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ON THE COVER
National Asphalt is well known for its 

innovative and continued contribution 

to cutting-edge asphalt technology. The 

company’s involvement with the fi rst 

ever High Modulus Asphalt (or HiMA 

as it is commonly referred to) for the 

eThekwini Municipality in the City of 

Durban therefore comes as no surprise
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2011 edition (for the article on post-tensioning) should be spelt 

with one “n”, not two. The e-mail address should therefore also 
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F R O M  T H E  C E O ’ S  D E S K

A few good men

POLITICS IS A PROCESS by which 

groups of people make group decisions. 

It is associated with social relations 

involving authority and power, for the 

greater good of society. Th e concept in 

itself is a useful and worthy one, and ex-

ists for a respectable cause and for the full 

and fair benefi t of society. Th ere are two 

impressions of politics – the honourable 

kind, and the tainted kind. Th e honour-

able kind is associated with statesman-

ship, protection and legacy. 

I have learned fi rst-hand that when 

honest men throw up their hands and 

exclaim “Politics!” in exasperation, they 

actually mean that some individual or 

group of individuals has abused the avenue 

of politics for individual motive and oppor-

tunity, while societal benefi t is abandoned 

to second place, current aff airs left exposed 

and condemned. Th at’s the tainted kind. 

I am writing this piece while attending 

the General Assembly of the World 

Federation of Engineering Organisations 

in Geneva. Th e WFEO activities during 

the week have had a positive impact for 

South African engineering, particu-

larly for SAICE and ECSA (ECSA, with 

SAICE’s support, is hosting the WFEO’s 

Committee on Engineering Capacity 

Building for the next four years, a major 

scoop for South African engineering). Th e 

General Assembly, which is a culmination 

of the week’s activities, and where member 

states canvass (with true political fl amboy-

ance) and vote for limelight leadership 

roles in the WFEO, is also a meeting of 

highly infl uential international infrastruc-

ture engineering decision-makers (presi-

dents, presidents-elect, vice-presidents and 

executives of various engineering organisa-

tions and institutions) taking engineering 

political decisions that have worldwide 

implications on engineering and infra-

structure development. Note I did not say 

meeting of minds. 

While in Geneva, interacting with 

engineering leaders from around the 

globe, I learned that the infrastructure 

engineering environment fraternises with 

international relations and world politics 

in a colluding manner. But if this is the 

way of the world, then one needs to learn 

the game and be adept at playing it, or 

be left behind. Th ere are opportunities 

associated with this kind of power; the 

impact extends to infl uencing national 

governments when members return 

to their individual countries. Th e far-

reaching consequences are greater than I 

had imagined. 

Th e point really is that South Africa’s 

level of participation and infl uence is no 

longer confi ned to local development en-

gineering and politics. We are performing 

on the world stage, and we had better have 

the charisma, charm, foundational work 

ethic and knowledge to play the game at 

this level, and to seize the opportunities 

as they come. We have done some bril-

liant things in the past; it’s the future that 

concerns me. 

A good friend visited my office a few 

weeks ago, and we talked about South 

Africa’s current leadership drought. 

He mentioned that the trouble with 

our current leaders is that they have 

excluded the foundational components 

of leadership, i.e. integrity and align-

ment of thought, word and action. Some 

good examples of this absence are, say, 

preaching against social practices that 

invite the AIDS virus, while in private 

continuing to participate in scandalous 

and unprotected sex; or say, speaking 

against unwholesome procurement 

practices and activating for wealth and 

job creation for the poor, while living 

large and being seen to be corrupt and 

guilty of procurement malpractice.

I am tremendously empathetic to 

the plight of national government post-

1994. The nation wanted urgent change, 

for all the right reasons. We also wanted 

transformation, equal opportunity and 

representation. Those who were ready 

to take up the cudgels of leadership in 

that highly delicate and complex time of 

transition took on the task and bravely 

attempted strides to build a nation. 

Many contributed with great resolve 

and hard work, while others succumbed 

to the pressures and attractions of 

politics, and very often simply because 

they did not know ‘how to’. While cor-

ruption does exist, the media, I believe, 

have distorted the numbers of corrupt 

officials for sensationalism. 

Th e debate may linger longer, but here 

we are, and we must take stock of where 

we stand. 

Th erefore, Young Engineers, Future 

Leaders, take note – if what I have ex-

perienced in Geneva is anything to go 

by, the South African socio-political 

landscape, in tandem with the built 

infrastructure environment, is about to 

undergo a dramatic revamp. We are on 

the brink of launching into a revolution 

of South African leadership that will 

demand accountability, service delivery 

and performance – the opportunity to 

leave a legacy and to be remembered in 

the annals of South African history. Have 

we been suffi  ciently preparing ourselves 

to take hold of the reins? Do we have suf-

fi cient qualifi cations, work experience, 

contacts, moral aptitude and integrity? 

It is true that all that is necessary for evil 

to triumph is for good men to do nothing. 

And we only need a few good men. 
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O N  T H E  C O V E R

FOLLOWING HARD ON THE HEELS 

of the very successful and well publicised 

Warm Mix Asphalt (WMA) trials that 

where completed towards the end of 2010, 

National Asphalt is once again at the fore-

front of new asphalt technology in South 

Africa. Th is time the company is involved 

with High Modulus Asphalt (HiMA), which 

had its origin in France during the 1990s, 

and revolves largely around the preventing 

of rutting of asphalt pavements, especially 

in hot summer conditions. During October 

2009 Colas South Africa hosted a SABITA 

HiMA Interest Group during a fact-fi nding 

tour to Reunion. Wynand Nortjé, Technical 

Manager of National Asphalt, represented 

the company on this tour. 

In Reunion Colas was involved in the 

design, mixing and application of HiMA 

on the Grand Bois bypass project where 

it was being used as base material. Th e 

use of HiMA on the project resulted in 

a reduction of more than 20% asphalt 

compared to the quantity required when 

using normal asphalt design methods and 

materials. By the end of the tour everyone 

agreed that valuable design and practical 

information had been gathered, which 

would be brought back to South Africa for 

further research and implementation. No 

surprise then that, soon after the return 

of the tour group, a resolution was taken 

at the Road Pavement Forum (RPF) to 

appoint the CSIR (Council for Scientifi c 

and Industrial Research) under the 

auspices of SABITA (Southern African 

Bitumen Association) to develop a design 

procedure and to ensure the most effi  cient 

transfer of this technology. Materials were 

shipped to the Colas and Shell labora-

tories in France where a ‘South African’ 

design was done using the French equip-

ment and methods. Th is design was then 

used by the CSIR to develop and adapt 

a protocol suitable to South African test 

methods and equipment.

One of the most fundamental require-

ments of HiMA is the use of very low 

penetration grade (hard) bitumen. Th e 

required 10/25 penetration grade had 

not been available for quite some time, 

though. Tests were therefore done using 

a 20/30 grade, but with almost no suc-

cess. When the 10/25 penetration grade 

bitumen became available again, National 

Asphalt immediately joined the research 

team and designed an HiMA 20 Base 

Class 1 mix that recorded exception-

ally good performance characteristics. 

Dynamic Modulus values of above 24 GPa 

at 15°C, 10 Hz were, for example, being 

recorded. With the minimum specifi ca-

tion being 14 GPa, these early results are 

very encouraging.

Th rough the involvement, again, of 

the dynamic team at the Roads Provision 

Department of eTh ekwini, Sabita’s HiMA 

Interest Group and the CSIR, a section 

of South Coast Road in Durban was 

identifi ed as an exceptionally good site 

on which to conduct an HiMA trial. Th is 

road is categorised as one of the most 

heavily traffi  cked in South Africa due to 

National Asphalt – 
next stop HiMA
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the enormous amount of cargo carried 

into and out of the harbour on a daily 

basis, and almost around the clock. For 

design purposes it was established that 

the traffi  c count is in excess of 80 million 

E80s. It is envisaged that the high resist-

ance against permanent deformation, the 

hard grade binder, the low air voids, the 

high modulus and the good fatigue resist-

ance of HiMa will cope with the stresses 

that this road is exposed to. 

Due to the complexity of the designs, 

and particularly also in the light of the 

sensitivity of the grading specifi cations, 

it was decided to carry out a secondary 

plant trial of 60 tons on 16 August 2011. 

Th is trial was done away from South 

Coast Road and the results were still 

being awaited at the time of going to 

press. Th e main trial on South Coast 

Road was planned for 29 August. As had 

previously been the case with the WMA 

trials, numerous meetings are being held 

involving all the role players prior to and 

during the trial period, and the agreed-

upon long-term monitoring protocol will 

be strictly adhered to beyond the comple-

tion of the actual site work. 

Sean Pretorius, CEO of National 

Asphalt, concludes: “As with the WMA, 

the energy and enthusiasm of the HiMA 

Interest Group is commendable and the 

commitment once again of the eTh ekwini 

Roads Provision Department cannot go 

by unmentioned. If it were not for clients 

who are willing to commit to this type of 

research together with industry, we would 

never reap the benefi ts of modern devel-

opments in asphalt technology”.

 INFO

Deon Pagel

Business Development Manager

National Asphalt

031 736 2146

083 306 9774

deon@nationalasphalt.co.za

1   National Asphalt CEO, Sean Pretorius 

(right), and Laboratory Manager, 

Seggie Naicker, at the first HiMA mix

2   Paving of the 60-ton plant 

trial well under way

3  Compaction and density verification

4   Clear evidence of severe rutting 

of the existing asphalt

2
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Dr Malcolm Mitchell

Executive Director: SARF

executive@sarf.org.za

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

BACKGROUND
With the exception of national roads and 

roads in a few local authorities the condi-

tion of South Africa’s road network is less 

than satisfactory, giving rise to increased 

road accidents and excess user costs run-

ning into billions of rand per year. Th e 

fact that all is not well with our provincial 

roads is patently obvious and there is 

much evidence to this eff ect. For example, 

the SAICE Infrastructure Report Card 

for South Africa 2011 rates provincial 

paved roads as D minus (at risk) and gravel 

provincial roads as E (unfi t for purpose), 
and makes the following comments: 

“Th e paved provincial road network has 

deteriorated signifi cantly over time” and 

“Approximately 50% of the provincial 

gravel roads..... are in a poor to very poor 

condition”. Th is news is not unknown. For 

a decade or so various bodies, such as the 

South African Road Federation (SARF), 

have been drawing attention to the rapid 

and serious deterioration of the network. 

Detailed pavement condition assess-

ment surveys carried out on behalf of the 

Automobile Association, and also central 

government, have provided quantitative 

evidence of this situation. In addition, 

numerous instances of visual observa-

tions and media reports lead one to the 

inescapable conclusion that our provincial 

and many municipal road networks are 

in a critical state of decay. Th e issue is – 

what needs to be done to restore the road 

network to an acceptable level?

