requisite, resulting in the formulation of 
density targets and densification policies. 
However, the effects associated with the 
spatial distribution of this density on the 
viability of adjacent public transport ser-
vices has not been investigated.

Articulated density
a study of its potential effects on the financial 
sustainability of South African BRT corridors
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STUDY METHOD
Due to scarce empirical data on South 
African land use characteristics and 
public transport operating costs, simula-
tion research was chosen to study the 
public transport / urban form relation-
ships. A public transport corridor oper-
ating cost model was therefore developed 
to simulate the effects of varying land use 
environments on public transport sys-
tems. The model expands an earlier ver-
sion developed by Del Mistro and Bruun 
(2012). This article focuses on just the 
simulations involving population density, 
density articulation and mode technology 
related to a BRT service.

Given the radial nature of many 
South African public transport networks, 
the model represents a triangular trans-
port corridor terminating at a Central 

Business District (CBD), as illustrated 
in Figure 1. The model comprises one 
trunk service route (thick black line) and 
ten feeder service routes (thin red lines). 
The length of the trunk route is 20 km, 
which is comparable to the 15 km of 

Cape Town’s Phase 1A, and 25.5 km of 
Johannesburg’s Phase 1A. 

The model analyses public transport 
service viability through authority cost, 
which represents the total cost of the service 
to the transport authority and includes:

Table 1: Densification targets in selected South African cities (after Jones 2014)

Targeted Areas

South African City / Municipality

Cape Town Tshwane Johannesburg Nelson Mandela Bay eThekwini

(CoCT 2012) (CoT 2012) (CoJ 2010) (NMBM 2007) (eThekwini 2013)

Entire urbanised city 
area (persons/ha)

83 - - 78 79

Activity spines 
(persons/ha)

393 150 - 340 209

Development / public 
transport trunk  
corridors 
(persons/ha)

208 150 232 238 209

Figure 1: Layout of the simulated transport corridor

Figure 2: Effect of varying population density on a 20 km corridor
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Figure 3: Orthographic projection of 20%, 43% and 80% density articulation on the simulated 
corridor representing population density as height 

Figure 4: Population density distribution of the Gauteng city region (SACN 2011)

Figure 5: Effect of varying density articulation on a 20 km corridor at 50 persons/ha and on a 10 km corridor at 100 persons/ha
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 N Capital investments
 N Operation and maintenance costs
 N Operator profit
 N Contracting costs
 N Loan repayments
 N Fare revenue.

POPULATION DENSITY 
Population density is defined in this study 
as the number of people residing within 
a specified gross area, per unit area. 
Population density affects the volume of 
passengers who utilise a public transport 
service. Density has garnered much of 
the attention in the land use / transport 
interaction research and the majority of 
studies are in agreement that population 
density is the most significant spatial 
factor in determining the viability of 
public transport services. It is said that 
density puts the ‘mass’ in mass transit. 
Density thresholds for viable public trans-
port are offered by various authors, and 
international empirical evidence suggests 
that urban gross population densities in 
the range of 140–190 persons per hectare 
(p/ha) are required. 

Various South African cities have de-
veloped densification policies that set den-
sity targets in relation to both the entire 
city area and public transport corridors.

In the population density simula-
tion, the aim was to analyse the direct 
causal effect of gross population density 
on public transport system viability. The 
population density was distributed evenly 
across the corridor and the non-residen-
tial land use distribution approximated a 
generic South African city with a strong 
CBD. The land use activity increased with 
population density to balance the trip 
origins and destinations. As the costs of 
the system naturally increase with the 
number of users, the authority cost is 
represented as a monetary value per pas-
senger trip served. 

Figure 2 illustrates that, apart from 
an initial sharp decline in authority 
cost, population density does not sig-
nificantly affect the viability of the BRT 
system in this case. This contradicts the 
consensus held by the majority of au-
thors of relevant literature, challenging 
the common proposition that achieving 

high population density targets and 
thresholds will lead to viable public 
transport. The contradiction may arise 
from the fact that, in empirical studies, 
high-density cities also have a generally 
more supportive land use environment, 
including a favourable density distribu-
tion pattern. Therefore, population 
density as a determinant is not being 
analysed in isolation, as it is in this case. 
An empirical example of unsupportive 
density, or ‘dysfunctional density’, is the 
city of Los Angeles. A relatively high, 
evenly distributed population density 
exacerbates congestion and the negative 
externalities associated with car travel 
(UN Habitat 2013).

A further problem with ‘dysfunc-
tional density’ is its effect on peak pas-
senger volume. If this representation of 
a South African transport corridor were 
to attain the city area gross population 
density target of Cape Town, 83 p/ha, it 
would result in a peak passenger volume 
of 64 377 persons per hour per direc-
tion (p/h/d). The observed ridership 
of the highest capacity BRT systems 



42 September 2015 Civil Engineering

is significantly below this, at 25 000 – 
35 000 p/h/d, even utilising express ser-
vices (Grey & Behrens 2013). Therefore, if 
one of the new BRT corridors resembles 
the one simulated in this model, the BRT 
system will reach capacity well before the 
density target is reached.

DENSITY DISTRIBUTION
The distribution of density across 
space is a recent addition to the group 
of urban form indicators. Strategically 
distributed density with regard to public 
transport trunk service proximity is re-
ferred to as ‘articulated density’ (Suzuki 
et al 2013). The distribution of popula-
tion density can impact upon service 
viability by increasing the proportion of 
public transport users within walking 
distance of the trunk route, which 
decreases the reliance on less viable 
feeder services. At the time of writing, 
no study could be found that simulates 
the effect of articulated density on 
public transport service viability. The 
density distribution simulation varies 
the distribution of the population, while 
keeping the distribution of other land 
uses the same as the previous scenario. 
Population density was set at 50 p/ha, as 
the peak passenger volume is just within 
the operating capacity of a BRT system. 

As of yet, there is no metric for how 
strategically the population density 
is distributed over the city area with 
regard to public transport trunk ser-
vice proximity. ‘Density articulation’ 
is proposed as this metric and was 
created by examining the distribution 
of density across different cities. The 
suggested measure for density articu-
lation is the percentage of the urban 
area’s total population that lives within 
walking distance of the trunk service 
route, given a specified gross popula-
tion density. At a percentage of 100, 
no person lives outside of the walking 
catchment areas of the trunk service 
stations, sometimes called the transit 
oriented development (TOD) areas. 
These TOD areas are represented by the 
green zones in Figure 1. At a percentage 
of zero, every person requires a feeder 
service to reach a trunk service station. 
The concept of density articulation is 
illustrated in Figure 3 using the model’s 
generic 20 km South African corridor. 
When the density is evenly spread 
over the catchment area, the density 
articulation is approximately 43%. The 

illustration on the right in Figure 3 has 
an 80% level of density articulation, a 
possible target for South African cities. 
To the left, a density articulation of 20% 
is applied, which, due to the prevalence 
of suburban housing and peripheral 
townships, has a close resemblance to 
the current South African context, il-
lustrated in Figure 4, using Gauteng as 
an example. 

Figure 5 illustrates that density ar-
ticulation has a larger effect on authority 
costs than urban gross population density. 
As density articulation increases, the reli-
ance on feeder services diminishes until 
the minimum allowable level is reached, 
leading to a halving of the authority cost 
across the range of values. However, due 
to the BRT’s operational capacity limits, 
the highest possible population density 
that can be achieved in the TOD areas is 
100 p/ha, well below the public transport 
trunk corridor density targets of the 
South African cities presented in Table 1 
(which range between 150 and 238 p/ha). 
In this scenario, peak passenger volume 
limits the analysis of density articulation 
at higher values of population density and 
possible further improvements to public 
transport service viability. By decreasing 
the length of the corridor, and therefore 
the catchment area, higher gross popula-
tion densities can be realised before the 
operational capacity limits are reached.

The second density distribution simu-
lation in Figure 5 analyses a 10 km cor-
ridor with an overall population density 
of 100 p/ha. The total corridor population 
is two thirds of the previous scenario, but 
due to the higher density increasing the 
public transport mode share, the average 
number of passenger trips served is 6% 
higher. The decrease in authority cost is 
not as steep as that of the 20 km corridor, 
which is due to a higher proportion of the 
corridor being within the TOD areas. As 
a result, the effect of leveraging density 
articulation to increase the gross popula-
tion density of the TOD areas is greatly 
diminished. Despite this, the shorter cor-
ridor and higher gross population density 
create a system that, at worst, costs one 
fifth of the previous system and at best 
generates a healthy profit. The peak pas-
senger volume is maintained within the 
capacity limits of the BRT mode. 

CONCLUSION 
Gross population density can have very 
little effect on the viability of a public 

transport system and many of the em-
pirical studies done on the relationship 
attribute the effects of corridor length 
and density articulation to population 
density. These effects are correlated with 
population density, but not caused by it. 
As a result, the South African population 
density targets could lead to negative im-
pacts on viability if densification occurs in 
the wrong areas. 

Density articulation appears to 
have a much stronger relationship with 
public transport viability. Prioritising 
this metric in South African BRT cor-
ridors could have substantial positive 
impacts on public transport operations, 
even at low gross population densi-
ties. Density articulation would be 
especially effective in South Africa’s 
long public transport corridors, but 
viability improvements are limited 
by the operational capacities of the 
services. Shorter corridors and smaller 
catchment areas are more supportive 
of public transport, despite density 
articulation being less effective. This 
means that the planning and policy 
focus needs to change, depending on 
the catchment area of the corridor. 

To achieve a high public trans-
port modal split and sustainable BRT 
service requires high densities, high 
articulation, small catchment areas and 
minimal feeder services. However, this 
study only analysed population density 
and distribution. Other land use char-
acteristics, such as employment distri-
bution, land use mix and polycentrism 
can also be leveraged to optimal levels 
to improve the financial viability of the 
South African public transport services. 
A detailed land use development plan 
should be created for each major public 
transport corridor, with unique land use 
targets. These plans would need to be 
integrated with those of the Integrated 
Rapid Public Transport Network plan 
and implemented proactively. 
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BACKGROUND 
Traffic gridlock in Stellenbosch has become a common sight, 
largely owing to the town being an intense trip attractor due 
to the high number of destinations in the town, including 
Stellenbosch University, good schools, a bustling central busi-
ness core and tourist appeal. All routes into Stellenbosch are 
severely congested during the morning with reverse congestion 
conditions in the afternoon. The result is significant delay and 
adverse environmental impact. These are some of the issues that 
the Stellenbosch Smart Mobility Laboratory (SSML), established 
in Stellenbosch University’s Faculty of Engineering in June 2014, 
aims to address while fulfilling its vision to provide a platform for 
the development of innovative and cost-effective transportation 
solutions for application in developing countries. 

This article considers the role of an academic facility such as 
the SSML in the research and development of new technology 
and data processing in engineering, and particularly in the field 
of Intelligent Transport Systems (ITS). The educational benefit of 

such a facility is considered, and the importance of interaction 
between industry and academia is discussed. 

ITS CONTEXT IN SOUTH AFRICA
Intelligent Transport Systems (ITS) is the application of informa-
tion and communications technology and data processing to 
the field of transportation engineering. ITS assists in managing 
transport facilities more efficiently, and can improve data collec-
tion of the operational characteristics of the transport network. 

ITS deployment is rapidly increasing globally, as well as in 
Africa. Advancements in communications technologies and the 
widespread use of technology enablers, such as smartphones, are 
creating new opportunities in ITS and providing impetus to the 
deployment of ITS projects. Individuals and vehicles are increas-

Moving towards smart 
mobility in Stellenbosch

ITS deployment is rapidly increasing globally, as 

well as in Africa. Advancements in communications 

technologies and the widespread use of technology 

enablers, such as smartphones, are creating new 

opportunities in ITS and providing impetus to the 

deployment of ITS projects. Individuals and vehicles 

are increasingly being equipped with technologies 

capable of monitoring their movement, leading 

to increased understanding of the mobility needs 

of individuals, and resulting in improvements to 

transport planning. 