A REJUVENATION STRATEGY
Whilst there has been much talk, political 

promises and media pronouncements on 

the problem not much improvement has 

been seen to date. In the opinion of the 

SARF the primary issues which need to 

be addressed in order to arrest the down-

ward slide are the following:

1

Towards rejuvenating our 
provincial road network
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 ■ Inappropriate institutional arrangements

 ■ Lack of experienced professional capacity 

in road authorities

 ■ Political interference in the management 

of the road network

 ■ Inability of road authorities to adequately 

implement maintenance activities

 ■ Ineff ective use of limited fi nancial re-

sources

 ■ Th e need for improved operation of our 

road systems to gain maximum utilisa-

tion from the available infrastructure.

Ways in which these issues can be ad-

dressed, and which in some cases are 

being actively promoted by the SARF, 

are described below. However, the ques-

tion which needs to be asked is whether 

we as a country possess the necessary 

political will and administrative ca-

pacity to work towards rejuvenating 

our provincial and many local authority 

road networks.

INSTITUTIONAL ARRANGEMENTS 
FOR ROAD AUTHORITIES
Road infrastructure provision and op-

eration in South Africa is fragmented 

between various authorities, and in 

some instances road network operations 

are institutionally separated from road 

infrastructure provision. Added to this 

South Africa has probably the most 

highly fragmented and dispersed ar-

rangement in the world where all three 

levels of government (four, if district 

councils are also considered) possess 

strong original powers in respect of 

roads. Most countries have only two 

levels with strong road powers. The 

current approach has led to many prob-

lems, including lack of capacity, inade-

quate cohesion in planning and delivery, 

and skills shortages amongst others. 

Th roughout the world road provi-

sion is moving from a bureaucratic to a 

commercial approach and this fact was 

recognised by central government in its 

publication, Road Infrastructure Strategic 

Framework for South Africa (RISFSA). 

Th e document discusses various models 

for the delivery and management of road 

infrastructure and recommends that 

road authorities “should consider imple-

menting improvements in areas that in-

clude corporate governance, performance 

and reform of service delivery through 

models that….. commercialise public 

service delivery…..”.

Borrowing on the successful National 

Roads Agency approach for national roads 

it is suggested that a possible approach 

towards improving the system would be 

to subdivide the total South African road 

system into elements which respectively 

serve mobility (economic roads) and 

access (social roads), and to deliver the 

economic roads through a commercial 

(agency) approach, incorporating conces-

sions where appropriate, and to deliver 

the access roads through government 

structures at metropolitan and regional 

council level.

CAPACITY BUILDING IN THE ROADS SECTOR
Th ere is compelling evidence that a 

signifi cant factor contributing to the 

poor condition of much of Africa’s road 

networks is inadequate human resource 

capacity. Th is shortage of skills in road 

engineering inhibits eff ective and ef-

fi cient management of the road network 

with serious social and economic conse-

quences. Since the new democratic dis-

pensation of 1994 there has been much 

talk but no clear directions on what 

programmes are to be put into place 

to meet the human capacity shortfall 

regarding engineers and technologists. 

Th is area needs serious attention. For 

more than fi fty years, since 1952, the 

South African Road Federation has been 

active in human resource development 

in the roads fi eld, having held more 

than 210 courses since 1960, reaching 

12 000 persons. It is essential that this 

example be emulated by the roads frater-

nity, preferably in conjunction with the 

Federation to prevent overlap and a dilu-

tion of the limited teaching resources.

POLITICAL INVOLVEMENT IN 
ROAD NETWORK MANAGEMENT
It is suggested that political involvement 

in the management of roads in South 

Africa is often misdirected. It appears 

that very often roads programmes are 

dictated more strongly by political 

imperatives than by real traffic needs. 

There has been much evidence in 

the media during recent years which 

support this impression. In addition, 

on page 199 of a 2005 publication by 

the South African Institution of Civil 

Engineering, Numbers and Needs, the 

following assertions are made:

 ■ “Political appointees have taken over 

the roles of technical and assistant 

technical managers, based on the 

belief that anyone with management 

qualifi cations or experience can 

manage anything. Th is is proving to be 

a major problem, as civil engineering 

infrastructure is complex and requires 

a thorough understanding of not only 

fi nancial and social issues, but technical 

issues before decisions can be taken.”

 ■ An inhibitor to recovery includes “non-

technical leaders making decisions 

relating to engineering departments, 

for which they are not qualifi ed, and/

or have no experience”. Th e example is 

quoted (p 69) that after the May 2000 

fl oods, six months elapsed before major 

1  Provincial roads in South 

Africa are in a parlous state
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repairs took place on aff ected provin-

cial roads. Frustrated staff  said that 

previously senior engineers would have 

dealt with the problem immediately 

and roads would have been repaired in 

weeks, if not days.

It is felt that staff  appointments within 

road authorities should be based on 

possession of the relevant qualifi cations 

and experience only. In addition, the 

procurement of professional consulting 

services and contracts for the execution 

of the work should be based only on the 

ability to do the work and price considera-

tions. Further road improvement projects 

should be determined by traffi  c generated 

needs only.

IMPLEMENTATION OF MAINTENANCE NEEDS
Road maintenance is a fundamentally 

diff erent process from building new 

roads. Construction activity usually 

involves projects with a defi ned start 

and fi nish; conversely maintenance is 

continuous. Whereas design and con-

struction is dominated by engineering 

issues, maintenance is essentially an 

integrated engineering management 

problem. In many countries, especially 

in Africa, it has proved very diffi  cult 

for road maintenance to be carried 

out eff ectively by state authorities, and 

many billions of capital assets have been 

eroded according to, inter alia, World 

Bank reports. Th e Bank also suggests 

that the road networks are “managed by 

bureaucratic roads authorities who have 

in general mismanaged the road assets 

under their control”. Added to this there 

is much evidence that we in South Africa 

often lack the ability to implement sound 

policy and planning. 

Improvements in meeting maintenance 

needs eff ectively require attention to the 

planning, programming, preparation and 

execution of the work, especially taking 

into account the serious consequences of 

unduly deferred maintenance. Skills need 

to be developed (or imported) and attention 

given to areas of defi ciency, which include 

analysis of the costs and benefi ts of timely 

maintenance, acquisition and use of the ap-

propriate network condition data, treatment 

selection, and prioritisation of the work to 

integrate needs with funding resources. Th e 

management of maintenance operations 

is the cutting edge of road maintenance. 

No matter how well activities are planned, 

programmed or prepared, unless the main-

tenance activities are eff ectively carried out 

to meet the requirements of quality, time 

and budget, the fi nal product will not ad-

dress the problem. Th e activities that need 

attention cover the full spectrum, from 

regular cleaning out of drainage facilities to 

major pavement rehabilitation work. Finally, 

the means of optimally procuring road 

maintenance work needs attention. Th ese 

include in-house activities, or by external 

contractors (in a variety of ways) or by a 

combination of the two.

EFFECTIVE USE OF 
LIMITED FINANCIAL RESOURCES
In order to eff ectively manage the fi -

nancing of roads, it should be recognised 

that such management rests on the fol-

lowing three legs:

 ■ Proper determination of the optimal 

quantum of road funds required

 ■ Determination of the appropriate 

source of road funds

 ■ Effi  cient use of the available funds.

Very often the funding levels requested 

by road authorities are nothing more than 

‘wish lists’ and are not based on realistic 

integration of physical and fi nancial plan-

ning. Th e last fully integrated and rational 

‘roads needs study’ for the South African 

road network was carried out in 1983. Th e 

author is not aware of any comprehensive 

study since then. Many of the estimates 

of backlog and roads needs during the 

intervening period appear to have been 

fi gures escalated from that study to take 

the current real Rand values into account, 

but not the consequences of delayed 

maintenance.

In order to gain the approval of the 

fiscal authorities for increased funding 

it is necessary to make a strong case 

in the face of the many competing 

demands for state funds – some of 

which have more emotional impact than 

others. During the past period of time, 

and led by SANRAL (South African 

National Roads Agency Limited), there 

has been a move to a more rational 

approach to the determination of the 

financial needs for road pavement re-

habilitation. However, there does not 

appear to be much evidence towards 

determining overall traffic capacity 

needs optimising the total road net-

work. Perhaps it is time for a ‘hard look’ 

at the optimal road network for the 

country, and how it should be provided 

and funded. 

There is only one source of funds 

for roads – the man or woman in the 

street. The issue is how best to gene-

rate the necessary level of funding, as 

determined above. The role played by 

the state in the management of public 

finance has, during the 20th century, 

increased in relation to previous ages 

when Adam Smith, for example, advo-

cated a pure capitalist economic system. 

Since that time there has been much 

debate on the role of, and extent of, 

expenditure by the state in the provi-

sion of public works. In the raising of 

revenue for financing public goods 

there are two sources generally con-

sidered – the user benefit (price) norm 

2
2  Towards making our provincial roads safer: 

on-site practical training for road engineers
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and the ability to pay (tax) norm. Both 

approaches have their pros and cons, 

but these will not be discussed in this 

short article. Additionally, a feature of 

public finance nowadays is the growth 

of ‘mixed economies’ which lean heavily 

on the private sector for economic 

development. If, for example, economic 

catalysts such as power, communica-

tion and water are provided through 

a system of user charging, why then 

should not roads, also an economic cat-

alyst, not be provided in the same way? 

For the sake of brevity it is suggested 

that economic roads be fi nanced by the 

price route (tolling) and social roads, 

which provide general access, be fi nanced 

through the tax route from general 

government revenues. Although it is not 

possible to classify provincial roads ac-

curately into one of these two classes, this 

should nevertheless be a broad principle 

in respect of funding these roads. Where 

tolling an economic road would lead to 

unacceptably high tariff s, because of 

insuffi  ciently high traffi  c volumes, con-

sideration should be given to the ‘Loan 

Supportable by Revenue’ (LSR) approach 

where government makes a grant to par-

tially cover the costs of construction or 

improvement. Th is philosophy was suc-

cessfully used on many of the existing toll 

roads in our country. 