Studying traffic signal phasing in the Stellenbosch Smart Mobility Laboratory 
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ingly being equipped with technologies capable of monitoring 
their movement, leading to increased understanding of the 
mobility needs of individuals, and resulting in improvements to 
transport planning. 

In South Africa, the 2010 FIFA World Cup had a significant 
impact on ITS development. In gearing up for the influx of visi-
tors to the country, various improvements to transport systems 
were implemented. Freeway Management Systems (FMS) were 
upgraded and deployed on the country’s freeways, especially in 
Cape Town, Gauteng and Durban. Electronic message boards 
and CCTV cameras were linked to traffic management centres, 
which were upgraded to serve as transportation operations cen-
tres during World Cup activities. 

A number of cities in South Africa started to implement 
Integrated Public Transport Networks, which continue to be 
rolled out with more routes and services being added. Importantly, 
decisions were made at national level about service standards 
and best practices that would be implemented for all integrated 
public transport services throughout the country. These standards 
included the utilisation of technology to enhance the service to 
public transport users. Bus fleets are managed from centralised 
operations centres, fares are paid using a smartcard, stations and 
buses are monitored continuously by CCTV cameras to improve 
public safety, and all activities are monitored and integrated with 
other transport services at central operations centres.  

Other important ITS projects that have been implemented 
in the last few years include electronic toll systems in Gauteng, 
and technologies associated with the Gautrain rapid rail system 
linking Tshwane, Johannesburg and Ekurhuleni. From the diver-
sity of ITS deployment, it is clear that ITS forms an important 
component of our modern transport system.

With this rapid implementation of ITS projects, we are chal-
lenged to ensure the readiness of the supporting industry to meet 
the ongoing demands for ITS application. The transportation 
industry requires the tools to coordinate day-to-day operations 
and maintenance of the systems while developing the technical 
knowledge to continually improve existing systems. The ITS 
programme at Stellenbosch University was established for this 
purpose – to meet the needs of a growing ITS industry with re-
gard to education, training and research.  

A SMART LAB FOR MOBILITY STUDIES
The Stellenbosch Smart Mobility Laboratory’s core objective 
is to provide a platform for the research and development of 
technology solutions that promote sustainable and safe mobility, 
specifically in developing countries. The SSML emphasises three 
main principles to achieve this objective:  

 N Encourage interaction between industry and academia
 N Promote multidisciplinary research
 N Test mobility solutions in real-world applications, specifically 
for developing countries. 

Industry partnerships
Through interaction between the ITS industry and the university, 
the SSML provides a unique opportunity to expose students to 
real-world projects while allowing industry to access research 
and advisory services. The SSML is in partnership with a number 
of industry service providers and implementing authorities. 
Through these partnerships the SSML has been allowed access 
to extensive traffic management systems and traveller informa-

tion databases which are being used in current research projects. 
Through these relationships, the SSML has also been equipped 
with state-of-the-art facilities, including software for various 
transportation and simulation programs, and hardware including 
traffic signal controllers. 

This equipment and data are used by students while con-
ducting research into mobility improvements. Additionally, the 
SSML provides research support to industry for specifically re-
quested applications. Projects include analysis of network capacity 
constraints, development of traffic monitoring and management 
methods, information dissemination installations, development 
and testing of new hardware and software applications, and cus-
tomising technologies for the developing country market.

Research focus 
The SSML promotes the development of postgraduate students 
in the ITS field by providing a platform for multidisciplinary 
research. The ITS sector is deeply transversal in nature, and 
gathers members from a broad range of disciplines. The SSML 
facility provides the opportunity for a number of research en-
vironments, including transportation engineering, electronic 
and electrical engineering, industrial and systems engineering, 
Geographic Information Systems (GIS), economics and statistics 
to work together on common mobility projects. The SSML can 
therefore stimulate the added value of existing and new synergies 
by joining diverse core competencies that are distributed across 
a wide range of departments on the Stellenbosch University 
campus and industry. 

The SSML research focus is aligned with current interna-
tional trends in ITS, including research and product development 
in the following key areas:

 N Smart City: Transport-related Smart City initiatives use data 
analysis and communications technology to improve infra-
structure use and management. Research areas include public 
transport applications, parking solutions, Travel Demand 
Management initiatives, and the application of big data to 
human movement and transport planning.
 N Connected Vehicle / Connected Traveller: Communications 
technology is applied to vehicles and transport facilities to 
improve interaction between users. Research is specific to the 
developing world context and the use of probe data.
 N Freeway management: ITS allows the optimisation of trans-
port infrastructure through the monitoring and management 
of freeway incidents and data gathering, for example from 
Open Road Tolling.
 N Traffic control optimisation: Research is conducted into im-
provements of intersection control and traffic signal operation. 

Test-bed environment
The SSML provides a practical test-bed environment in 
Stellenbosch. ITS applications are first modelled using traffic 
simulation software in the lab, and are then implemented and 
tested in a real-world environment while the effects on the trans-
port system are monitored from the SSML. This allows projects 
to be tested in a developing-world environment while also re-
sulting in improvements to the Stellenbosch transport situation. 
The lessons learned through implementing and testing the effects 
of SSML research projects will be used to inform development of 
ITS projects in other towns and cities of South Africa, and other 
developing countries. 
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Student development 
The formation of the SSML has allowed Stellenbosch University 
to incorporate state-of-the-art ITS applications into the under-
graduate Transport Science curriculum, and allows specialisation 
in ITS at a postgraduate level through specific research projects. 

In the undergraduate civil engineering curriculum, students 
are introduced to ITS in the introductory Transport Science 
course. The lab allows the physical demonstration of new 
technology developments in the transport field. Students are 
introduced to traditional data collection methods, as well as to 
new ITS methods, such as the use of probe data in travel time 
and speed analysis. The traffic signal installation of the SSML 
will be used this year for the first time to introduce students to 
an actual traffic controller when dealing with theory on traffic 
signal timing. The SSML provides a physical location to expose 
students to the ITS environment specifically, but also to trans-
portation in general to foster their understanding and interest in 
this field of engineering.

At a postgraduate level, the SSML is positioned to expose 
students to actual ITS projects and research needs through 
its partnerships with industry. The SSML considers it vital for 

students to gain experience of industry during the postgraduate 
programme, thereby improving the work-readiness of graduates. 

STELLENBOSCH: THE IDEAL TEST-BED ENVIRONMENT
With the support of the university, Stellenbosch is the perfect 
location to study ITS applications, providing an ideal real-world 
test-bed environment. Conditions that make this area favourable 
for mobility research include: 

 N good but limited connectivity
 N quantifiable traffic flow
 N existing congestion
 N parking limitations, and 
 N rail connectivity. 

The Stellenbosch Local Municipality, which includes the towns 
of Stellenbosch, Franschhoek and Pniel, has a population of 
156 000 according to the 2011 Census. Approximately half of 
the municipality’s residents live in Stellenbosch. Stellenbosch 
University, located in central Stellenbosch, has approximately 
30 000 enrolled students and permanent employees. According 
to a study conducted by the Stellenbosch Municipality in 2009, 
one third of students live on campus in Stellenbosch central, 
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another third in the town and surrounding neighbourhoods, and 
one third in surrounding towns and Cape Town.

Stellenbosch is well connected with five arterial routes that 
provide access to the town from surrounding areas. The arterials 
form a basic radial configuration, extending from the town centre. 
In Stellenbosch, the five radial arterial routes come together to form 
a single north–south arterial road west of the town centre – Adam 
Tas Road. Collector roads extend predominantly in an east–west 
direction from the arterial into the town centre. As the accesses are 
well defined and limited to only five arterial routes, traffic flows into 
and out of Stellenbosch are easily monitored.

The general traffic direction is towards the Stellenbosch 
town centre during the morning peak traffic period, and out 
of Stellenbosch to surrounding areas in the afternoon peak, as 
would be expected of a net trip attractor. 

Drivers in Stellenbosch experience very high congestion 
along the arterial routes during the morning and afternoon peak 
traffic times. Progression along the arterial roads is slow and very 
often hampered at traffic signals by upstream grid-lock condi-
tions. Furthermore, parking demand within the town and on the 
university campus exceeds capacity, and mobility on campus and 
through Stellenbosch is severely constrained. 

THE STELLENBOSCH MOBILITY SITUATION
An example of current research being conducted by the SSML is 
the quantification of congestion in Stellenbosch. This is required 
at the outset of SSML activity to provide comprehension of the 
study environment, as well as to set a benchmark for measuring 
the outcomes of research initiatives. 

Operational performance of a transport network can be 
determined through comparison of travel time and speed. 
Slower speeds are indicative of increased congestion and re-
duced performance along a road. As traffic volume increases, 
density of vehicles increases and average traffic stream speed 
decreases to accommodate the reduced following distances. 
The SSML has used innovative techniques to quantify traffic 
congestion in Stellenbosch by studying speed and travel times 
obtained from probe data (data obtained from vehicle sensors) 
on the arterial routes. 

Travel time probe data allows a comparison of travel time and 
speed averaged over a selected period which reduces the impact 
of a particular event on traffic flow. This information allows a 
comparison of the travel time along the route, plotted by a time-
distance graph, as presented in Figure 1 for the morning peak hour 
along the R44 south of Stellenbosch. Slower speeds are indicated 
by an increase in gradient. By investigating areas of increased gra-
dient, areas of congestion and queue formation can be identified.

Traffic on the outskirts of Stellenbosch during the morning 
peak hour, especially along Strand Road (R44 south) and the 
R304, is highly congested, with speed affected up to 6 km from 
town. During the afternoon peak hour, congestion on the arterial 
network on the outskirts of town is less intense than during the 
morning peak hour. However, roads within central Stellenbosch 
are more highly congested than in the morning, particularly 
along Adam Tas, with an average speed of less than 10 km/h. 
Typical additional delays experienced on this arterial during 
peak periods range between 17 and 20 minutes. These numbers 
are clear indicators of a worsening traffic situation and the ideal 
environment for the SSML to make a contribution in addressing 
these challenges.

THE SSML TEAM
Johann Andersen is the programme manager of the SSML and an 
Industry Associate Professor in ITS at Stellenbosch University. 
He teaches ITS principles in graduate and undergraduate civil 
engineering programmes and guides research in ITS. 

Megan Bruwer is the SSML project coordinator managing 
SSML research and advisory projects, and industry interaction. 
Megan also lectures transportation engineering at Stellenbosch 
University to undergraduate students. 

The SSML team is augmented by international interns and 
enrolled postgraduate students studying in the field of ITS at 
Stellenbosch University.

CONCLUSION
The SSML is anticipated to have a significant and beneficial 
impact on the teaching of transportation engineering at 
Stellenbosch University in both the undergraduate degree and in 
postgraduate research in the field of ITS. The support of industry 
in this endeavour is considered vital to the success of the SSML, 
both in providing hardware and software for research purposes, 
and in providing students with access to industry projects.

In preparing graduates for the ITS environment, the SSML 
will support the industry in meeting demands to develop, coordi-
nate, operate and maintain ITS projects by providing education, 
training and research opportunities in this field. South Africa 
has been experiencing a period of intense development in the 
transport sector, and particularly ITS. This momentum must be 
maintained for South Africa to develop in line with international 
trends, and to ensure that our infrastructure is used optimally. 