Th e third leg relates to the effi  cient 

use of available funds. Th is includes 

aspects such as only employing compe-

tent consultants and contractors, eff ec-

tive quality control monitoring of the 

work, maintaining the road authority’s 

overhead administrative costs at as low 

a level as possible (5% to 10%), accurate 

costing of unit rates and projects, and 

appropriate intra- and inter-authority 

allocation of resources. Road main-

tenance in South Africa is probably 

adequately funded at the moment, but 

the actual expenditure is very ineff ective 

and ineffi  cient, resulting in signifi cant 

wastage and unnecessarily high levels 

of deterioration, with the resulting asset 

loss. Treasury is unlikely to increase 

funding whilst this is the status quo. It 

is demanding greater attention to road 

management in order to qualify for 

In order to gain the approval of 

the fiscal authorities for increased 

funding it is necessary to make 

a strong case in the face of the 

many competing demands for 

state funds – some of which have 

more emotional impact than 

others. During the past period of 

time, and led by SANRAL (South 

African National Roads Agency 

Limited), there has been a move to 

a more rational approach to the 

determination of the financial needs 

for road pavement rehabilitation
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Expertise:

government funding. Th e SARF strongly 

supports this stance. Th ere are many 

other facets of the effi  cient use of funds 

which need to be considered, but which 

will not be covered in this short article. 

ROAD NETWORK OPERATIONS 
IMPROVEMENTS
It is not enough to provide a road network 

– its operations need to be managed to 

enable attainment of optimum use. Some 

aspects of this include:

 ■ Regular safety audits of road infra-

structure. Formal inspections should 

be carried out once a year to access 

their condition both in the day and at 

night, and also during wet conditions. 

Typically road signs should be re-

placed every seven to eight years. Road 

marking could have a life of two to four 

years, depending on traffi  c and climate. 

Particular attention must be paid to 

signage at intersections, and to critical 

areas such as blind rises.  

 ■ Proper congestion management with 

inter alia better lane balance and im-

proved intersection control. Attention 

should also be paid to the simplifying 

of driver decisions, of which various 

techniques exist. 

 ■ Improved overload control. An example 

is the Road Transport Management 

System (RTMS), an industry-lead, 

government-supported, voluntary self-

regulation scheme that encourages con-

signees, consignors and road transport 

operators to implement the manage-

ment system (a set of standards), with 

outcomes that contribute to preserving 

road safety and increasing productivity. 

 ■ Road reserve management. Th is in-

cludes such activities as litter control, 

proper provision of safety barriers, 

proper fencing of the road reserve, 

control of unnecessary vegetation that 

obscures signs, and the cutting (rather 

than the current common practice of 

burning) of unwanted grass and other 

vegetation.

CONCLUSION
Provincial and some local authority roads 

are in a parlous state. Whilst there are 

many reasons which could be advanced 

for this state of aff airs, the South African 

Road Federation has proposed a ‘six point 

plan’ towards rejuvenating the network. 

However, for this to succeed, political and 

administrative will, in greater measures 

than has hitherto been apparent, needs to 

be exerted. 
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MANY AUTHORS HAVE written 

papers on road safety reduction strate-

gies. However, road accidents are not 

decreasing, and when they decrease 

they do not decrease at an acceptable 

rate. The Department of Transport 

(DoT) initiated the Arrive Alive Road 

Safety Campaign in 2007 with the aim 

of reducing road accidents. 

Th e main objectives of the campaign 

were:

 ■ to reduce the number of road traffi  c 

accidents in general – and fatalities in 

particular – by 5% when compared to 

the same period the previous year, 

 ■ to improve road user compliance with 

traffi  c laws, and 

 ■ to forge an improved working relation-

ship between traffi  c authorities at the 

various levels of government.

Around 1997 it was estimated that be-

tween 9 600 and 10 000 people died on 

South African roads every year. Almost 

150 000 people were injured in the 

approximately 500 000 crashes that oc-

curred each year. Besides the traumatic 

emotional cost this had on the social 

fabric of our society, the CSIR (Council 

for Scientific and Industrial Research) 

estimated that it cost the economy 

R11,9 billion (www.arrivealive.co.za).  

Figure 1 shows road fatalities per 

annum. In 2006 road fatalities were as 

high as 15 500. Since then there has been 

a slight decrease up to 2009, and in 2010 

the number increased again. Th e graph 

shows that, since 2001, fatalities were not 

less than 11 000 per annum, indicating 

that the Arrive Alive objectives are not 

achieved satisfactorily.

Th e fatalities per annum, as illustrated 

in  Figure 1, seem to be about 13 929 for 

the period 1 July 2009 to 30 June 2010 

(Road Traffi  c Report, 30 June 2010). Th is 

number is a combination of drivers, pas-

sengers and pedestrians. In addition, 

1 551 fatalities were reported between 

1 December 2010 and 8 January 2011. 

With all the road safety campaigns 

and strategies aimed at reducing fa-

talities, where are we getting it wrong? 

Why are we seeing an increase and not 

Andile Gqaji

Project Manager

SANRAL

gqajia@nra.co.za

Road Traffi  c Safety – 
who is responsible?
It is no secret that many people die on South African roads annually. What 

are we doing to reduce these fatalities? How many people have to die 

on our roads in order to take road safety seriously? Who is responsible for 

road safety? Is it the government?

Table 1  Number of fatalities per province from 1 July 2009 to 30 June 2010

Year GA KZ WC EC FS MP NW LI NC RSA

2008-09 2 446 2 904 1 410 1 343 855 1 879 1 132 1 413 297 13 679

2009-10 2 248 2 752 1 349 1 763 1 154 1 589 1 152 1 511 411 13 929

Change -198 -152 -61 420 299 -290 20 98 114 250

% Change -8,11 -5,23 -4,30 31,27 34,96 -15,42 1,80 6,91 38,20 1,83
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a reduction? Are the reduction strategies 

not being implemented soon enough, or 

are these strategies not eff ective enough? 

And who is responsible?

ROAD TRAFFIC MANAGEMENT 
CORPORATION (RTMC) – ROAD TRAFFIC 
REPORT 30 JUNE 2010
Th e following are some of the shocking 

facts recorded in the report:

Fatalities
Number of Fatalities
Over the 12-month period from 

1 July 2009 to 30 June 2010 the number 

of fatalities increased by 250 (1,83%) from 

13 679 to 13 929. Provincial details in this 

regard are given in Table 1.

Figure 2 (indicating registered and 

unregistered vehicles in each province) 

was extracted from the eNatis website 

to determine if there is any correlation 

between the number of vehicles in each 

province and the accidents occurring in 

that particular province.

Figure 3 is a graphical presentation of 

Table 1, refl ecting the fatalities per prov-

ince from 1 July 2009 to 30 June 2010.

For example, in KZN 2 752 fatalities 

(the highest) were reported (Figure 3) 

during the period 1 July 2009 to 

30 June 2010, but KZN is the province 

with only the third highest vehicle pop-

ulation (Figure 2). From this observa-

tion it seems that there is no correlation 

between the number of vehicles and the 

number of accidents occurring in each 

province. Could this perhaps mean that 

Gauteng and the Western Cape have 

more effective road safety campaigns 

than KZN?  

Number of fatalities per road user group
Th e information given in Table 2 shows 

that driver fatalities increased by 

56 (1,41%) from 3 962 to 4 018, and pas-

senger fatalities increased by 354 (7,16%) 

from 4 943 to 5 297, while pedestrian 

fatalities decreased by 160 (3,36%) from 

4 774 to 4 614 over the period from 

1 July 2009 to 30 June 2010.

Fatalities per age group and gender
The percentage of fatalities per age 

group and gender for the year 2009-2010 

(only the cases where this information 

is available) are reflected in Figure 4. 

The graph further illustrates that the 

20-35 age group, which is the young and 

economically active group, is the most 

affected one. 

Number of fatalities per 100 000 
human population
Th e number of fatalities per 

100 000 human population increased 

by 0,51% from 2008-09 to 2009-10. 

Provincial detail in this regard is graphi-

cally refl ected in the Figure 5.

Contributing factors of road accidents
Although the government endeavours 

to provide safe transport systems and 

infrastructure, the majority of accidents 

are caused by human error, as can be seen 

from Figure 6.  

Th e information in Figure 6 

shows that:

 ■ the human factor contributes 83,04% to 

the occurrence of fatal crashes, 

 ■ the road factor contributes 10,25%, and

 ■ the vehicle factor contributes 6,71%.

IMPACT OF ROAD ACCIDENTS ON THE 
COMMUNITY AND THE SOUTH AFRICAN 
ECONOMY 
Accidents not only have a negative impact 

on victims’ health, but also have a signifi -

cant social and economic impact on their 

families and on communities and the 

country as a whole. 

Within seconds lives are lost and dozens 

injured in South Africa. Despite road safety 

campaigns, fatalities continue unabated. On 

Table 2  Number of fatalities per road user group (1 July 2009 to 30 June 2010)

User Group 2008-09 2009-10 Change % Change

Drivers 3 962 4 018 56 1,41

Passengers 4 943 5 297 354 7,16

Pedestrians 4 774 4 614 -160 -3,36

Total 13 679 13 929 250 1,83

0
500 000

1 000 000
1 500 000
2 000 000
2 500 000
3 000 000
3 500 000
4 000 000

GA KZ WC EC FS MP NW LI NC

Total number of live vehicles

Total number of live vehicles

0

500

1 000

1 500

2 000

2 500

3 000

GA KZ WC EC FS MP NW LI NC

Number of fatalities

Number of fatalities

2

3

2  30 June 2010:  Live vehicle population as per 

the National Traffic Information System ( eNaTIS)

3  Number of fatalities per province 

from 1 July 2009 to 30 June 2010





14  Civil Engineering | September 2011 

average more than 11 000 South Africans 

died in road traffi  c accidents annually from 

2001 to 2010. Daily, 30 people are left disa-

bled by road accidents. All of this has a spill-

over eff ect on the country's economy.

From 1996 to 2006 road ac-

cidents cost the economy R581 bil-

lion (www.sabcnews.co.za – 4 January 2010). 

At the launch of the Decade of 

Action for Road Safety 2011–2020, 

Transport Minister Sibusiso Ndebele 

said that road deaths are a massive 

financial burden on society as they 

cost the country at least R60 billion per 

annum. On 11 January this year, during 

the handover of the Torch of Peace 

and the release of the 2010/11 Road 

Traffic Statistics at the offices of the  

Department of Transport in Pretoria, 

the Minister had the following to say: 

“Year in and year out a minority 

among us are responsible for the 

ghastly crashes which occur on our 

roads. Th e reduction of road deaths is 

no longer just desirable; it is an urgent 

non-negotiable. Th e question every 

South African must ask is: Who is it 

going to be this month? Which 1 000 

is it going to be in February 2011, 

which 1 000 in March, which 1 000 

in April? Is it going to be your neigh-

bour, your loved one? In any event, it 

is going to be a fellow citizen. Who 

among you are ready to be among the 

over 1 000 people who will defi nitely 

be killed on our roads over the next 

month, and the following month, and 

the month thereafter? For this reason 

we talk of carnage on South Africa’s 

roads. Carnage refers to the violent 

killing or slaughter of a large number 

of people. It is this certainty – that so 

many are going to die on our roads – 

which we must stop.”