48 September 2015 Civil Engineering

BACKGROUND
According to the National Traffic Information System, there are 
currently around 11 million registered vehicles on South African 
roads (National Department of Transport 2014). This number is 
increasing at an alarming rate, which requires that roads be up-
graded continually. The study of traffic flow estimation is used to 
evaluate how well a particular road segment is accommodating 
traffic, as well as to determine the priority of road upgrades. 
Current traffic monitoring techniques make use of intrusive 
static sensors in the form of inductive loop detectors, IR detec-
tors and radar guns (Thies et al 2013). Visual monitoring is often 
done manually with the operator watching hours of video footage 
while counting the cars as they pass through an area. Two of the 
significant problems associated with the above-mentioned tech-
niques are that they are intrusive and time consuming. Traffic 
cameras are mounted around most urban areas and are used pri-
marily for security reasons. In the City of Cape Town alone there 
are around 300 traffic cameras streaming live video directly to 
the Traffic Message Channel (TMC) database. The cameras cover 
the majority of the roads throughout Cape Town, and could 
therefore provide unparalleled access to essential video data.  

AIMS AND OBJECTIVES
The project proposes a novel solution to automate traffic flow 
estimation using computer vision. It also introduces the notion 
of making the recording equipment mobile by using drone-based 
equipment, thereby negating the need for fixed recording instal-
lations. The results demonstrate measurement accuracies of 
100% down to 81% from ideal to worst case conditions, and suc-
cessful implementation of drone control algorithms.

Andrew de Bruin
Department of Electrical and 
Electronic Engineering
University of Stellenbosch
andrewdbrn@gmail.com 
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Drone-based traffic flow estimation 
and tracking using computer vision

The autonomous drone-based traffic flow 

estimation system can effectively be separated into 

two parts. The first part consists of the computer 

vision system used to detect and calculate vehicle 

velocities for calculation of key traffic metrics. The 

second part involves the design of an autonomous 

target tracking and landing system for the 

unmanned aerial vehicle (UAV).
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SYSTEM DESIGN
The autonomous drone-based traffic flow estimation system can 
effectively be separated into two parts. The first part consists of 
the computer vision system used to detect and calculate vehicle 
velocities for calculation of key traffic metrics. The second part 
involves the design of an autonomous target tracking and landing 
system for the unmanned aerial vehicle (UAV).

TRAFFIC FLOW ESTIMATION 
A main traffic flow algorithm is required to automatically detect 
the number of vehicles that pass through a given area, as well 
as to determine their relative velocities. Once the vehicles are 
detected and their velocities estimated, they are classified ac-
cording to relative size (motorbikes, cars and trucks). 

A particularly challenging aspect was to design a system that 
relied entirely on visual references. The idea was to design and 
implement a non-intrusive system that makes use of existing traffic 
cameras placed around a city. It is important to note that traffic 
cameras need not be the only source of video feed. The idea is to 
eventually incorporate an unmanned aircraft into the system that 
can autonomously fly to remote locations which might not currently 
have an established traffic camera network. The system is required 
to be extremely flexible in order to accommodate a variety of dif-
ferent video sources, and therefore relies heavily on highly adaptive 
computer vision techniques to compute all traffic metrics.

The key challenge to realising the system is to successfully iden-
tify and track objects in a video stream. The background subtraction 
(BS) technique, for use in computer vision, is designed to success-
fully differentiate a moving object from its corresponding static 
background scene. The system discussed in this article makes use of 
the BS technique for the detection and tracking of passing vehicles. 

To conduct background subtraction, it is necessary to obtain 
a model of the static background scene. Background modelling 
consists of two primary phases – phase one is responsible for 
background initialisation, while phase two is aimed at updating 
the background model.

The use of the BS algorithm does not provide a complete solu-
tion with regard to object detection. A particular disadvantage of 
using the MoG (mixture of Gaussian) technique, is that the object 
shadows tend to be classified as part of the foreground. The reason 
for this is that shadows share the same movement patterns as the 
objects that create them. Shadows also tend to exhibit similar pixel 
intensity characteristics as the corresponding foreground objects 
(Lovell et al 2012). When two vehicles are in close proximity to 
each other, their corresponding shadows make them appear as a 
single object leading to reduced tracking and counting accuracy. 

The shadow detection technique used in this system is based 
on the chromaticity characteristics of shadows. Chromaticity is 
a measure of colour that is independent of intensity (Lovell et al 
2012). The idea behind the method of chromaticity is to detect 
shadows based on their pixel characteristics. Once the frame 
coordinates of the shadow pixels have been identified, the cor-
responding pixels are subsequently removed from the foreground 
mask (result of the background subtraction) before being put 
through a bilateral filter to minimise noise. 

Traffic flow estimation theory does not only depend on the 
number of vehicles passing through a specific road location, but 
on the relative velocities of the vehicles as well. Vehicle veloci-
ties are usually obtained using radar guns, inductive loops and 
IR counters (National Research Council 2010). However, these 

methods are seen as intrusive, as additional hardware needs to 
be incorporated into the existing road structure. A particularly 
attractive alternative is to use the existing camera infrastructure 
to automatically compute relative vehicle velocities.

Optical f low tracking provides a way of determining pixel 
displacement between consecutive frames. Optical f low oper-
ates under two primary assumptions. The first assumption is 
based on the fact that the pixel intensities of an object should 
remain constant between consecutive frames (OpenCV 
2011). The second assumption is that neighbouring pixels will 
have a similar motion to that of the pixel under observation 
(OpenCV 2011). 

Autonomous traffic flow estimation is recognised as the fun-
damental core of this system. Determining the total vehicle count 
and respective vehicle velocities was a necessary step in computing 
traffic flow metrics. It was decided that the following metrics 
would be useful in describing uninterrupted traffic flow data: 

 N Time mean speed (TMS)
 N Volume
 N Flow rate
 N Density
 N Peak Hour Factor (PHF), and 
 N Level of service (LOS). 

Figure 1: Raw background subtraction (BS) frame

Figure 2: Shadow removal

Figure 3: Optical flow vectors
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Once the system is able to identify the number of vehicles 
moving through a particular road segment (background subtrac-
tion) and their corresponding velocities (optical flow tracking), 
the above-mentioned traffic flow metrics are then autonomously 
generated based on predetermined equations described by the 
Highway Capacity Manual (National Research Council 2010).

AUTONOMOUS AIRCRAFT
Autonomous aircraft is included to provide a novel form of au-
tonomy for future traffic analyses. The idea is that the drone will 
eventually fly to pre-determined destinations using a GPS naviga-
tion system. Once the drone is within visual range of the landing 
platform, a unique identifier in the form of a checkerboard pattern 
will be used as a reference for the visual target tracking system. 
When the control system has stabilised the drone in front of the 
target, an autonomous landing system will land the drone on the 
platform below. The drone's front-facing camera can then be used 
as a mobile substitute for the static pole-mounted traffic cameras. 

In order to detect whether a checkerboard shape is currently 
in the frame, each frame is converted to a greyscale image to 
maximise the distinction between the black and white checked 
squares. The frame is then put through a binary threshold func-
tion before a pattern recognition algorithm is used to identify 
the location of the checkerboard. Figure 4 shows the drone’s 
on-screen display once the target has been identified. An algo-
rithm, running on the ground station, determines the translation 
and rotation of the checkerboard in 3D space. This information 
is then used by a feedback PID control system to automate the 
drone's flight and ultimately stabilise it at a set distance from the 
target position. 

RESULTS AND CONCLUSIONS
This article addressed two key challenges in the field of traffic 
flow estimation – laborious manual vehicle counting, and the 
need for multiple and fixed recording infrastructure. The former 
challenge was addressed by automating vehicle detection and au-
tomatic calculation of traffic flow metrics using computer vision 
techniques. The latter was addressed by introducing drone-based 
recording equipment that uses pole-mounted landing platforms 
making it especially useful in remote and fiscally-challenged 
areas. The results demonstrate that the solutions work with high 
accuracy, with detection ranging from 81% to 100%, and 100% 
landing accuracy for the drone.

A demonstration video of the complete system is available at:
http://goo.gl/jT7lke

REFERENCES
http://dx.doi.org/10.13140/RG.2.1.1024.6888 

Figure 4: The drone’s on-screen display once the 
target has been identified
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BACKGROUND
One of the prevalent trends in the contemporary mobile in-
dustry is the use of the powerful integrated sensors in mobile 
devices to gather and process information in our everyday lives, 
a trend which branches from the biggest buzzword in modern 
electronics: The Internet of Things. These sensors have yet to be 
properly implemented to monitor one of the most perilous parts 
of our everyday lives, namely commuting. The advent of smart-
phone-based sensing could provide a simple, inexpensive way to 
identify and reduce reckless driving.

The accelerometer features prominently in most proposed 
vehicle monitoring and reckless driving detection systems 
(Zeeman et al 2014; Schietekat et al 2013; Engelbrecht et al 2014). 
In vehicle monitoring it is imperative to distinguish between ac-
celerating, decelerating and lateral acceleration, since this data 
can be used to identify and classify driving manoeuvres and 
events effectively. Accurate coordinate acceleration data is there-
fore the main concern of this project.

Accelerometers, however, measure what is known as proper 
acceleration (the acceleration relative to a free-falling point), not 
coordinate acceleration (the acceleration relative to a stationary 
point). The proper acceleration of an object that is stationary 
with respect to the earth will therefore be 1 G (1 x 9.81 m.s-2) 
upwards in the earth axes.

Within a vehicle monitoring system there are three sets 
of axes of concern: the earth axes, the vehicle axes and the 
sensor axes. In a dynamically moving vehicle with a smart-
phone-based sensor providing measurements, these axes are 
not necessarily constrained by known or fixed orientations 
relative to one another. The accelerometer measurement in 
the sensor axes will therefore be corrupted by the effect of 
gravity with an unknown orientation.

The effect of gravity can be removed from the proper acceler-
ation reading (in the sensor axes) if the orientation of the sensor 
axes relative to the earth axes can be found. The coordinate ac-
celeration in the sensor axes can be rotated from the sensor axes 
to the vehicle axes if the orientation of the sensor relative to the 
vehicle can be determined, thereby yielding the coordinate ac-
celeration in the vehicle axes.

AIMS AND OBJECTIVES
The aim of this project is therefore to present a way of quantita-
tively measuring, recording and displaying the acceleration of a 
vehicle along its own axes – with the effect of gravity removed – 
to enable reckless driving detection. This is to be done using only 
the sensors commonly found in a smartphone (accelerometer, 
gyroscope and magnetometer).

PROJECT DESCRIPTION
For this project, the use of a smartphone and smartphone-based 
sensors was emulated by using a sensor hub (gyroscope, acceler-
ometer and magnetometer) connected via USB to a mobile com-
puter running the software-based estimator. The basic operation 
of the software-based estimator can be summarised as follows:

Vehicle acceleration estimation 
using smartphone-based sensors
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1. The system is initialised while the vehicle is stationary.
2. As the vehicle accelerates for the first time after start-up, the 

orientation of the vehicle relative to the sensor is calculated.
3. The orientation of the sensor relative to earth is calculated.
4. The known gravitational acceleration is rotated from the 

earth axes to the sensor axes.
5. The gravitational acceleration in the sensor axes is then 

subtracted from the current acceleration measurement in the 
sensor axes.

6. The resulting gravity-free acceleration is then rotated from 
the sensor axes to the vehicle axes.

Steps 3 to 6 are repeated to update the acceleration estimation. 
These steps are discussed in more detail in the sections following.

Calibration
The sensors are assumed to be stationary for the first 200 
cycles of the program (4–8 seconds, processor dependent). 
During this time, and continuing until the sensors are de-
tected to be moving (accelerating), a moving average and vari-
ance of 200 samples is calculated. The moving average of the 
acceleration is used as an estimate of the earth's gravity in the 
sensor axis, while the mean gyroscope reading is used as the 
constant gyroscope bias and is subtracted from all subsequent 
gyroscope data. The calibration for the magnetometer is done 
by subtracting the lowest value encountered from the reading 
and then dividing by the difference between the highest and 
the lowest value encountered. 

Calculating the orientation of the vehicle relative to the sensor 
The calibration of sensors stop and the recording of the first 
acceleration starts when the device starts moving (acceler-
ating). The transition from stationary to accelerating is, for this 
project, defined by a sustained difference between acceleration 
magnitude and the mean of the acceleration up to that time. 
The first acceleration is recorded and the orientation of the 
vehicle relative to the sensor is calculated using the direction of 
the first acceleration in the sensor axes, the direction of gravity 
in the sensor axes and the assumption that gravity lies in the 
vehicle's X–Y plane.

The objective is to find the quaternion (a four-dimensional 
complex mathematical representation of a rotation) describing 
the rotation from the sensor axes to the vehicle axes. An objective 
function which can be minimised to find the most accurate qua-
ternion rotation  qS

V  is shown in Equation 1.

f(qS
V, dV, mS ) = qS

V  dV  q'S
V – mS (1)

where dV represents the direction of the front of the vehicle 
in the vehicle axes and mS is the normalised measurement of the 
first acceleration in the sensor axes.

dV = 0 + 1i + 0j + 0k (2)
mS = 0 + mxi + myј + mzk (3)

The objective function is minimised by using the gradient 
descent method. 

Calculate the orientation of sensor relative to earth
To avoid local minima with the gradient descent algorithm, an 
informed guess is made as to the initial orientation of the sensor 
relative to earth using the estimated direction of gravity.

Initialise Unscented Kalman Filter
An Unscented Kalman Filter (UKF) is used to combine acceler-
ometer, gyroscope, magnetometer and vehicle dynamics data in 
a way that maximises the probability of a correct estimation of 
the sensor's orientation relative to the earth axes. The parameters 
needed to initialise a UKF are:

 N Transition function – f
 N Observation function – g
 N Transition covariance – Q
 N Observation covariance – R
 N Initial state mean – μ0

 N Initial state covariance – Σ0

Y-
Ax

is

X-Axis

Y-
Ax

is
X-
Ax

is

Z-AxisY

Figure 1: Illustrations showing the conventions for the orientations 
of (a) the sensor axes, (b) the vehicle axes, and (c) the earth axes
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The optimal state vector is chosen as the four-part quaternion 
orientation with the three-part rotational velocity appended as 
shown in Equation 4.

xk = [q1, q2 , q3 , q4 , ω1, ω2 , ω3]
T (4)

A combination of the two objective functions similar to that 
in Equation 1 (one for the accelerometer reading and the 
vertical y-axis and one for the magnetometer reading and 
magnetic north) is minimised by using the gradient descent 
method to obtain an estimate of the orientation of the sensor 
relative to earth.

The four-part quaternion orientation calculated here is 
combined with the three-part gyroscope reading to provide an 
observation vector (shown in Equation 5) for the UKF.
xk = [qm1, qm2, qm3, qm4, ωm1, ωm2, ωm3]

T (5)

Update Kalman filter
For the first run, the Kalman filter is updated with the same 
mean and covariance used to initialise the filter, as well as the 
observation vector defined in Equation 5. For each iteration of 
the system, the Kalman filter is updated with the mean and co-
variance output from the previous Kalman filter iteration, as well 
as the new observation vector.
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Figure 2: A flowchart illustrating the basic program operation

Figure 3: An illustration of the rotation qE
S and how it is 

estimated using an accelerometer reading

Figure 4: A data flow diagram illustrating the underlying flow 
of data within the system



54 September 2015 Civil Engineering

Rotate gravity from the earth to the sensor axes
The magnitude of gravity in the earth axes can now be rotated 
into the sensor axes as shown in Equation 6. 

gS = qE
S gE  qE

S (6)

Remove gravity from acceleration measurement
This gravitational acceleration in the sensor axes can now 
be subtracted from the sensor measurement as shown in 
Equation 7. 

a
-

S = aS – gS (7)

Rotate resultant acceleration to vehicle axes
The resulting acceleration in the sensor axes can now be rotated 
to the vehicle axes as shown in Equation 8.

a
-

V = qS
V a

-
S  q'S

V (8)

Record and visualise acceleration
The resultant calculated acceleration data is visualised to better 
facilitate the comprehension of what has been achieved in this 
project. The data is also recorded to enable the analytical meas-
urement of the accuracy of the results. 

The data is displayed using Visual Python. A 3D set of axes 
that represent the earth's axes are displayed in green, and a red 
object from which the orientation is easily identifiable represents 
the vehicle's axes. The orientation of the red object is defined by a 
combination of the quaternions qE

V and qS
V as shown in Equation 9.

qE
V = qE

S  qS
V (9)

The position of the red object relative to the origin represents 
the instantaneous acceleration of the vehicle in the vehicle axes. 
Examples of the 3D model's orientations and positions are shown 
in Figure 5. The magnitude of the acceleration is also shown by 
the bars in Figure 6.

TESTING AND RESULTS
The testing of the system proved to be a non-trivial task, as a 
known acceleration with a constant known sensor orientation 
is difficult to reproduce. The novel tests in Table 1 were imple-
mented to thoroughly test the system and quantify errors. 

As the system is designed to be used in a vehicle, tests were done 
with the sensor in a secure position in the vehicle. For all tests, the 
normal calibration procedure is followed where the vehicle remains 
stationary on a road with a level horizontal gradient for the duration 
of calibration and is then accelerated forward in order for the system 

Table 1: The various tests done and the motivations for doing them

Test Motivation

Stationary test
Used as a baseline and to quantify sensor 
noise.

Constant speed 
and level road test

To quantify the noise contributed by vibra-
tions and road irregularities at different 
speeds.

Deceleration test,  
no incline

To compare theoretical average x-axis 
deceleration over an interval with the 
average measurement over the interval.

Deceleration test 
on an incline

To test whether gravitational acceleration 
influences the measurements and if the 
vehicle–sensor orientation can be  
correctly calculated on an incline.

Constant speed 
and varying incline 
test

To test if the system can adjust for sudden 
changes in incline.

Constant speed 
and turn radius test

To test for accurate lateral  
acceleration data.

Figure 5: Screen shots showing the position and orientation of the 3D model for situations where the vehicle is (a) not 
accelerating, (b) on an incline at constant speed, and (c) accelerating on a level road 

Figure 6: A screen shot of the acceleration bars displayed 
by the program. The size of the bar increases with the 
magnitude of acceleration in each axis. The colours of 
the bars also vary from green for small acceleration 

magnitudes, to red for large acceleration magnitudes

Y Y Y

X X X

Z Z Z

Lateral acceleration

Vertical acceleration

Forward acceleration



Civil Engineering September 2015 55

Head Office: 12 Commercial Road, Wadeville, Germiston, 1422  
Tel: 011 323 2000 / Fax: 011 902 1112 / Web: www.tosas.co.za
Email: quotes@tosas.co.za / Branches: Spartan: 011 974 1971
Worcester: 023 342 0609 / Namibia: 0026 (46) 722 1942
Botswana: 00267 391 4957 / Bloemfontein: 051 435 0214
East London: 043 745 0595 / Hammersdale (KZN) – 082 492 3833 Binder Excellence

to determine the orientation of the sensor relative to the vehicle. All 
speeds are measured and saved programmatically with a GPS.

Summary of results
Comprehensive vehicle testing of the final system was done and 
the measured results were compared to theoretically calculated 

results. All results were accurate and promising, except for the 
sustained lateral acceleration test. 

The minimal acceleration error in the vehicle’s x-axis and 
z-axis during constant speeds shows that acceleration events of 
30 mG or more are detectable by the system. This opens doors 
for, not only reckless driving detection, but applications where 
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Figure 7: A graph showing the acceleration data for a deceleration from 80 km/h to stationary on a constant incline
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smaller accelerations are of concern, such as road quality detec-
tion, lane control and swerve detection, and efficient cruise-
control algorithms. The vehicle's x-axis acceleration does not 
notably change due to changes in incline, indicating that the 
effect of gravity is effectively eliminated and that the resulting 
acceleration represents an accurate coordinate acceleration and 
not a proper acceleration. 

The acceleration tests also indicated that the vehicle's x-axis, 
y-axis and z-axis acceleration data vary, independently proving 
that the resulting acceleration data is rotated accurately to the 
vehicle’s axes. One problem area was identified. The assumption 
that the effect of a vehicle’s yaw with respect to north on reckless 
driving detection is negligible, adversely affected the operation of 
the Kalman filter. 

PROJECT STATUS
The next step for further advancing this project is a thorough survey 
of methods for detecting and classifying reckless driving via smart-
phone, as well as the adaptation of this system to run completely on 
a smartphone-based platform, with the final goal being the develop-
ment of a complete and effective smartphone-based reckless driving 
detection system. A survey titled “Survey of smartphone-based 
sensing in vehicles for intelligent transportation system applica-
tions” has been completed by the authors and is awaiting publication 
in the IET Intelligent Transport Systems journal. The authors’ latest 
work pertains to the development of a complete smartphone-based 
reckless driving detection system.

CONCLUSION
The goal of this study was to remove the effects of gravitation 
vector from the acceleration measured by a smartphone in a 
vehicle. This was done to enable detection of reckless driving 
behaviour which is primarily based on vehicle acceleration. 
The objective was met by using the gyroscope, magnetometer, 
and acceleration sensors with an Unscented Kalman Filter 
and quaternions to estimate the gravitation acceleration. The 
estimated gravitation vector is then removed from the accelera-
tion vector measured by the smartphone to determine vehicle 
acceleration. The results show that the system enables accurate 
measurement of reckless events under various conditions. A 
video demonstration of the detector in action in a vehicle can 
be found at https://youtu.be/c3QpE-namqw, or by scanning the 
QR code below. 
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Watch the video demonstration of 
the detector in action in a vehicle at 
https://youtu.be/c3QpE-namqw, or 
by scanning the QR code 
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INTRODUCTION
Fatigue is one of the most commonly experienced problems 
amongst long-distance drivers and results in a significant, but 
unrecorded, number of crashes each year. There are two main 
problems with fatigue.

The first is that, without an internationally recognised or 
accepted definition of fatigue, it is difficult to identify, catego-
rise or measure. 

Secondly, the physical manifestations are difficult to 
detect without the use of invasive, high-tech and resource-
intensive technology. 

This has led to a gap in legislation and traffic management 
practice where fatigue is regarded largely as un-prosecutable. In 
fact, in many countries including South Africa, fatigue is not fully 
defined as an offence under traffic legislation, and hence remains a 
form of driver behaviour that cannot be effectively targeted.

Studies by Rupp et al (2007) proved that sleep-deprived 
drivers behave similarly to drunk drivers. A driver that has been 
awake for 18 hours has an impairment equivalent to a blood 
alcohol concentration of 0.05%. At 24 hours the equivalence is 
around 0.1%. 

Given the prevalence of fatigued driving and its conse-
quences in fatal crashes, the option of ‘doing nothing’ is not 
acceptable. In South Africa long-distance driving is common, 
and often involves heavy goods vehicles (HGVs). In 2010, 51.73% 
of fatal crashes in South Africa occurred during the hours of 
darkness (RTMC 2011). Fatigue is clearly playing a key role in our 
crash statistics. 

This article presents some of the international developments 
in fatigue – specifically in legislation and methods of fatigue de-
tection – that may have value to road safety practitioners in the 
South African context.  

This article is a shortened version of a paper 
which received a 2015 commendation from 
SAICE’s Transportation Engineering Division for 
its Best Paper by a Young Professional award. 
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DEFINING FATIGUE
Although various researchers have defined fatigue, there is 
no consensus on it. Elements commonly addressed include a 
subjective sense of fatigue, physiological changes and effects on 
performance. One useful definition is offered by Shen et al (2006) 
who define fatigue as “an overwhelming sense of tiredness, lack 
of energy and a feeling of exhaustion, associated with impaired 
physical and cognitive functioning”. This definition becomes less 
useful when it comes to developing a watertight definition for 
prosecution purposes. 

Fatigue is complex in both definition and in origin. It has 
many underlying potential causes. These include sleep depriva-
tion, interrupted or fragmented sleep, circadian factors associ-
ated with driving patterns or work schedules, undiagnosed 
or untreated sleep disorders, the use of medications, and the 
consumption of alcohol when tired (Lucidi et al 2002; May & 
Baldwin 2009). 