UN DECADE OF ACTION FOR 
ROAD SAFETY 2011–2020 
In its 2009 report the  Commission for 

Global Road Safety issued a call for a 

Decade of Action for Road Safety. 

Th e Decade of Action for Road Safety 

is an initiative aimed at reducing road 

accidents. Leading road safety experts 

believe that, with the right action, up to 

5 million lives could be saved and 50 mil-

lion injuries prevented during the Decade 

of Action. Th is would represent a reduc-

tion of about 50% on the predicted global 

death toll by 2020, as shown in Figure 7.                                                          

“By making road safety a priority over 

the next decade we have the potential to 

save millions of lives, and to prevent many 

millions of injuries and disabilities,” said 

Michelle Yeoh, global ambassador for 

Make Roads Safe, when in March 2010 she 

addressed the UN General Assembly in 

New York.

According to Dr Kevin Watkins, UN 

development advisor, every year around 

80 000 children aged 5–14 in developing 

countries lose their right to education 

for a single tragic reason: they are killed 

on the world’s roads, often making the 

journey to school. 
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Ten reasons to act on road deaths 
 ■ 1,3 million people are killed on the 

world’s roads each year

 ■ road crashes kill more people than 

malaria does

 ■ 50 million people are injured, many 

disabled as a result

 ■ 90% of these casualties occur in deve-

loping countries

 ■ annual deaths are forecast to rise to 1,9 

million by 2020

 ■ road crashes are the Number 1 cause of 

death for young people worldwide

 ■ by 2015 road deaths will be the leading 

health burden for children over the age 

of fi ve in developing countries

 ■ the economic cost to developing coun-

tries is at least $100 billion a year

 ■ injuries place immense burdens on hos-

pitals and health systems, and

 ■ road crashes are preventable.

Th e South African National Roads 

Agency Limited (SANRAL) supports the 

UN Decade of Action for Road Safety 

2011-2020, launched by the Department 

of Transport on 11 May 2011. SANRAL 

CEO, Nazir Alli, said, "Ours is a pledge 

that goes beyond a decade, as SANRAL’s 

roads are safely engineered to last well 

beyond ten years. Ensuring road safety 

has always been, and will continue to be 

a central consideration in every decision 

made about the construction, mainte-

nance and operation of our national road 

network. As a roads agency, SANRAL 

will continue to use the best engineering 

techniques to provide a world-class road 

infrastructure to enhance the safety of all 

road users." 

CONCLUSION
In order to substantially lower the fatality 

rates on South African roads, an urgent 

mind shift is needed. All road users have 

to take road safety very seriously and 

should make it a matter of priority, starting 

right now. Each death is one too many. By 

acting responsibly, every driver, passenger 

and pedestrian will support government’s 

initiatives to reduce the road accidents that 

rob us of our loved ones. 

Government should continue its 

campaigns, road shows and awareness 

programmes to educate the public about 

road safety, as the majority of fatalities are 

caused by the human factor. 

Th e importance of safe road infra-

structure should also not be underesti-

mated. A safe and forgiving road system 

plays a very important part in road safety, 

as does the maintenance of that infra-

structure. Pedestrian safety should also 

always be borne in mind when conside-

ring a safe road infrastructure, especially 

in poorer communities where pedestrians 

are more prevalent. 

Combating road fatalities is no longer 

the government’s responsibility alone. 

To win this fi ght we all have to stand 

together.
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Vehicle maintenance in the 
minibus taxi industry
MINIBUS TAXIS IN South Africa are the 

most popular mode of public transport, 

mostly due to their fl exibility and rela-

tive convenience over the other modes of 

public transport. Th e industry has shown 

resilience and has grown signifi cantly over 

time amid many challenges. Th e informal 

nature of the industry has led to operators 

being in charge of most activities relating 

to operations, such as fare structure, fare 

types, routes, etc. Even though minibus 

taxis are popular and account for the 

majority of public transport trips, there 

are some aspects of operations that com-

muters are unhappy with, for example the 

high levels of fares, driving manner and 

the roadworthiness of some of the vehicles 

used.

Th e minibus taxi industry does not 

receive an operational subsidy and has 

always been in direct competition with 

other formal modes, such as rail and bus 

services which are granted an operating 

subsidy. More recently, as a result of in-

creasing car use and ownership, the car 

is fast becoming a major competitor as 

well. In addition, the rising levels of car 

use have led to congestion which has had 

a negative impact on travel times and the 

number of trips made, especially during 

peak periods.

Th e taxi recapitalisation programme 

was introduced as part of eff orts to for-

malise the industry and replace the old, 

unroadworthy fl eet of vehicles. Operators 

were given a scrapping allowance to be 

used as a deposit to purchase the new 

generation of vehicles approved as part 

of the programme. Th is purchase added 

a new item to operators’ expenses, in the 

form of a monthly repayment.

Th e costs carried by a minibus taxi 

operator to provide a service include 

the cost of fuel, vehicle repayment, 

maintenance, association membership, 

vehicle licence fees, traffi  c fi nes, etc. 

Th e main source of income is the fare 

revenue. Minibus taxi operators are 

running a business, and like many other 

businesses their main goal is to make a 

profi t. Considering these factors and the 

increased competition for passengers, 

minibus taxi operators have to fi nd ways 

to make their operations profi table. To 

do that, costs may be kept to a minimum, 

or alternatively fares may be increased 

to raise the revenue stream. However, 

increasing fares has a potentially negative 

impact on ridership levels; therefore op-

erators may be cautious in adopting that 

option. Keeping out-of-pocket costs as low 

as possible may be a better alternative for 

operators. Th erefore operators will spend 

only on items they cannot do without, 

such as fuel, while vehicle maintenance is 

often postponed for as long as possible.

Vehicle maintenance has a direct 

impact on a vehicle’s life span, reliability, 

operating costs and safety. Since vehicles 

are the primary assets in the minibus taxi 

industry, vehicle maintenance plays an 

important role in ensuring the sustain-

ability of the industry. Yet, the role of 

vehicle maintenance may not be fully 

appreciated by the industry. To the profi t-

driven operator, vehicle maintenance may 

just represent another expenditure item 

which should be avoided as far as possible.  

Vehicle maintenance operations 

in the minibus taxi industry have not 

been studied, despite its important role. 

Th eoretically, vehicle maintenance can 

be preventive or corrective, depending on 

whether the vehicle is maintained or serv-

iced, before or after a defect has occurred. 

In reality, vehicle maintenance will be 

based on some combination of preventive 

and corrective maintenance. Ideally, the 

ratio of corrective to preventive mainte-

nance should be 100:0, but unexpected 

defects and failures occur even if the best 

corrective maintenance plan is followed.

A few options are available to opera-

tors for vehicle maintenance. Minibus 

taxi operators can undertake their own 

maintenance or appoint an external party 

to perform their vehicle maintenance. Th e 

external party can be a formal or informal 

service provider. An informal service 

provider can be an individual or a group, 

while a formal service provider is often an 

accredited commercial garage. All these 

options have advantages, disadvantages 

and costs attached. In combination with 

these diff erent options, factors such as 

resources, expertise and parts used, aff ect 

the quality of maintenance performed. 

Where an operator performs his own 

maintenance, his costs will be minimal, 

as the cost of labour is eliminated, and he 

will likely use the cheapest parts available 

on the market. An accredited commercial 

garage, however, uses only parts recom-

mended by the manufacturer, and has a 

labour cost attached. Vehicle downtime 

is another key factor. By doing his own 

maintenance an operator can schedule 

maintenance activities to coincide with 

periods of low demand, thus minimising 

loss in revenue, while the vehicle down-
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time associated with taking a vehicle to a 

commercial garage is out of the operator's 

control and may lead to hours lost in rev-

enue. Performing one’s own maintenance 

may therefore seem an attractive option 

for a minibus taxi operator. By so doing 

he eliminates the cost of labour and 

avoids using expensive parts. 

An overwhelming majority of South 

Africans are transported in minibus taxi 

vehicles on a daily basis, vehicles of which 

the roadworthiness status is questionable. 

Standards prescribed are for testing vehi-

cles for roadworthiness, compulsory only 

during a vehicle’s registration. Th is means 

that there is no periodic compulsory 

vehicle roadworthiness testing in South 

Africa, which is a pity as such testing could 

be benefi cial. In addition, the parts and 

components used in minibus taxi vehicles 

are designed and tested under ‘normal’ 

operating conditions, while minibus taxi 

vehicles operate under strenuous condi-

tions. Th e commercial maintenance plans 

available on the market follow a preventive 

approach, but may not be suffi  cient for 

the minibus taxi industry. For example, a 

90 000 km plan will last for more or less a 

year, depending on the distance travelled, 

but is often expensive to continue with 

once it has expired.

Vehicle maintenance plays an impor-

tant role in ensuring the safety of minibus 

taxi users and in ensuring the sustain-

ability of the minibus taxi industry. Since 

the inception of the taxi recapitalisation 

programme, 28 318 vehicles had been 

scrapped by October 2010 (TSA*). Th e 

full extent of the impact that the recapi-

talisation programme had on the minibus 

taxi industry has yet to be determined. 

Th e main goal of the recapitalisation 

programme was to replace the old fl eet of 

vehicles with new, safer vehicles. However, 

maintenance of these vehicles has not been 

provided for in the programme. What 

will happen to these vehicles without ad-

equate maintenance? Research on vehicle 

maintenance in the minibus taxi industry 

is needed to understand the approaches 

that are being used and the implications 

thereof, and to devise appropriate meas-

ures to support vehicle maintenance. 

Among others, the following issues with 

regard to the minibus taxi industry need to 

be addressed:

 ■ Th e use of substandard parts 

 ■ Periodic vehicle testing

 ■ Vehicle maintenance guidelines

 ■ Development of suitable vehicle main-

tenance plans.

*TSA: Taxi Scrapping Administrator – mandated by 

the Department of Transport to implement and 

administer the vehicle scrapping process 

1

1  Minibus taxis are the main mode 

of transport for many, but their 

maintenance is a source of concern
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INTRODUCTION
At an intersection, the right turn is the 

movement with the highest accident 

potential and the lowest capacity. At the 

majority of intersections, right-turners 

must take gaps in opposing traffic. At a 

signalised intersection, drivers may be 

presented with a f lashing green arrow 

to aid the right turn. The SADC Road 

Traffic Signs Manual (RTSM) describes 

the decision as whether or not to install 

a protected right-turn stage as the single 

most important factor when designing a 

signalised intersection.