INFLUENCES OF FATIGUE ON DRIVER PERFORMANCE
Two main factors influencing fatigue are sleep deprivation, and 
sustained task performance (Phillips 2014). Sleep deprivation has 
been shown to have significant impact on cognitive functions of 
the brain, including alertness, perceptual skills, reaction times 
and decision-making (Curcio et al 2001; Lim & Dinges 2010). 
Sustained task performance brings additional problems – the 
longer a task is performed, the worse it is carried out.  

Fatigue, being the result of lack of sleep, or a sustained time 
driving, or a combination of the two, has the potential to affect 
every aspect of a driver’s performance. Fatigued drivers are gen-
erally unable to fully gauge the extent of their own impairment, 
which increases the probability of an accident occurring.  

DIAGNOSING FATIGUE 
In fatal crashes fatigued drivers are commonly only identified 
by a lack of evidence of other factors, as well as no indication of 
evasive manoeuvres. The reason here is that fatigued drivers lose 
the ability to respond appropriately to unexpected occurrences 
(Yang et al 2009). 

Identifying fatigue in drivers before an accident occurs is 
possibly more difficult than attributing fatigue as a cause after-
wards. Research highlighting physiological changes associated 
with fatigue is growing, and engineers are working to develop 
techniques to measure these changes. Examples of fatigue diag-
nostics include:

 N Percentage of Eye Closure (PERCLOS): Calculates the per-
centage of time that eyelids are closed. According to the US 
Federal Highway Administration, and US Highway Traffic 
Safety Administration, this is regarded as the most promising 
driver fatigue detecting technique (Singh et al 2011).
 N Ocular parameters: Measuring the characteristics of eye 
movement and pupil constriction (Morad et al 2009). 
 N Heart Rate Variability (HRV): Serving as an early fatigue indi-
cator, the HRV increases exponentially with increasing fatigue 
levels (Gershon et al 2009).
 N Neurological parameters: Changes in oscillatory brain activity 
occur with fatigue and can help identify mental fatigue (Kato 
et al 2009).
 N Head movements: Can be measured to determine fatigue 
(Heitmann et al 2001). Unfortunately, it is the last cue pro-
viding an indication that the driver is falling asleep and might 
have been unfit to drive.  

Assessing fatigue in real driving environments is more chal-
lenging given the constraints of time, space, specialist staff and 
budget limitations. The Psychomotor Vigilance Test uses the 
reaction time of a driver to determine his/her level of alertness. 
Reaction times are arguably the most important aspect of driver 
performance when it comes to crash avoidance. They can be 
measured on palmtop machines with little supporting computer 
backup. This has the most potential in the SA context given the 
simplicity of its use and the relatively low costs. 

A second method is a self-assessment test carried out by 
drivers recording their experiences. The Swedish Occupational 
Fatigue Index incorporates multiple dimensions of fatigue, in-
cluding physical, cognitive and emotional fatigue experienced in 
the driving environment.  

A third method is the tachograph – a control device that re-
cords journey data of a vehicle. This technique makes a simplistic 
assumption that the performance of the driver is directly related 
to the amount of time spent driving. The tachograph presents 
driving time as a proxy for fatigue. While this is a crude measure, 
it has the advantage of being consistent, and could allow legisla-
tion to be developed that defines fatigue simply in terms of hours 
spent driving.

FATIGUE IN INTERNATIONAL LEGISLATION
The manner in which traffic officials manage fatigued drivers is 
dependent on whether fatigue is defined in the law, the clarity of 
definition, and the punishment that is consequently indicated. In 
this section the main features of fatigue-related legislation from 
the USA, Europe and Australia are summarised. 

The United States  
Maggie’s Law, New Jersey, which was passed in 2003, expanded 
the state’s prior definition of a reckless driver to include fatigue 
(Levine 2005). In this case, fatigue is defined as having had no 
sleep for 24 hours. Under this law, a driver who causes a fatal 
crash due to fatigue can be prosecuted for vehicular homicide. 
No performance-related impairments need to be proven, and 
no physical indicators of fatigue are examined. This is a positive 
step forward in that fatigue is recognised as being detrimental 
to driving and is a significant contributor towards recklessness 
on the roads. However, the take-up of the model has been low. 
Other states within the United States generally believe that there 
is sufficient provision in their legislation for fatigued drivers to 
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be prosecuted. The fact that fatigued driving in the USA does not 
appear to be declining seems to suggest that the existing legisla-
tion is not entirely effective.

European Agreement (AETR)
The European Union has a number of restrictions on driving 
hours for drivers of goods or public transport vehicles encap-
sulated in Articles 6 and 7 of the Regulation of the European 
Parliament and of the Council No 561/2006. The basics include 
the following requirements:

 N A daily maximum driving time of nine hours and a weekly 
maximum of 56 hours is mandated. Cumulative driving time 
over two weeks should not exceed 90 hours. 
 N Breaks should be taken after 4.5 hours, and should last at least 
45 minutes.  

For driving crews crossing international borders, the definitions 
for driving time, breaks and rest periods are stipulated by the 
European Agreement Concerning the Work of Crews of Vehicles 
Engaged in International Road Transport (AETR). This agree-
ment additionally stipulates that record-keeping should com-
mence with a controlling device or be kept manually. 

United Kingdom
In the United Kingdom, the primary fatigue management ap-
proach is similarly to require passenger carrying and goods 
vehicles to have a control device installed. The United Kingdom 
legislation also stipulates the maximum drive times, rest require-
ments and controlling measure. These include the following 
requirements:

 N Daily maximum driving time of 10 hours 
 N Breaks should be taken after 5.5 hours, and should last at least 
30 minutes. 

The driver is required to be able to produce a work and rest re-
cord for the previous 28 days. 

Australia
Australia is one of the more advanced countries regarding fa-
tigue management for heavy goods vehicles. In February 2014 
national legislation changed so that the National Heavy Vehicle 
Regulator (NHVR) facilitates fatigue management over the entire 
country. This legislation applies only to heavy vehicles and public 
transport vehicles. 

The NHVR addresses prescribed work and rest schedules, 
vehicle standards, maximum permissible mass and dimensions, 
and restraining of loads on heavy vehicles. 

NHVR’s Advanced Fatigue Management applies a Risk 
Classification System (RCS) that works on identifying high-risk 
schedules by analysing the combination of work and rest times 
and allocating countermeasures to mitigate the proposed risk. 
This is monitored by officials checking previous work shifts, as 
recorded in a logbook.  

Drivers and/or employers can receive penalties and demerit 
points for not adhering to the requirements, failing to provide 
correct documentation or falsifying records. 

South Africa
Although some South African traffic departments apply strate-
gies of fatigue management, these are inconsistent, largely 
undocumented and almost always dependent on the resources 
available. For example, the Western Cape’s Department of 
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Transport deploys an initiative that attempts to reduce fatalities 
by encouraging drivers to rest before continuing on their journey. 
This is done through engaging with the drivers of public trans-
port or heavy goods vehicles and asking them about their drive/
rest schedule.   

While many traffic officials are keen to be more proactive and 
effective in fatigue management, the major problem facing them 
is the lack of legislation making fatigued driving an offence. The 
closest wording in the South African legislation (Section 31 of 
the National Road Traffic Act (NRTA)) allows drivers to be tem-
porarily stopped from driving if a traffic officer deems them unfit 
to drive (“incapable of driving”). However, no further description 
is stipulated. 

Summary  
The general approach internationally is to prevent fatigue by limiting 
the contributing factors of fatigue, for example, by limiting the 
length of time a driver is allowed to drive before taking a break.

A summary of the international applications for HGV drivers 
is provided in Table 1, which was used to develop recommenda-
tions for the management of fatigue in South Africa.  

FINDINGS FROM SOUTH AFRICAN SURVEYS
Against the background of the international definitions of fa-
tigue, a survey was carried out among South African drivers to 
assess the average driver’s understanding of fatigue, and his/her 
experiences of fatigue management. Two surveys were distrib-
uted – the first focused on driver fatigue, and the second on the 
perceptions of traffic officials. Both surveys were administered in 
the Western Cape only, and the findings are discussed below.

Driver fatigue survey
The distribution of the driver fatigue survey by age and gender is 
demonstrated in Figure 1. This survey had a sample size of 101 
and was answered predominantly by males. A good distribution 
of different age categories was achieved.  

The driver categories comprised light vehicles, heavy vehicles 
and minibus taxis (73%, 23% and 4% respectively).   

Drivers of all these categories overwhelmingly believed fa-
tigue to be an important issue on South African roads – 96.9% 
of drivers indicated that driving when fatigued is dangerous. 
However, only 62% of drivers believe that they themselves are 
vulnerable to fatigue.  

This discrepancy can be attributed to various factors, 
including the fact that drivers are in denial about their vulner-
ability and are unwilling to admit to falling asleep while driving. 

From the driver fatigue survey it was determined that the 
most popular countermeasures to fatigue were “to open the 
window”, “to stop and walk around the car” and “to turn up 
the volume of the radio” (at 26%, 22% and 16% respectively). 
Unfortunately, “to open the window” and “turn up the volume of 
the radio” have both been proven to have limited effectiveness 
(Reyner & Horne 1998). It can be seen from Figure 2 that the 
countermeasure with the longest indicated effectiveness – “stop 
and take a nap” – is only used by 13% of drivers.  

To determine what measures could be established that may 
potentially stop drivers from driving fatigued, four possibilities 
were suggested in the survey (see Figure 3).

Here, 36.5% of drivers indicated that an officer urging them 
to rest before continuing their journey would stop them from 
driving fatigued. Susceptibility to a fine, jail time or confiscation 
of the vehicle follows closely at approximately 20% respectively.

It is interesting that 64% of drivers indicated that only a puni-
tive measure would force them to stop driving fatigued. These 
results indicate that a harsh alternative with a higher punitive 
cost is needed in order to be effective.   

Table 1: Overview of international applications for HGV drivers

International application

Maximum driving time Minimum breaks

Rest

(min)
Daily

(hrs)

Exception

(hrs)

Weekly

(hrs)

Two- 

weekly

(hrs)

Drive

(hrs)

Break

(min)

Alternative

(min)

EU 9
10 twice a 

week
56 90 4.5 45 15 30

UK 10 - - - 5.5 30 - -

Australia RSC Matrix 5.5 15 - -

South Africa - - - - - - - -

Source: Risk Classification System Tool 2014, and Rules on Drivers’ Hours and Tachographs: Goods Vehicles in GB and Europe 
2011, and Department of Transport 1968.
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Figure 1: Age and gender distribution of driver fatigue survey

Figure 2: Main preferred countermeasures to fatigue from drivers
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Traffic official survey
The traffic official survey was administered at the two traffic cen-
tres where Western Cape traffic officials receive training on fatigue 
management. The focus of their fatigue campaigns is on public 
transport and HGVs. The age and gender distribution of the traffic 
official fatigue survey (n = 57) is demonstrated in Figure 4. 

The results indicated that traffic officials do not believe that 
they encounter fatigued drivers on a regular basis. It, however, 
highlighted the fact that traffic officials have limited knowledge 
on fatigue identification and management, and thus their percep-
tions of the incidence of fatigue could be flawed. A total of 75.6% 
of traffic officials indicated that they would find it useful to re-
ceive further training on how to identify fatigued drivers. 

Traffic officials believed strongly that the public was poorly 
educated about fatigue and that drivers are determined to reach 
their destination as quickly as possible. In their experience, 
drivers will not feel obliged to stop and rest until legislation spe-
cifically addresses the issue and/or an effective system is in place 
to force them to do so.

The traffic officials reported an insufficiency of rest facilities 
provided next to the road for a driver to stop and rest. It was 
noted that it is common for an officer to encounter a fatigued 
HGV driver when the resting facilities are full. Because there is 
no space for the driver to park in a safe space without obstructing 
the road, a driver will often choose to drive on. This suggests 

that the rest areas do provide an effective solution to HGV driver 
fatigue, but that more rest areas are needed.   