Permitted or protected
Where a separate right turn stage is not 

installed, a driver can take gaps or wait 

until the end of the green phase when 

opposing traffi  c is stopped, and then turn 

during the inter-green period. Th is is 

known as a permitted right turn. When a 

separate right turn stage (right turn fl ash) 

is provided, a driver can utilise this stage 

to make the right turn. Th is is known as a 

protected right turn.

In most cases where a right turn stage 

is installed, the driver has the choice of 

taking a gap or waiting for the right turn 

fl ash. Th is is the permitted/protected 

signal phasing. In some cases, turning 

in gaps is prohibited by a red signal and 

sign, and drivers may only turn during 

the right turn fl ash stage. Th is is the pro-

tected only signal phasing.

Table 1 from the Gauteng Department 

of Public Transport, Roads and Works 

Report BL03/01: “Double right turn lanes 

on provincial arterials”, April 2003, pro-

vides guidelines.

Lagging or leading
Once the decision to install a right turn 

fl ash is made, the question of whether the 

fl ash should be leading (protected before 

permitted) or lagging (protected after 

permitted) needs to be made. Th is article 

explains why lagging must always be 

favoured for safety and capacity reasons, 

but leading must be used if the fl ash is 

from one side only. 

REASONS FOR FAVOURING A LAGGING 
RIGHT TURN FLASH
Lagging greens comply with the rule of the road
Th e rule of the road is that right turners 

give way to traffi  c from the opposite 

direction. It is of course extremely im-

portant from a safety point of view that 

motorists comply with this rule. Where 

possible therefore, all traffi  c controls 

should give priority in accordance with 

Dr John Sampson

Managing Director

Transportation & Traffic Technology Africa (Pty) Ltd

sampsonj@tttafrica.co.za

Lagging versus leading 
green right turn arrows

Table 1  Permitted and protected phasing guidelines

Right-turn volume

per hour

Number of 

right-turn lanes
Right-turn signal phasing

0 – 120 1 Permitted

120 – 300 1 Permitted/Protected or Protected Only

300 – 600 2 Permitted/Protected or Protected Only

> 600 3 Protected Only
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this rule. A leading right turn arrow al-

lows right turning to take place before 

opposing traffi  c moves, hence violates 

this rule. In order that motorists do not 

get into a habit of turning in front of op-

posing traffi  c, it is therefore important 

to limit the application of leading green 

to only where a lagging green cannot be 

implemented.

Lagging greens improve road safety
One of the benefi ts cited for leading green 

is that opposing traffi  c is at rest when the 

turn is executed. Safety studies have not 

shown that the leading green is any safer 

than a lagging green, however, and in fact 

most studies show that the lagging green 

is safer. In isolated cases on high-speed 

roads, if the lagging green has had colli-

sion problems, special investigations are 

needed. Th e problem is more likely to be 

solved by preventing vehicles taking gaps 

(protected only phasing) rather than by 

leading greens.

Lagging greens meet user expectations
Drivers and pedestrians waiting at a 

signal will often observe the signal on the 

cross road and expect to get a green signal 

when the cross road signal goes red (this 

may not be ideal, but it is a fact). A leading 

green arrow gives rise to false starts when 

the expected green is not given and could 

lead to collisions. Furthermore, a driver 

in the through lane does not expect to be 

held up while a vehicle in the right turn 

lane adjacent begins to move, a situation 

occurring with double leading greens. 

If the green through signal is not shown 

simultaneously with the leading right turn 

fl ash, a dangerous confl ict can result.

Lagging greens eliminate hazardous late turns
Motorists turning right at a leading 

green often continue turning in front 

of oncoming vehicles even after the 

termination of the yellow arrow. This 

aggressive behaviour sometimes results 

in equally aggressive behaviour from 

motorists on the opposite side who start 

moving into the intersection as soon 

as the green for them is displayed. This 

can result in crashes.

Lagging greens increase capacity
Th e most diffi  cult movement at an inter-

section and the movement with the lowest 

capacity is the right turn. In the case of a 

lagging green arrow, motorists move into 

the intersection and wait for an oppor-

tunity to turn right. As soon as there is a 

suitable gap, or as soon as the right turn 

fl ash starts, they are ready to turn and 

effi  ciently use the available time.

With a leading right turn arrow, right 

turning motorists are waiting back at the 

stop line when the arrow starts. At the 

commencement of the fl ash, they must 

observe and react to the (unexpected) 

arrow, proceed into the intersection, 

check that the opposing vehicles are not 

moving and then only make the turn. 

Sometimes, especially if they are not 

aware of, or are not expecting, the arrow, 

there can be additional delay before the 

motorist realises (usually by the person 

behind hooting) that he has the priority. 

1

1  Terminating a right turn flash
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Th e lagging green has a higher capacity 

(two to fi ve vehicles per cycle) than leading 

green, especially at wide intersections.

Lagging greens improve the 
effi  ciency of vehicle actuated signals
If vehicle-actuated control is used at a 

signalised intersection, a lagging arrow 

is more effi  cient. Th e right-turn phase is 

called only if a vehicle is detected waiting 

to turn at the end of the stage. Th e lagging 

arrow will therefore be called at the end 

of the main green phase only if there are 

right-turners who could not accept gaps 

during the permitted phase and are still 

waiting to execute the right turn. In con-

trast, the leading arrow will almost always 

be called at the start of the main green 

phase because vehicles would have arrived 

during the red. Th e signal does not know 

whether these right-turners will be able 

to accept gaps during the following phase. 

To partially overcome this problem with 

leading greens, the detector loop is often 

placed well behind the stop line.

Lagging greens allow for balanced fl ows
If the right turn volumes on opposite sides 

both require a protected phase, or require 

a fl ash on opposite sides at diff erent times, 

it is preferable and more effi  cient to use 

a lagging green, due to the scenarios de-

scribed above.

REASONS FOR FAVOURING LEADING ARROW
Leading greens cater for unbalanced fl ows
It is a common occurrence, especially 

during peak periods, that due to tidal fl ows 

the majority of through and right turn 

traffi  c are on the same side of the intersec-

tion with little opposing traffi  c. In these 

cases, it is advantageous to be able to dis-

play the through green and protected right 

turn fl ash at the same time while the op-

posite side is stopped. At a cross-junction 

with all movements permitted, this can 

only be done by means of a leading green.

Th e reason why a lagging right turn 

green running at the same time as the 

through green cannot be used for the same 

purpose is that it causes an extremely dan-

gerous situation for any right turning vehi-

cles on the opposite approach (a situation 

known as the right turn trap). If this type of 

single right turn lagging green is installed, 

in the preceding phase the adjacent through 

movements proceed from both sides and 

right turning vehicles move into the inter-

section waiting to turn. If the single lagging 

green phase then commences, the right 

turning vehicles on the opposite side do 

not get a fl ash but see a yellow followed by 

a red signal. As they are now ‘stranded’, or 

‘trapped’ within the intersection, they will 

try to clear the intersection by turning right 

in the face of oncoming traffi  c, not realising 

that vehicles coming from the opposite side 

still have a green signal. A lagging right turn 

green from one side only is therefore never 

allowed when right turns from both sides 

are permitted.

Th is problem does not arise at 

T-junctions, diamond interchanges, or 

cross-junctions where the cross-road is 

one-way, so here the lagging green is again 

preferred.

Leading greens allow for 
shared lanes and short auxiliary lanes
In cases where right-turners share lanes 

with other movements (combined straight 

and right road marking) or the auxiliary 

lane is very short, a leading arrow is prefer-

able. Th e right-turners in the shared lane or 

overfl owing from the short right turn lane 

will be able to turn unopposed at the start 

of the through green, and do not need to 

wait for gaps in opposing traffi  c; hence they 

do not delay through movements when the 

green signal begins. Th e likelihood of right 

turners delaying through vehicles later in 

the cycle is also reduced, as the majority of 

right turners would have been catered for 

during the protected phase.

Phase skipping
It is sometimes desirable to have the pro-

tected right turn phase running during 

peak periods only. During off -peak periods, 

right turners will use the permitted phase. 

With leading green, skipping the phase 

when it is not needed is less likely to lead to 

problems. With a lagging green, motorists 

may not wish to take gaps and will wait for 

the protected phase to begin. When this 

phase is skipped, they are ‘stranded’ in the 

middle of the intersection. While this can 

still happen in the leading green case with 

the stranger who observes the right turn 

head and expects a protected phase, it is 

less likely to occur as most motorists will 

know that the protected phase has been 

skipped. In general however, because of the 

confusion that it creates, it is not recom-

mended that phases are skipped.

Phase rotation
A further advantage of leading green is 

that it can be rotated from one side of 

the intersection to the other to cater for 

the changing direction of higher demand 

fl ows. It may be desirable to have the pro-

tected phase on opposite sides of the inter-

section during AM and PM peak periods 

for example. Th is, of course, is not neces-

sary with lagging greens which serve both 

sides; neither is phase skipping necessary.

OTHER CONSIDERATIONS
Signal coordination
In certain instances, the green wave in a 

coordinated signal system can be aff ected 

by whether the fl ash is displayed before 

or after the main phase, especially if the 

intersection involved is a T-junction. While 

this is unlikely to be a determining factor, it 

should be noted that either a leading or lag-

ging green could be fi tted into the progres-

sion scheme on an arterial. Th ese situations 

need to be considered on their merits when 

the coordination plan is prepared.

Pedestrians
Th e RTSM states that a lagging green 

creates better separation between right-

turning traffi  c and pedestrians. 

CONCLUSION
To provide for national consistency, 

standardisation and safety, the following 

rules are proposed:

 ■ Lagging green arrows are safer, more 

effi  cient and more eff ective than leading 

green arrows. 

 ■ Lagging greens maximise capacity, 

meet user expectations and comply 

with the rule of the road.

 ■ Th erefore, when the protected right 

turn phase green signal (fl ashing arrow) 

is required, a lagging green is preferred.

 ■ If the fl ash is displayed on both sides 

together, a lagging green must always 

be used.

 ■ However, when the protected right 

turn green signal (fl ashing arrow) is 

displayed from one side only on a two-

way street, a leading green must always 

be used. Th e through green signal (solid 

ball) must be displayed at the same 

time as the fl ash.

 ■ When a protected right turn phase is 

introduced, especially a lagging phase, 

it should be shown all day (24 hours). 

Th is rule will ensure consistency, as 

well as vehicle and pedestrian safety. 

NOTE
The original of this article was written by Dr 

J D Sampson, Jeff ares & Green (Pty) Ltd, on 

22 May 2003. 
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Real-time traffi  c speeds on South African roads: 
the technology, applications and possibilities

The advent of commercial GPS 

technology and the inexpensive 

wireless transfer of bulk data 

via GPRS, coupled with a large 

installed base of vehicles tracked 

for security / recovery purposes, 

have facilitated anonymous real-

time traffic speed monitoring on 

the country's roads. In this article 

the underlying technologies are 

explained and the development of 

a system which graphically displays 

average speeds and current 

journey times is described. Other 

applications, actual and potential, 

are also discussed

DEFINITIONS AND ACRONYMS
For defi nitions of terms, and an explana-

tion of the acronyms associated with the 

various technologies, please refer to the 

list at the end of the article.

REAL-TIME TRAFFIC SPEED
Th e ability to measure / monitor the 

speed of traffi  c in real time1 gives a unique 

insight into the performance of a road 

network. Th is in turn facilitates more 

eff ective operation and management of 

the network, and identifi cation of areas 

where improvements are required. And, 

as traffi  c speed and journey-time are 

experienced directly by road users, the 

measurement of these factors provides an 

objective tool for user-centric perform-

ance evaluation of the road network.  

GPS-BASED VEHICLE TRACKING
Early vehicle-tracking systems used ter-

restrial wireless technology, with the posi-

tion of the tracked vehicle being inferred 

from triangulation of signals received by 

antennae installed at known locations. 

Not only did this require the deployment 

of dedicated antennae and receivers on 

a very wide and costly scale, it also only 

facilitated approximate location of the 

tracked vehicle.

When non-military devices utilising 

GPS technology started appearing in the 

late 1990s, the potential application of this 

system to vehicle tracking and recovery 

was obvious. But the problem remained 

of how to remotely monitor the location 

of tracked vehicles economically. Th e 

digital cellular communication network 

provided a solution to this problem, with 

tracking companies initially making use 

of the short message service (SMS) facility 

for the exchange of data between tracked 

vehicles and monitoring centres. Th e age 

of 'vehicle telematics' had dawned. 

Th e high cost of SMS messaging 

necessitated very judicious use of this 

technology, i.e. the frequency of commu-

nications between the tracked units and 

the monitoring centre had to be carefully 

managed in order to keep costs down. 

In eff ect, the tracked units only reported 

their position when a specifi ed event (e.g. 

unauthorised starting of the vehicle, or 

a message from the monitoring centre) 

switched the device into reporting mode. 

Th e picture changed with the ap-

pearance of GPRS, which facilitated the 

economical exchange of larger volumes 

of data between tracking units and the 

monitoring centre. Th is allowed for 

continuous tracking of vehicles, under 

both normal and 'emergency' conditions 

(although the reporting frequency is typi-

cally higher under emergency conditions). 

 Tracker adopted the GPS / GPRS 

technology aggressively, and now has more 

than 150 000 installed units of this type 
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throughout South Africa2. Tracker also 

took the decision to adopt a high reporting 

frequency (typically two minutes under 

normal conditions) for the GPS-based 

units. Th is results in some 15 million re-

ports being received daily from these units 

by Tracker's monitoring centre.

THE TRAFFICTRACKER™ SYSTEM
Th e enormous volume of data received by 

the monitoring centre presents a unique 

opportunity for aggregation and analysis. 

Th e Traffi  cTracker system was developed 

to use the data to generate a graphical dis-

play of average traffi  c speeds on the urban 

freeways in Gauteng, greater Durban and 

greater Cape Town, and also on the N3 

route between Johannesburg and Durban. 

In the case of Gauteng, the system also 

calculates current journey times between 

major nodes on the network.

Only 'anonymous' data that is relevant 

to the determination of network speeds is 

used, i.e. time, location (GIS coordinates), 

heading and instantaneous unit speed. 

All personal information and all unique 

identifi cation relating to the data source 

are removed before processing. A decision 

was also taken to eliminate data origi-

nating from heavy vehicles, as it was felt 

that these vehicles would artifi cially sup-

press the average network speeds under 

free-fl ow or near free-fl ow conditions.

Th e fi rst stage of processing involves 

the association of data points with relevant 

segments of road. Data is assembled for 

each segment in fi ve-minute periods. At 

the end of each period, the average speed 

for each road segment is determined, using 

a time-weighted formula. Th is is done to 

ensure that the latest speeds are refl ected, 

which is of particular concern in cases 

where the traffi  c conditions on a segment 

are changing rapidly, for example due to 

the occurrence of an accident. 

For convenient graphical representa-

tion, average speeds are grouped into 

one of four categories and colour-coded 

accordingly. In cases where no average 

speed is available (due to paucity of data) 

the relevant segment is not colour-coded. 

Figure 1 shows average speeds on 

freeways in greater Johannesburg as rep-

resented by the Traffi  cTracker system at 

5:00 pm on Tuesday 12 July 2011.

In addition to average traffi  c speeds, 

the system also shows (by means of ap-

propriate icons) the location of known 

incidents, including roadworks, accidents, 

stationary vehicles, etc. (Incident informa-

tion is sourced from Traffi  cNet's incident 

database, having been received from road 

users, emergency services, etc, and veri-

fi ed by Traffi  cNet.)

Th e numbers alongside the carriage-

ways in Figure 1 refl ect current journey 

times between major nodes on the net-

work3. Th ese journey times are computed 

by summating travel times for each road 

segment in the journey, based on the 

computed average traffi  c speeds. For 

comparative purposes, the corresponding 

'best' journey times have also been com-

puted, based on the applicable legal speed 

limit(s). 

It could be argued that, from a theo-

retical viewpoint, the relatively small 

sample size of around 1,5% (tracked 

vehicles vs total number of registered 

vehicles) presents a weakness. In practice, 

however, roads carrying high volumes of 

traffi  c, and zones of congestion (associ-

ated with slow-moving traffi  c) inexorably 

result in higher tracked-vehicle densities 

and therefore higher volumes of real-time 

speed data. Th e result is that the best data 

is available for the roads and zones that 

are of the greatest interest.

Signifi cantly, after more than two years 

of use, it has been found that the system 

is very refl ective of actual conditions (and 

particularly congested conditions) on the 

freeways covered, as reported by road users 

on the aff ected roads.

CURRENT AND POTENTIAL USES OF REAL-
TIME TRAFFIC SPEED INFORMATION
Th e Traffi  cTracker system, which came 

into use in late 2008, has been used by 

Traffi  cNet, SA's largest independent pro-

vider of traffi  c information and reports 

to the broadcast industry, to enhance the 

scope and accuracy of its information, and 

is also used by a major network operator 

as a supplementary source of information 

on the urban freeway network.

Traffi  cNet has found that eyewitness 

reports of accidents and incidents on free-

ways, particularly during busy periods, 

are rapidly confi rmed by a lowering of 

the average speed on the aff ected road(s). 

Conversely, a rapid reduction in average 

speed is often indicative of the occurrence 

of an incident, the nature of which is 

subsequently established through contact 

with the relevant network operators, 

traffi  c authorities or emergency services. 

Th e system also provides an accurate 

indication of the extent to which an incident 

is aff ecting traffi  c fl ow, both on roads di-

rectly aff ected by the incident and on other 

roads (or other carriageways) as a result 

of 'spectator value'. Similarly, the clearing 

of incidents and the associated return to 

'normal' traffi  c fl ow conditions can now be 

established with a much greater degree of 

certainty than was previously possible.

For a network operator, the system 

provides an early warning of abnormal 

conditions, and facilitates improved re-

sponse times to incidents, including the 

location and timing of freeway closures 

necessitated by the occurrence of major 

incidents. It also highlights systemic 

problem areas on the road network.

Real-time traffi  c information derived 

from tracked vehicles, together with inci-

dent information sourced by Traffi  cNet, 

is providing signifi cant input into the live 

traffi  c capability that became available on 

TomTom™ connected4 PNDs in mid-2010. 

Th is is a 'game-changing' application, 

which gives road users the full benefi t of 

country-wide historic and real-time cur-

rent traffi  c data for all classes of road, and 

computes optimal routes on-the-fl y5. 

Navigation incorporating real-time 

traffi  c speed information is also becoming 

available on other platforms, such as 

smart phones.

Current journey times on key 

stretches of the Gauteng freeway network, 

computed in the manner described above, 

will soon be made available to road users 

by means of electronic advertising bill-

boards located at or near the freeways or 

on-ramps.

Applications currently under inves-

tigation include the adaptive control of 

large signalised intersections on the basis 

of real-time vehicle monitoring, and the 

use of historical traffi  c speed information 

as a benchmark to facilitate performance 

assessments associated with physical im-

provements to the road network.

DEFINITIONS AND EXPLANATION OF 
ACRONYMS APPEARING IN THIS ARTICLE
GIS: Geographical / Geospatial 

Information System. 

GPS: Global Positioning System. Space-

based global navigation satellite system 

that provides location and time informa-

tion anywhere on or near the earth, where 

there is an unobstructed line of sight to 

1  Average speeds on freeways in 

greater Johannesburg as represented 

by the TrafficTracker system at 

5:00 pm on Tuesday 12 July 2011
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four or more GPS satellites. It was initially 

developed by the United States for military 

purposes, and civilian use was somewhat 

restricted until May 2000, when users were 

permitted to receive non-degraded signals, 

facilitating accurate location.

GPRS: Global Packet Radio Service. A mo-

bile data service utilising grouped blocks 

of data or 'packets'.

SMS: Short Message Service. Th e text com-

munication service component of phone, 

web or mobile communication systems, 

using protocols that allow the exchange of 

short text messages between fi xed line or 

mobile phone devices.

PND: Personal Navigation Device. Often re-

ferred to colloquially as a 'GPS' or 'satnav'.

Tracking unit: Electronic device installed in 

a vehicle that allows for the location of the 

vehicle to be monitored remotely.

Monitoring centre: Facility operated by a 

vehicle tracking company, where the loca-

tion of tracked vehicles is monitored.

Heading: Direction of travel, measured in 

degrees clockwise from map north.

Mapset: A set of GIS data that is used for 

display and analysis of geographic fea-

tures. Due to the constant change in the 

road network, mapsets have to be updated 

regularly.

Segment (road): A section of road between 

intersections or other points (for example 

freeway off -ramps).

Vehicle telematics: Th e integrated use of 

telecommunications and information 

technology for application in road vehicles 

and for control of vehicles on the move.