The traffic officials use two approaches to handle fatigued 
drivers, namely to (1) give verbal warnings, and (2) encourage 
drivers to park their vehicles and rest before continuing on their 
journey. The challenges facing them are lack of legislation (al-
ready addressed), lack of cooperation from drivers, difficulty in 
classifying fatigued drivers and inadequate resting facilities for 
identified drivers.

TOWARDS A NEW APPROACH TO FATIGUE MANAGEMENT 
IN SOUTH AFRICA
The research has shown that other countries are further ad-
vanced in fatigue management than South Africa and that we 
have to rapidly catch up to compare with international examples. 
The following three areas were identified as crucial for the devel-
opment of fatigue management in South Africa:  

Legislative
Possible legislative routes were suggested in the surveys by the 
traffic officials. The most significant and potentially viable one is 
to legislate the maximum number of hours that a single driver of 
a public vehicle or an HGV can drive without a rest. Such legisla-
tion would enable drivers who have been driving in excess of this 
time to be removed from the road, and/or prosecuted. The leg-
islation should also set minimum break times for drivers so that 
they are adequately rested when they resume. This ties in directly 
with the types of legislation that have been developed elsewhere 
in the world to manage fatigue.  

What would make you stop driving fatigued/tired
(n = 115)

21%

36%

21%

22%

Officer “parking” car: cannot drive further

Susceptible to a fine

Confiscating car

Susceptible to jail time

Figure 3: What would prevent drivers from driving fatigued? 

18-25
26-40
41-55
> 55

Gender

Female

Male

Age

10%

63%

25%

75%

2%
25%

Table 2: Maximum allowable work limits

Work limit Maximum hours Exception

Daily 9 Extendable to 10 hours no 
more than twice a week

Weekly 56

Two-weekly 90

Table 3: Minimum break requirements

Driving Break

4.5 hours 45 continuous minutes

15 minutes followed by a 
minimum break of 30 continuous 
minutes

Figure 4: Age and gender distribution of the traffic official survey
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Civillain by Jonah Ptak
For more engineering humour, please visit “Unreal Bridges” on 

Facebook and “@TheUnrealBridge” on Twitter.

The proposal for a South African solution should be based 
on international standards. As a suggestion, legislation should 
apply to drivers of public transport vehicles (any vehicle capable 
of transporting more than 12 individuals) and HGVs (exceeding 
3.5 tons).

Proposed maximum allowable work limits are provided in 
Table 2, with rest and break limits in Table 3. 

Other South African solutions that could be considered:
 N Each vehicle should be required to have a control device (e.g. 
tachograph) installed to record journey information, work and 
rest schedules.
 N For the intermediate interim drivers should be allowed to use 
logbooks. This, however, is both the driver and employer’s 
responsibility.
 N The installation and maintenance of the control device should 
be the responsibility of the employer and a record should be 
kept by the driver for one month (28 days).

Future legislation could define driving fatigue (by all drivers) as a 
prosecutable offence. This would be most effective when reliable 
and effective tests for fatigue are available.  

Traffic enforcement
The powers and duties of the traffic officer can remain as 
stipulated in NRTA S3.I as provided in Section 3.6.6. It is 
recommended that a section be added to “Fitness of Drivers”, 
Chapter 5 in the National Road Traffic Regulations of 2000. The 
amendment detailed above would provide traffic officials with a 
measurable method of assessing the degree to which a driver is 
fatigued, and a basis for prosecution.

All traffic departments in South Africa should be involved in 
a national campaign to reduce fatigue on South African roads, 
and traffic officials should all receive the appropriate training to 
do so efficiently.

Education
As indicated by the survey responses, there is a lack of a com-
prehensive understanding of fatigue by traffic officials and the 
public. These two role players are both instrumental to reducing 
fatigue successfully on South African roads and neither can 
achieve the desired outcomes independently.  

The education on fatigue-related aspects plays a crucial role 
because an uninformed driver does not know the potential risks 
of driving while fatigued, and cannot combat fatigue effectively.  

Additionally, traffic officials should be adequately trained in 
the procedure to follow and how to identify a fatigued driver. The 
appropriate legislation should be provided, as well as the appro-
priate knowledge of fatigue indicators.   

In addition to sustained enforcement initiatives, national 
anti-fatigue awareness campaigns should be conducted regularly, 
both during and outside of festive seasons. 

ENGINEERING RESPONSES
This article has not addressed engineering responses to fatigue, 
which in itself is a wide and separate topic. Traffic engineers 
are important role players in this regard and have multiple con-
tributions to make, which include the development of new and 
effective ways of increasing driver alertness (surface treatments, 
signage, etc), providing rest areas for fatigued drivers and imple-
menting a policy of forgiving road design. 

CONCLUSION 
Fatigue management cannot develop further without being ad-
dressed in legislation, and stipulating a benchmark value for 
traffic officials to compare against. The National Road Traffic Act 
provides a good platform for further development of legislation.  

Fatigue is only prosecutable with a record of offence on a 
controlling device. 

Adequate training of traffic officials is critical to the success 
of any programme.

The education of drivers plays a major role in the considera-
tion of the perceived danger a driver is in. If the driver is in-
formed, s/he would be more likely to plan the journey ahead with 
scheduled breaks. 

This study does not intend to solve South Africa’s fatigue 
management problem, but rather serves as a starting point to an 
effective fatigue management strategy.
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A SOUTH AFRICAN civil engineer 
has recently been awarded Professional 
Traffic Operations Engineer® (PTOE) 
certification from the Transport 
Professional Certification Board, an af-
filiate of the Institute of Transportation 
Engineers (ITE). Revash Dookhi is the 
first recipient of this prestigious certifi-
cation in South Africa.

Revash is the Chief Civil Engineer 
in the Traffic Engineering Branch of the 
Road System Management Department 
of the eThekwini Transport Authority. He 
holds an MSc in Civil Engineering and is 
registered as a Professional Engineer with 
the Engineering Council of South Africa. 

Speaking about this professional 
recognition, Revash says: “In any country, 
transportation is a key aspect in fostering 
economic growth. In South Africa we are 
faced with specific challenges relating 
to transport accessibility, affordability 
and road safety. I consider it not only an 
honour, but indeed also advantageous 
to be recognised and registered as a 
specialist transportation engineer, as this 
provides added credentials in the applica-
tion of various transportation principles 
and standards.”

ABOUT THE PTOE CERTIFICATION
The key requirements for the certifica-
tion are that the individual must be a 
registered professional engineer with at 
least four years of professional traffic en-
gineering experience. Revash had to write 
a six-hour examination that tested the 

following specific knowledge areas (which 
cover a comprehensive spectrum of all 
aspects of transportation):

 N Traffic operations analysis
 N Operational effects of geometric designs
 N Traffic safety
 N Traffic control devices
 N Traffic engineering studies
 N Social, environmental and institu-
tional issues.

A PTOE is therefore a person who has 
demonstrated, through examination, 
professional experience and continuing 
education, expertise in these knowledge 
areas. There are currently only 3 196 reg-
istered PTOEs worldwide. 

MEETING THE NEEDS OF THE SOUTH 
AFRICAN TRANSPORT SECTOR
Revash considers PTOE registration an es-
sential requirement for any practitioner spe-
cialising in traffic engineering, as it provides 
a level of assurance to the public, employers 
and clients that the required speciality skills 
and knowledge are indeed held by the ex-
ecuting transportation professional.

Most of the traffic engineering 
principles that are used by traffic en-
gineering practitioners, and which 
are based on relevant guidelines and 
standards, were initiated and developed 
by international organisations such as 
the Transportation Research Board, the 
American Association of State Highway 
and Transportation Officials, as well as 
the ITE. These organisations have been at 
the forefront of developing principles and 
guidelines in transportation engineering 
since 1920, and they give due recognition 
to the PTOE certification in the applica-
tion of these developed transportation 
principles and standards, which are used 
worldwide, and are also adapted to suit 
local conditions. 

Revash feels that it is essential that a 
specialist professional certification should 
be developed in South Africa for transpor-

tation engineering. “In general, the civil 
engineering field has a number of specialised 
disciplines, without specific professional 
recognition for these individual disciplines 
in South Africa. This has led to instances 
where transportation-related studies and 
designs are carried out by registered civil en-
gineering professionals who do not have the 
relevant or in-depth knowledge of transpor-
tation engineering. This in turn has resulted 
in several challenges related to the economic 
viability of development from a land use 
point of view, as well as increased public risk 
in terms of transport safety and costs.

“I would like to encourage all transport 
engineering practitioners in South Africa 
to become registered as professional trans-
portation engineers. I consider it important 
that fellow transportation engineers moti-
vate to ECSA and SAICE for the develop-
ment of a specialised professional certifica-
tion in transportation engineering.”

Revash’s appeal for professional cer-
tification specifically for transportation 
engineering is supported by Madeleen 
Engelbrecht, chairperson of the SAICE 
Transportation Engineering Division. The 
Division is currently initiating a holistic de-
velopment programme – that recognises the 
challenges facing the industry – for South 
African traffic and transportation engineers. 
“We need to establish traffic and transpor-
tation planning as a specialist discipline 
within the wider engineering and planning 
environment. It is important that the value 
of robust planning practice and well con-
sidered decision-making is appreciated at 
a political and industry level. It is therefore 
our responsibility to ensure that transport 
systems are considered and planned in a 
holistic way by growing the number of well-
rounded transport planners in government 
and private practice,” says Madeleen.

Debbie Besseling, on behalf of: 

SAICE Transportation Engineering Division 

www�saicetransportation�org�za

PTOE certification  
a first for transportation engineering in SA

Revash Dookhi
first PTOE recipient in South Africa 
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AT THE SAICE Transportation Engineering Division’s annual 
awards event, the chairperson of the Division customarily 
presents the prestigious Chairman’s Award to a nominated 
individual in recognition of his/her outstanding service to the 
transportation engineering profession. Nominees are required 
to be civil engineering professionals, they must be members of 
SAICE, and have made significant contributions to transpor-
tation engineering.

Logan Moodley from Durban is the 2015 recipient of the award.
Logan joined the Durban Municipality in 1986 in the Traffic 

and Transportation Department where he has spent the last 29 
years of his career being responsible for conceptualising, plan-
ning and coordinating the implementation of various transporta-
tion projects for the eThekwini Municipality.

He spearheaded the transformation of the older generation 
transportation modelling procedures into the new generation 
platform for the City. With his vast experience in public trans-
port planning and development, he has been involved in the 
development of various plans and projects for the Municipality, 
including road safety plans and intervention programmes.

“I was also responsible for developing and coordinating the im-
plementation of the City’s Transport Plan for the 2010 World Cup 
event, as well as for developing Integrated Transport Plans for the 
City,” a happy Logan told guests after having received the award.

Other projects that he has been involved in during his 
extensive career includes the development of the Integrated 
Rapid PT Network Plans for the Municipality. He also played a 
significant role in the detailed planning and design of the key 
corridors for the Go Durban project, and has championed and 
developed the freight and logistics sectoral interventions for 
the City.

Logan obviously loves his job. “I enjoy going to work, as I am 
motivated by what I do and by the variety of projects that I drive. 
I find it very encouraging to work together with fellow profes-
sionals. To get the job done, we have to rely on one another, and 
this creates a high level of collaboration and a great team spirit. 
This single aspect has elevated my growth tremendously, and I 
have made many friends and close associates as a result. I believe 
such collaboration should be strongly promoted.”

Logan is also regularly involved with the mentoring of engi-
neers and technicians in the municipal environment, as well as 
with students from the University of KwaZulu-Natal and other 
tertiary institutions.