NOTES
1 More precisely, 'near' real-time, as there is 

inevitably a delay between measuring 

and reporting data; in the case of the 

Traffi  cTracker system the delay is between 

three and fi ve minutes.
2 Tracker still supports a very large base of 

legacy units based on terrestrial wireless 

technology. 
3 Journey times are rounded up to the nearest 

minute. 
4 These devices both receive and transmit data 

via the cellular network, and are them-

selves anonymous sources of traffi  c data.
5 The devices receive updated traffi  c informa-

tion every two minutes.  
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Road Access Management:
classifi cation of activity routes
INTRODUCTION
Th e road classifi cation system is the foun-

dation of any access management program1 

and has been an integral part of access 

management manuals in view of its impor-

tance in distinguishing between diff erent 

facilities. Th e traditional approach followed 

in South Africa (and elsewhere) is based on 

Figure A, which indicates a continuum of 

mobility and access functions, thereby de-

fi ning a Class 3 route as a route providing 

a mixture of mobility and accessibility, or 

a so-called activity route. In some contrast 

with this approach is the work of Brindle2 

in Australia, who indicated freeways, arte-

rials and collectors as “movement” routes 

and local roads providing the access func-

tion (see Figure B).

Building on this, the classifi cation ap-

proach shown in Figure C has now been 

suggested in South Africa3, indicating a 

quantum jump between mobility and ac-

cess routes. Th e objective of this article is 

to investigate this issue, including a desk 

top review and an analysis of at least one 

typical local corridor, in an eff ort to clarify 

the approach to road classifi cation, and 

specifi cally activity routes. Th e basic ques-

tion is how the existing and traditional 

Class 3 road classifi cation (i.e. collectors/

routes providing a mixture of mobility and 

accessibility) must be treated, should the 

new classifi cation system be accepted.

LITERATURE REVIEW
Th e following functional road classifi ca-

tion system is advocated by most from a 

traffi  c engineering perspective:

Mobility: Freeways and arterials (major and 

minor) – typically Class 1 and 2 roads. 

Th e mobility function for longer distance 

traffi  c is paramount.

Mobility/Accessibility: Collectors – typically 

Class 3 roads. Th e function is twofold: 

(i) distribute traffi  c between the arterial 

system and local roads, and (ii) provide 

access to abutting property.

Accessibility: Local roads and streets – typi-

cally Class 4 and 5.

Stover and Koepke4

Stover and Koepke4 considered a func-

tional road network to provide for a 

“gradation in function from access to 

movement”. This gradation is consid-

ered a “continuum from unrestricted 

access (no through traffic) to full con-

trol of access (no local traffic)”. Figure A 

is a representation of their view on the 

relationship between access and move-

ment. It is concluded that there are “no 

definable boundaries between one func-

tional class and another”. Collectors are 

defined as providing both land access 

and movement within residential, com-

mercial and industrial areas.

Stover and Koepke acknowledged 

that the above model has been criticised 

by Brindle and others for creating a 

broad range of collectors between the 

major traffic routes. Except for referring 

to the different view, no clear position is 

taken about it.

COLLECTORS

LAND ACCESS 

MOBILITY

PROPORTION OF SERVICE 

LOCALS

ARTERIALS

Func on

Movement

Access Local

Freeway
Arterial

Collector

A

B

A   Highway functional classification 

(AASHO 1964)

B  Movement versus access (Brindle 1987, 1996)
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Access Management Manual (AMM)1

Th e AMM includes inter alia the fol-

lowing points:

a)  Th e appropriate degree of access con-

trol varies according to:

 the functions and traffi  c characteris-

tics of a roadway

 the character of abutting land

 long-term planning objectives

b)  Access management implies trade-

off s between competing objectives, 

and therefore the appropriate amount 

and type of access are ultimately de-

cided on the basis of policy.

c)  Th e concept of access category is 

introduced and it is then equalled to 

a functional road classifi cation. It is 

not clear why the road classes have 

to be called access categories as well.   

Th e AMM suggests that collectors 

provide for traffi  c movement between 

arterials and local streets, while it 

may also provide access to abutting 

properties, i.e. a dual functionality.

Brindle6

Brindle introduced new thinking on the 

matter of a gradual gradation of function 

from mobility to accessibility. His point 

of departure is that in existing networks 

most roads do not serve dual functions, 

i.e. in practice roads have developed such 

that they are either mobility or access 

routes. Th is then leads to his argument 

for a quantum jump in road function 

between mobility and access routes. In 

South Africa, it is considered that there 

are in fact many routes with the dual 

function characteristic – generally re-

ferred to as activity routes. It is assumed 

that Brindle focused on servicing sub-

urban residential areas.

Sampson7

It appears as if Sampson has accepted 

Brindle’s motivation. Th e point of de-

parture is the determination of whether 

a road section has to serve the mobility 

or activity/access function. Th e mobility 

and access activities are considered 

incompatible. Having routes which 

equally serve both functions is consid-

ered counter-productive and dangerous, 

hence the need for the road network to 

be split into one of two groups, according 

to which the function of a road section is 

to be primarily mobility or access. Th is 

approach is illustrated in Figure C.

Comment
An interesting point here is the differ-

ence in interpretation of Brindle’s func-

tional distribution6, specifically where 

the quantum jump in functionality 

between movement and access occurs:

Brindle6:  Between local distri-

butor (collector) and 

local street

Stover/Koepke4 

interpretation:  Between major and 

minor collector, al-

though some fi gures, 

labelled an “expan-

sion”, show between 

minor collector and 

local street

Access
func on

Tra c
func on

Minor Local Local District Primary Regional

Access Streets Distributors ROAD TYPE

serves only a
network func on 

no access

access only for
land service

no network
func on

100% 100%

% TRAFFIC
FUNCTION

% LAND
SERVICE

Arterials Distributors Access streets

Class 1
Principal
Arterial /

Freeway /
Expressway

(2500 m
spacing)

Class 2
Major

Arterial /
Highway
(800 m

spacing)

Class 3
Minor

Arterial
(600 m

spacing)

Class 4
Collector

(50 m
spacing)

Class 5
Local

Street
(15 m

spacing)

ACCESS

MOBILITY

100%

0%

C

D

C  Mobility vs access adjusted3

D  Brindle’s6 view on the “jump” in traffic 

function between access provision and mobility

E  Map of a typical urban corridor 

representing middle to higher income 

areas – east/west corridor relative to the 

complete Cape Town metropole
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Latest South 

African proposal3:  Between arterial and 

collector (Figure C)

Closer evaluation of Reference 6 indicates 

that the Stover/Koepke interpretation 

of Brindle’s proposal might be incorrect 

– see Figure D. Brindle’s jump between 

access and mobility is really focusing on 

the local street level in residential areas. 

Distributors (or collectors, i.e. Class 3 

routes generally) are seen as part of the 

mobility routes and the jump is really 

proposed between distributors and local 

streets. Th is is diff erent to the latest South 

African proposal3.

CORRIDOR ANALYSIS
Background
In an eff ort to evaluate the impact of the 

diff erent views on where collectors fi t 

in, a corridor that can in many ways be 

considered typical of middle to higher 

income areas in South Africa, and which 

is often used as an example of a typical 

urban corridor, was selected. Th e location 

of the east/west corridor relative to the 

complete Cape Town metropole, is shown 

in Figure E. Cape Town, one of the major 

harbour cities of South Africa, has a pop-

ulation of around 3,5 million people in an 

area of roughly 25 by 30 km, i.e. 750 km2.

The selected corridor lies between 

the present CBD of Cape Town in the 

west and the eastern and northern 

suburbs in the east. The boundaries 

have been selected to be the N7 freeway 

in the west and Okavango Road in the 

east. The corridor consists mostly of 

medium to higher income residential 

areas – density between six and twenty 

dwellings/hectare. Strip development 

is evident around the Class 3 route in 

the corridor, and four large shopping 

centres (two of them regional shopping 

centres of around 100 000 m2 GLA) 

have developed close to the major mo-

bility route, the N1 freeway.

Th e length of the selected corridor 

is approximately 17 km and the width 

around 6 km. Th e corridor is served by 

three major east/west routes and a com-

muter rail line (for a portion there are two 

rail lines). Th e three major routes are:

 ■ Th e N1 freeway 

(largely three lanes/direction) 

– Class 1 route

 ■ Frans Conradie Avenue 

(largely two lanes/direction) 

– Class 2 route

 ■ Voortrekker Road 

(largely two lanes/direction) 

– Class 3 route

It can safely be said that there are no 

further opportunities for Class 1, 2 or 3 

routes in the corridor. Th e Class 2 route 

is generally spaced 600 m south of the 

freeway and the Class 3 route is located 

approximately 2 km to the south of the 

freeway. Based on the general spacing 

guidelines for major routes, there should 

have been at least two Class 2 routes in 

the corridor, which is not the case. Ideally, 

there should have been at least four or fi ve 

Class 3 routes, but there is only one con-

tinuous route and a second discontinuous 

one. It can be concluded that higher order 

routes are underprovided in the corridor, 

and the importance of protecting the mo-

bility function of the three existing higher 

order routes should be clear.

E
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Survey of the three 
routes reveals the following:
The N1 freeway (Class 1) has ten inter-

changes over the 17 km length. When 

compared with typical geometric design 

guidelines, interchange spacing on the 

freeway almost complies, except for one 

instance where the distance between 

yellow line breakpoints is substantially 

below standard (about 100 m, whereas 

geometric standard requires 1 300 m).

Frans Conradie Avenue (Class 2) has 82 street 

intersections over the 17,4 km length, 

implying an average street spacing of 

215 m. The spacing of street intersec-

tions varies between 50 and 680 m. 

Thirty-four of these street crossings are 

signalised, implying an average spacing 

between signals of 530 m. Some signals 

are as close as 200 m apart. In addition 

to the street crossings there is a further 

152 driveways to properties, implying a 

total of 234 access points at an average 

spacing of approximately 75 m.

When compared with the local pro-

vincial access spacing guidelines5 (sub-

urban environment), the average street 

spacing should be 270 m and the signal 

spacing should be 800 m. Clearly, there 

is no compliance on this average com-

parison, and many of the individual in-

tersections also do not comply. Driveway 

access onto this class of road is not al-

lowed according to the local guidelines. 

It can therefore be concluded that the 

spacing of signals, streets and driveways 

on the only Class 2 route in the corridor 

does not comply with the local guidelines 

by a substantial margin.

Voortrekker Road (Class 3) has 128 street 

intersections over the 16,6 km length, 

implying an average street spacing of 

130 m. The spacing of street intersec-

tions varies between 30 and 600 m. 

Forty-five of the street crossings are 

signalised, with an average spacing 

between signals of 380 m. Some signals 

are as close as 80 m apart. In addition 

to the street crossings there is a further 

114 driveways to properties, implying a 

total of 242 access points at an average 

spacing of just under 70 m.