Speaking at the event Logan said: “I am really honoured and 
humbled by the recognition bestowed on me by SAICE at this 
gracious event. I thank the chairperson of the Transportation 
Division, Madeleen Engelbrecht, and her committee for acknowl-
edging me with this accolade.”

Debbie Besseling, on behalf of: 

SAICE Transportation Engineering Division 

www�saicetransportation�org�za

Striving for 
the best

Logan Moodley receiving the 2015 SAICE Transportation Division 
Chairman's Award from chairperson, Madeleen Engelbrecht
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B O O K  R E V I E W 

PUBLISHING DETAILS
Title:  Geometric Design of Roads 

Handbook
Author: Keith M Wolhuter 
Publisher:  Taylor & Francis, Boca Raton, 

Florida, USA
ISBN: 978 0 415 52172 7
Price: R3 420 including VAT
To order:  SAICE Bookshop  

angelene@saice.org.za 
www.saice.org.za 
+27 11 805 5947

Like all good padmakers Keith Wolhuter, 
a well-known member of SAICE, started 
off by working in the field, on road con-
struction. By the end of this period he was 
in charge of his own unit, and ready for 
the momentous switch from construction 
to design.  

He chose geometric design, and for 
the past fifty years has concentrated on 
this field. He has been a pioneer, in the 
vanguard of new developments, and 
there will be few who would gainsay his 
position in this regard. Certainly I would 
not do so.  

I can well remember the excite-
ment which greeted his presentation 
of his TRH17 The Geometric Design 
of Rural Roads at the 1985 Annual 
Transportation Convention. Now, fi-
nally, we had a document which could 
be accepted country- and, indeed, 
continent-wide, and was also such that 
it could be used as a text for teaching at 
tertiary institutions.

And as continental road transportation 
grew, the need for more agreement be-
tween various authorities in the geometric 
design field also became more apparent 
– and Keith was there. Agreement between 
fourteen African countries was formalised 
in 2002.  

In 1998 the “context-sensitive design” 
concept was introduced, and again Keith 
was one of the team (add Rodney Burrell 
and Malcolm Mitchell – a strong mix in-
deed!) who worked on the introduction of 
this concept. 

Subsequently Keith has continued 
working on aspects of Geometric Design 
(including working on the Botswana 
Geometric Design Manual), and on the 
more formal incorporation of other disci-
plines in the team. 

And now he has put it all together for 
us in his 600-page Geometric Design of 
Roads Handbook. A massive project, and 
truly a work of love, it is a fitting swan 
song for a man who has devoted so much 

effort into developing geometric design in 
our country and on our continent.  

In Chapter 1, Keith points out that 
his Handbook is based almost entirely 
on research undertaken since 1998. It is 
thus arguably the most up-to-date text on 
geometric design worldwide. This chapter 
also draws attention to the vast store of 
knowledge external to geometric design, 
as illustrated in Figure 1.1, that a geo-
metric designer must be able to draw on 
to be successful in his or her chosen field. 
An overview of these topics is introduced 
in Part II. 

In addition to the paradigm shift to 
Context Sensitive Design, he also draws 
attention to another recent paradigm shift 
of note, being the change from a focus on 
Newtonian physics to a greater concern for 
the impact of human factors on design. In 
short, the emphasis has shifted from what 
the vehicle CAN do to consideration of 
what the driver WISHES to do. 

It is worth noting that he has produced 
a Handbook, as opposed to a manual, with 
the expressed hope that “when a designer 
is confronted by a problem outside of his 
or her experience, reference to the relevant 
section of the Handbook would either sug-
gest an answer to the problem or, at least, 
direct the designer towards some other 
source of information.” A worthy objec-
tive, and one for which he will be blessed 
by present and future generations of geo-
metric designers!   

Keith Wolhuter’s Geometric Design 
of Roads Handbook deserves a place of 
honour on our bookshelves.  

Dr Graham Ross HonF SAICE 
grahamross@telkomsa.net

Geometric Design of 
Roads Handbook
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IN BRIEF

FRANKI’S 
SPECIALIST JACKING 
AT WENTWORTH 
STATION  
For more than 30 years Franki Africa 
(Franki), a renowned geotechnical brand in 
southern Africa and now part of the Keller 
group, has successfully provided pipe 
jacking and other trenchless technologies 
(augering, thrust boring and large-diameter 
case boring) to a wide range of clients on 
the continent.

Pipe jacking, an integral part of the 
trenchless technology ‘family’, is a tech-

nique for installing underground pipelines, 
ducts and culverts. Powerful hydraulic 
jacks are used to push specially designed 
pipes through the ground behind a shield, 
at the same time as excavation is taking 
place within the shield. This method 
provides a structural, watertight, finished 
pipeline as the tunnel is excavated.

 Pipe jacking is not easy and is 
often fraught with significant challenges, 
but Franki has developed a reputation for 
overcoming these challenges and for deliv-
ering successful results on tough contracts 
time and again. The Wentworth Station 
contract is a case in point.     

Due to extensive flooding of the 
area during heavy rains, the eThekwini 
Stormwater Department needed to 
increase the capacity of the existing 
stormwater system at Wentworth Station 
in Durban. 

Franki contracts manager Byron Field 
says this area, which is situated at the 
lowest point of the Bluff area, has been 
subject to heavy flooding for several 
years owing to the inadequacy of the 
existing drainage system there. “Flood 
water frequently engulfs the railway lines 
at Wentworth Station, as well as adjacent 
buildings, and eThekwini decided that 
something had to be done about it.” 

The pipe jacking contract, which was 
awarded to Franki Africa in August 2014, 
includes 5 No x 100 m 1473 ø pipe jacks, 
to be installed beneath the Wentworth 
Railway Station and 20 adjacent railway 
lines, as well as inlet and outlet chambers, 
a 20 m culvert extension, pipe tie-ins and 
associated enabling works.

“This sounds pretty straightforward,” 
says Field, “but this contract is one of 

the most difficult below-the-water-table 
jacking contracts our company has 
undertaken in recent years. The main 
challenge here is that the pipes needed 
to be installed 6.5 m below ground level, 
where the ground consists of running 
sand with a consistency of soup, all 
without disturbing the normal operation 
of the trains!”

Field explains that the five 100 m long 
pipelines are installed side-by-side under 
the railway lines, with two large in-situ cast 
concrete chambers at each end to evenly 
distribute the stormwater flow in and out of 
the pipes. “The construction of the cham-
bers and of a new culvert that ties into the 
existing stormwater system is also part of 
our scope of works,” he says. 

Field adds that inverts of the pipe 
jacks are -6.5 m whilst the water table is 
at -1.5 m. “This necessitated extensive 
dewatering and shoring operations to 
facilitate the civils construction and jacking 
operations, and these challenges were 
made more difficult by frequent ESKOM 
load-shedding, which resulted in flooding 
on site due to the consequent failure of the 
dewatering system.” 

“Furthermore,” says Field, “the trains 
had to keep running above our opera-
tion, which created dynamic loading 
through significant vibrations, and this in 
turn caused the ground to consolidate 
around our pipes, thereby increasing the 
ground pressure.”

Preparations prior to jacking was a pro-
longed process, involving the installation 
of the de-watering system along the full 
length of the jacks and sheet piling around 
all the new chamber and culvert works; 
and ensuring that the temporary works, 
comprising the jacking pits and reception 
pits, were constructed safely by being suf-
ficiently stabilised to contain the jacking 
loads placed on them. “The high jacking 
pressures, due to the ground loads, ne-
cessitated multiple inter-jack stations along 
each crossing in order to keep the pipe 
jacks moving,” Field says.

The right pipes were crucial to the suc-
cess of the Wentworth Station contract, 
and the precast concrete jacking pipes 
developed especially for this project have 
proven to be an unmitigated success. 

Having watertight joints was perhaps 
more critical in this contract than in any 
previous contract in which Franki had been 
involved. According to Field the sand is so 
fine, it would have flowed through the joints 
of ordinary jacking pipes.  

View down one of the pipe jacks from an intermediate jacking station

Pipe jacking in progress at 
the Wentworth Station
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Work on site was carried out on a 
24-hour basis. Practical completion of this 
project was achieved on schedule by the 
end of July 2015.

 INFO

Byron Field 

Franki Contracts Manager 

+27 31 507 1051 

Victor Ferreira 

victor�ferreira@franki�co�za

NEW INNOVATION 
FROM ATLAS 
COPCO MAKES 
LOADING OPTIONS 
AN EASY CHOICE

Mucking out is often a case of trial and error 
in which different solutions are tried and 
tested at the worksite until the most suitable 
one is found. This can be a costly and time-
consuming process – but not anymore. 

A new digital tool from Atlas Copco al-
lows various methods and types of equip-
ment to be evaluated in relation to key 
parameters from the worksite and then 
identifies the most favourable option. 

“Called Loading Optimizer, the tool is 
able to process a large number of variables 
that can be altered and fine-tuned multiple 
times,” explains Johannes Hansson, Global 
Projects Manager at Atlas Copco. 

“This means that key factors such as 
methods, equipment specifications, the 
type of ventilation system, and other fac-
tors can be combined and evaluated in a 
variety of ways. This is a huge advantage, 
because it enables you to clearly see the 
impact of these variations on efficiency, 
productivity and costs. 

“In this context, one of the most crucial 
parameters is the ventilation arrangement. 
The dimensions of a tunnel or drift, the 
space required in the roof for ducting and 
the area that is left for equipment is not an 
easy equation. 

“Loading Optimizer takes care of all 
that by synchronising the data with our 
Serpent ventilation system to get just the 
right balance. The tool also simulates 
alternative solutions on screen and shows 
how these will impact on efficiency and 
productivity.”

A typical case in point involves the 
location of loading bays. By reducing the 
number of bays, the distance between 
each bay increases, meaning less rock 
needs to be excavated. However, the 
program demonstrates how the loading 
capacity can be maintained by changing 
the loading method, for example from 
front-end loading to side-dumping or con-
tinuous loading. 

“It’s all about making it easier to find 
the right setup that will result in high 
loading capacity and cost efficiency,” 
Hansson explains.

Other benefits of the Loading Optimizer 
include the possibility to evaluate selected 
method/equipment options and produce 
complete overviews of costs, as well as 
customised spread sheets of the selected 
solution.

 INFO

Ditumiso Mahlaba 

Marketing Assistant 

+27 11 821 9572  

ditumiso�mahlaba@za�atlascopco�com

THERMAL IMAGING 
CAMERA CAN 
AVERT DISASTER 
Advanced thermal imaging cameras are 
being used as a frontline defence against 

fires on conveyor belts transporting warm 
materials or in instances where a risk of 
fires poses a danger to people or process 
equipment. 

Although infrared thermal imaging 
cameras are not new in military and law 
enforcement circles, the adaptation of the 
cameras to meet industrial applications is 
quite unique. Ruggedised versions from 
specialist manufacturer, Land, have been 
designed to work in gruelling industrial 
applications using non-military type tech-
nology that circumvents the need for ex-
pensive export licences (these are required 
on traditional thermal imaging cameras to 
prevent the technology from ending up in 
radical military hands).

Introduced locally by process special-
ists, Protea Automation, the new range 
of cameras can operate in dirty, dusty 
and hot applications found in mining and 
industrial sites and are designed to operate 
reliably with little need for maintenance 
over extended periods of time in harsh 
conditions. 

According to product manager Gavin 
Westley, the cameras are used to detect 
hotspots that are above the desired 
temperature of materials being trans-
ported. With parameters stored onboard 
the camera, as well as on the Arc Land 
Imaging Processing Software (LIPS), the 
detection of a hotspot will trigger an alarm 
and set in motion a sequence of meas-
ures to prevent fire and avoid damage to 
the belt. 

In the event of the Scada or control 
system being unavailable for whatever 
reason, the onboard intelligence of the 
camera acts as a fail-safe system and still 
triggers an alarm that will allow appropriate 
action to be taken.

“Management of warm materials on 
conveyors is a hot topic, following a recent 
fire which destroyed an entire incline con-
veyor system at a lime manufacturing plant 
in the Northern Cape. This incident caused 
damage of millions of Rands to the plant 
and led to considerable loss of produc-
tion,” says Gavin.

“Following the catastrophe we were 
called in to design and install a system to 
prevent a recurrence of this type of event. 
We have subsequently installed Land Arc 
Thermal cameras, as well as scanners to 
identify hotspots and identify trends which 
show when the temperature of clinker 
from the rotary kilns is rising above the 
normal range. With the equipment and 
procedures in place the plant is now able 

The Loading Optimizer, developed by 
Atlas Copco, is also available in a light 
version at loadingoptimizer.com
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ENDING EROSION

•	 Rivers,	Estuaries,	
Dams,	Reservoirs

•	 Areas	subject	to	wave	
action

•	 Access	roads
•	 Parking	areas
•	 Stormwater	drift	

crossings

•	 Compressed	concrete	
blocks	(solid	or	vertical	holes	
or	horizontal	cable	ducts)

•	 Interlocking	system
•	 Partial	taper	of	each	

block
•	 Various	sizes	of	blocks	

available

Technicrete	 Armorflex	 erosion	 control	 system	 provides	 an	
alternative	 for	 a	 wide	 variety	 of	 erosion	 control	 and	 drainage	
projects.	When	your	project	calls	for	protection	that	can	withstand	
severe	applications	and	climatic	conditions,	with	quick	installation	
with	 no	 in-situ	 concrete	 or	 even	 under	 water,	 Armorflex	 from	
Technicrete	is	the	engineered	solution.

Suitable for: Specially designed:

Technicrete	is	a	trading	division	of	ISG,	a	leading	supplier	of	innovative	infrastructure	
products	to	the	construction	and	mining	markets	in	Southern	Africa.

Tel:	011	674	6900	
www.technicrete.co.za

paving | mining | masonry | roof tiles | erosion protection 
retaining walls | drainage | kerbs | precast products

to significantly reduce costly belt repairs, 
reduce downtime and prevent dangerous 
situations from occurring in future.”

Gavin explains that many materials 
that are transported on rubber con-
veyors contain hot inclusions that can 
damage the belt or cause material fires. 
As a result processing plants usually 
make use of traditional temperature 
measurement methods to detect hot 

materials, but in many instances these 
are unable to detect small hotspots on 
the moving conveyor.

The addition of Land thermal cameras 
allows users to monitor the entire conveyor 
width simultaneously at ranges from -20°C 
to 1 000°C continuously. The real-life im-
aging and software automatically detects 
temperature variations and can trigger a 
number of responses via onboard I/Os that 

can trigger sprinklers, alarms, strobes or 
stop the belt or feeders, whichever is ap-
propriate. Images may also be transmitted 
to a controller for further action, while 
simultaneously recording alarm conditions 
for review at a later stage.

Land Arc cameras are general-purpose 
radiometric thermal imaging cameras, which 
are designed to be rugged enough for indus-
trial applications while being small enough to 
fit into confined areas. The cameras are able 
to provide detailed high-resolution thermal 
images with high temperature accuracies. 
The cameras are supplied with viewer soft-
ware as standard and have direct connection 
to a range of I/O modules through standard 
industrial Ethernet. A choice of enclosures 
allows the cameras to be used in a wide 
variety of applications.

 INFO

Gavin Westley / Jerry Smits 

Protea Automation 

+27 11 719 5700 

gavinw@protea�co�za 

jerry�smits@protea�co�za 

www�protea�co�za  

Land Arc thermal imaging camera installed at a 
lime manufacturing plant in the Northern Cape
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LETTERS BY PROFS GEOFF PEGRAM AND WILL 
ALEXANDER IN RESPONSE TO THE ARTICLE IN 
CIVIL ENGINEERING JUNE 2014 PAGES 56–60 
(MISCONCEPTIONS IN WATER RESOURCE STUDIES) 

It is with sadness that I read the letters from Prof Geoff Pegram 
in the March 2015 edition of Civil Engineering (pp 76–77) and the 
response from Emeritus Prof W J R Alexander in the May 2015 edi-
tion (pp 69–70). I believe that the ad hominem attack on the work of 
Prof Alexander is unwarranted and not in the best traditions of science. 

Science is based on the concept that any reputable researcher 
can publish his theories (for that is what they are in the first instance) 
and must be prepared to defend them against critics and rational 

argument. If the theory is found wanting the researcher goes back 
to the drawing board and tries again. If the critics are wrong they 
must have the humility to accept that they were wrong. It is in this 
way that science advances. Albert Einstein once commented that, 
no matter how many accepted his propositions, it would take only 
one person to prove him wrong. It is worth noting that much of 
climate science has not followed this course and refers to a “con-
sensus” essentially about the results of computer models which 
contradicts the scientific method. None of the models have been 
properly calibrated and verified.

Without in any way commenting on the rights or wrongs of 
either of the professors’ propositions I submit that we must at all 
times allow scientific argument to prevail and be considered on 
its merits.

Robert GK Blyth Pr Eng 

rgblyth@telkomsa�net

[This letter concludes the debate spurred by Prof Alexander’s 

article. Ed.]

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

A specialist indemnity insurance policy 
has recently been introduced to insure 
readymix concrete suppliers against 
claims from clients or third parties in the 
event of concrete failures.

Removing and replacing concrete 
that has already cured or partially cured 
is a risk facing any concrete supplier who 
through one mistake may lose millions of 
Rands, or even their business, depending 
on the size of the pour and the resilience 
of the company.

In a progressive move to protect both 
the customer and the readymix supplier, 
the Southern Africa Readymix Association 
(SARMA) recently worked with insurance 
role players to provide specialist indemnity 
insurance that provides both parties with 
peace of mind in the event of concrete 
failure. The policy is only available to 
SARMA members and is offered by con-
struction insurance specialists CivilSure. 

UNFORESEEN FAILURES
Although concrete failures can occur 
as a result of unforeseen circumstances, 
underwriters of the policy are satisfied 
that the strict quality standards which 
are applied to SARMA members (who 
are audited annually), and the generally 

high standard of SARMA compliance are 
sufficient reasons to provide this type of 
insurance to SARMA members.

Dan Payton of CivilSure explains: “If, 
for example, a person orders concrete 
suitable for building a swimming pool, 
but finds that when it cures it is unsuit-
able, then the insurance will kick in and 
pay for the repair or removal of the failed 
concrete, and for the replacement of a new 
structure if required. The policy there-
fore provides recourse for the user who 
will have his pool structure repaired or 
replaced, as well as providing the supplier 
with a means of guaranteeing their work.

“The policy will pay out up to 
R10 million in the event that the profes-
sional member of SARMA undertook 
their duties in accordance with the pre-
scribed best practices as outlined by the 
Association. Claims for injury or damage 
will also be covered and additional exten-
sions may be made to cover the readymix 
plant’s actual equipment against break-
downs, as well as certain legal defences 
and consequential loss, etc.”

MORE COVER
According to Payton additional f leet 
insurance packages are also being made 

available to SARMA members. “These 
are specialised readymix concrete-re-
lated insurance products that are made 
possible by the high standards upheld 
by SARMA members, as well as econo-
mies of scale as a result of SARMA’s 
large membership.

“This type of cover has been very 
difficult to obtain and is usually not 
affordable. However, the insurance 
company is satisfied that SARMA’s 
codes of conduct warrant this cover at a 
reasonable premium.”

Johan van Wyk, General Manager of 
SARMA, notes that this insurance should 
provide suppliers and buyers alike with 
peace of mind, knowing that they are 
covered in the event of something going 
wrong between the stages of procure-
ment, delivery and curing of the concrete. 
This, in his view, is another reason why 
users should specify concrete from 
SARMA-accredited members.

 INFO

Johan van Wyk 

General Manager SARMA 

+27 11 791 3327 

johan@sarma�co�za

Letter

Insurance against faulty concrete
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SAICE Training Calendar 2015
Course Name Course Dates Location

CPD Accreditation 

Number

Course 

Presenter
Contact

GCC 2010
7–8 October 2015 Mafikeng CESA-672-02/2018 

SACPCMP/CPD/14/031
Neville Gurry cheryl-lee@saice.org.za

14–15 October 2015 Durban

Technical Report Writing
5–6 October 2015 East London

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

27 October 2015 Midrand SAICEstr15/01727/18 Greg Parrott cheryl-lee@saice.org.za

Structural Steel Design 

Code to SANS 

0162:1-2005

26 October 2015 Midrand SAICEstr15/01726/18 Greg Parrott cheryl-lee@saice.org.za

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

14–15 October 2015 Bloemfontein

SAICEbus15/01784/18 David Ramsay dawn@saice.org.za28–29 October 2015 Port Elizabeth

4–5 November 2015 Midrand

Water Law of South Africa 15–16 October 2015 Midrand SAICEwat13/01308/16
Hubert 

Thompson
dawn@saice.org.za

The Legal Process dealing 

with Construction Disputes

13–14 October 2015 Durban

SAICEcon13/01368/16

SACPCMP/CPD/15/010

Hubert 

Thompson
dawn@saice.org.za

21–22 October 2015 Port Elizabeth

27–28 October 2015 East London

4–5 November 2015 Bloemfontein

12–13 November 2015 Cape Town

25–26 November 2015 Midrand

Earthmoving Equipment, 

Technology and 

Management for 

Civil Engineering and 

Infrastructure Projects

14–16 October 2015 Durban SAICEcon12/01177/15
Prof Zvi 

Borowitsh
dawn@saice.org.za

SAICE / Induna Training Services
CIDB Contracts: 
Similarities and Differences

26–27 October 2015 Port Elizabeth 
SAICEcon15/01787/18 Lydia Carroll dawn@saice.org.za

4–5 November 2015 Cape Town

FIDIC Contracts – a 
Practical Approach

29–30 October 2015 Midrand SAICEcon15/01774/18 Kevin Spence dawn@saice.org.za

Management of Claims 
under FIDIC

25–26 November 2015 Midrand SAICEcon15/01775/18 Kevin Spence dawn@saice.org.za

Introduction to NEC

9 October 2015 Durban

SAICEcon15/01777/18 Lydia Carroll dawn@saice.org.za6 November 2015 Cape Town

4 December 2015 Port Elizabeth

Introduction to Claims and 
Dispute Resolution using 
FIDIC Contracts

27 November 2015 Midrand SAICEcon15/01778/18 Kevin Spence dawn@saice.org.za
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SAICE / Bruce Raath & Associates
Course Name Course Dates Location

CPD Accreditation 

Number

Course 

Presenter
Contact

Concrete for Contractors / 
Consultants

26–27 October 2015 Durban SAICEcon15/01755/18 Bruce Raath cheryl-lee@saice.org.za

Durability and Repairs of 
Concrete Structures

20–21 October 2015 Midrand
SAICEcon15/01757/18 Bruce Raath cheryl-lee@saice.org.za

28–29 October 2015 Durban

SAICE / South African Road 
Federation (SARF)

Overview of Hot Mix 
Asphalt

5–6 October 2015 Gauteng SAICEtr15/01806/18 J Onraet
sybul@sarf.org.za / 
tshidi@sarf.org.za 

Assessment and Analysis
of Test Data

8–9 October 2015 Bloemfontein
SAICEtr15/01805/18 R Berkers

sybul@sarf.org.za / 
tshidi@sarf.org.za 12–13 November 2015 Durban

Candidate Academy
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 
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

5–6 November 2015 Durban CESA-377-05/2016 Theuns Eloff margie@ally.co.za

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.

If you would like to discuss any topics that you feel are relevant to SAICE 
members, scan the QR code alongside to access SAICE’s blog.
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Faster road design with

intersections, traffic circles,

stockdale roundabouts,

and cul-de-sacs

CIVIL
DESIGNER
2015

www.civildesigner.com

Exceptional engineers take 

advantage of integrated design 

tools of world-class excellence.