When compared with the local pro-

vincial access spacing guidelines (“sub-

urban” environment), the average street 

spacing should be 180 m and the signal 

spacing 540 m. For the ”intermediate” 

environment these spacings are 120 and 

375 m respectively. The area served by 

Voortrekker Road can be considered a 

mixture of suburban and intermediate 

environments. It has to be concluded 

that there is no compliance on this 

average comparison, while many of the 

individual intersections also do not 

comply. Driveway access onto this class 

of road in the suburban environment 

is not allowed, but for the intermediate 

environment, spacings of 45 to 75 m are 

required for driveways. It is clear that 

the spacing of signals, streets and drive-

ways on the only continuous Class 3 

route in the corridor does not comply 

with the local guidelines.

Impact of local proposal
Th e current local proposal shown in 

Figure C would imply the following 

for the existing Voortrekker Road 

(Class 3 route) – either the route has 

to be re-classifi ed as a Class 3 minor 

arterial, or it has to be de-classifi ed as a 

Class 4 collector. 

First option: It would be virtually im-

possible to ever comply with the higher 

access spacing requirements of a Class 3 

arterial route. Major retrofi tting would 

be required to bring existing accesses in 

line with the requirements for a Class 3 

minor arterial.

Second option: De-classifi cation 

would be the only feasible solution in 

practice, but it would be negative from a 

mobility viewpoint, as the lack of mobility 

routes would be worsened.

It would therefore seem that the 

current local proposal of denying the 

existence of dual function routes does not 

make sense in the selected corridor. Th is 

situation is likely to exist in many other 

locations and the proposal can therefore 

not be supported.

CONCLUSIONS
 ■ Th e new local proposal that there 

should be a ”jump” in road function 

between mobility and access routes, 

and that it should be between arterials 

and collectors, can be considered a 

variation to the suggestions of Brindle.

 ■ Th e selected section of the N1 

freeway (Class 1 – Cape Town cor-

ridor) almost complies with local 

access management guidelines.

 ■ Th e spacing of signals, streets 

and driveways on the only Class 2 

route in the corridor does not 

comply with the local guide-

lines by a substantial margin.

 ■ Th e spacing of signals, streets and 

driveways on the only continuous 

Class 3 route in the corridor does not 

comply with the local guidelines.

 ■ Th e current local proposal of denying 

the existence of dual function routes 

does not make sense in the selected 

corridor. Th is situation is likely to 

exist in many other locations and the 

proposal is therefore not supported.

 ■ Th ere clearly is a need to obtain 

more clarity on road classifi ca-

tion, and specifi cally the matter of 

a continuum of function versus a 

quantum jump between mobility 

and accessibility functions.
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Brindle introduced new thinking on 

the matter of a gradual gradation 

of function from mobility to 

accessibility. His point of departure 

is that in existing networks most 

roads do not serve dual functions, 

i.e. in practice roads have developed 

such that they are either mobility 

or access routes. This then leads 

to his argument for a quantum 

jump in road function between 

mobility and access routes







Civil Engineering | September 2011 33

Dr Martin Slavik Pr Eng

Technical Specialist

Transport Planning

BKS (Pty) Ltd

martins@bks.co.za

Using Weigh-in-Motion measurements
BACKGROUND
A study covering the fi rst quarter of 2011 was done on Weigh-

in-Motion (WIM) records of thousands of heavy vehicles at 

seven installations where large amounts of data were available 

for analysis. Th e purpose of the study was to quantify confi dence 

in characteristics obtained from WIM measurements, such as 

axle loads, their standard equivalents (E80s), and magnitude and 

severity of prosecutable overloading.

INTRODUCTION
Two major fi elds of interest in which the WIM information is 

sought are:

 ■ pavement engineering, and

 ■ law enforcement against overloading.

Of interest in the fi eld of pavement engineering are:

 ■ static mass-loads of heavy-vehicle (HV) axle-groups (AG), and

 ■ E80 (also called ESAL, Equivalent Standard Axle Loads) per 

heavy vehicle.

In the fi eld of law enforcement, information is required on two 

aspects of overloading, namely:

 ■ extent – the percentage of heavy vehicles loaded above permis-

sible limit, and 

 ■ severity – the percentage by which overloaded vehicles exceed 

the permissible limit.

A WIM scale is calibrated to estimate static axle loads from the 

measurement of dynamic loads. Th is process is subject to error. 

Th e diff erence between static and dynamic loads causes secondary 

errors in characteristics deduced from WIM measurements, such 

as the axle-group loads, gross vehicle masses, E80s, percentage of 

overloaded vehicles and percentage excess over permissible load 

limit. Th e presence of secondary errors then infl uences the reli-

ability of inferences drawn from WIM measurements.

A study was conducted to quantify the impact of the above-

mentioned infl uence. Th e following paragraphs briefl y describe 

the method and outcome of the study.

SOURCE OF DATA
Seven WIM installations operating as screening scales at perma-

nent weighbridges were selected (listed in Table 1). Th e data on 

axle loads measured by these WIMs, together with their weigh-

bridge counterparts, was obtained from the so-called linked 

records of F17 fi les that are compiled by the weighbridge oper-

ating system on a monthly basis. A linked record is created when:

 ■ a WIM identifi es and takes a picture of a heavily loaded heavy 

vehicle that may be overloaded

 ■ the above vehicle arrives at the weighbridge after being guided 

by traffi  c signals, or manually by traffi  c police, and

 ■ the scale master recognises that the vehicle he/she now sees on 

the deck is identical with that on the picture, and creates the 

link on the weighbridge operating system.

At all seven localities there has been 24-hour presence of traffi  c 

police and private-sector management of weighbridge operations. 

Reputable service providers have performed WIM operation and 

data collection. SANRAL-appointed auditors check and report 

on the data quality every month (SANRAL – South African 

National Roads Agency Limited). Th e data used in the study is 

thus the best available at present.

To have fresh information and reasonably large samples, a 

three-month long study period was selected – the fi rst quarter 

of 2011.

Table 1  Weigh-in-Motion (WIM) installations used in the study

WIM Abbrev Road Make Sensors Lane Speed lim Remark

Heidelberg Northbound HDBnb N3 PAT Dual Dedicated 40 km/h Guardrails

Heidelberg Southbound HDBsb N3 PAT Dual Dedicated 40 km/h Guardrails

Mid-West Westbound MDWwb N4 PAT Single Ordinary 120 km/h

Mid-East Eastbound MDEeb N4 PAT Single Ordinary 100 km/h

Machado Westbound MCHwb N4 PAT Single Ordinary 80 km/h Guardrail

Komati Eastbound KMTeb N4 PAT Single Ordinary 80 km/h

Komati Westbound KMTwb N4 PAT Dual Dedicated 40 km/h Guardrails
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VEHICLE GROSS MASS, AXLE-GROUPS AND AXLE LOADS
WIM measures loads of individual axles from which loads of 

axle groups and gross vehicle mass are deduced. For the purpose 

of this study an ‘axle group’ is defi ned as a set of axles in which 

adjacent axles are separated by less than 2 m. A single axle is 

viewed as an axle group with one axle. All weighbridges in the 

study were 22 m long four-deck scales that weigh axle groups 

rather than individual axles. Th e weighbridge-measured vehicle 

gross mass is thus deduced from the mass of axle groups rather 

than individual axles. 

Taking the above into consideration, the WIM-weighing 

errors were evaluated from the comparison between WIM-

measured and weighbridge-measured axle group loads. 

Since the E80/HV must be evaluated from individual axles, 

an assumption was made that all axles in a group carry equal 

load and the E80/HV was calculated accordingly. Although 

WIM measures individual axle loads, the above equalisation 

was done on WIM data as well, to ensure meaningful com-

parisons.  

Gross vehicle mass (GVM, in case of multi-chassis heavy ve-

hicles called gross combination mass, GCM) served as a basis for 

the analysis of two other studied items, namely:

 ■ the errors in the estimation of severity of overloading, and 

 ■ the evaluation of WIM’s ability to predict prosecutable over-

loading.

WIM CALIBRATION 
As the first step, each WIM was calibrated using weighbridge-

measured axle group masses. The established calibration 

factor k was then applied to all axle loads recorded by the 

respective WIM. The application of the factor ensured that, 

for heavy vehicles recorded both by WIM and the weighbridge 

(the so-called linked records), the total vehicle mass by WIM 

was equal to the total vehicle mass by weighbridge. The cali-

bration factors k, together with the number of vehicles and 

axle groups contained in the linked records, are shown in 

Table 2.

REGRESSION ANALYSIS
Linear regression analysis was used to quantify the rela-

tionship between WIM- and weighbridge-measured axle 

group loads (AG), E80 per heavy vehicle (E80/HV) and the 

Table 2  Calibration factors k and counts

WIM k factor Vehicles Axle groups

HDBnb 1.0426 5386 18867

HDBsb 0.9948 6462 22420

MDWwb 0.9533 3359 12379

MDEeb 0.9692 3567 12470

MCHwb 0.9608 6412 23467

KMTeb 0.9753 5431 20352

KMTwb 1.0030 1243 4105

1

2

3

4

1  WIM and weighbridge measurements of axle group loads

2  WIM and weighbridge measurements of E80 per heavy vehicle

3   WIM and weighbridge measurements of gross mass 

excess over the graced limit complete

4  Example of the distribution of WIM errors in axle group loads

5  Example of the distribution of WIM errors in E80 per heavy vehicle

6   Example of the distribution of WIM errors in the 

gross mass excess over graced limit
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percentage excess of gross mass over the graced limit when a 

vehicle was overloaded on the gross mass (%EOGL). 

In all three cases the regression line was forced to 

go through the origin (resulting in zero intercept) to 

safeguard the logic of the relationship – near-zero true 

values measured by a weighbridge should also be meas-

ured as near-zero values by a WIM. The purpose of the 

regression analysis was to confirm similarity between 

the WIM- and weighbridge-measured values, and test 

whether the regression coefficients are close to unity, in 

which case the WIM-measured characteristics could be 

taken at their nominal values, i.e. without adjustment.

To demonstrate the above approach the Heidelberg 

Southbound WIM and weighbridge are used. Th e one-to-one 

correspondence between the WIM- and weighbridge measured 

axle-group loads (AG) is shown in Figure 1.

Although there are some exceptions, the majority of points 

lie close to the regression line whose intercept and slope are zero 

and one, respectively. Th e relationship is strong, as indicated by 

the coeffi  cient of determination that is as high as 0.940 (rsqAG). 

Th e most frequent reasons for the points lying far away from the 

regression line are improper linking of records and imperfect 

triggering of WIM sensors by the passing wheels. 

In a similar manner, the relationship between the WIM- 

and weighbridge-measured E80 per heavy vehicle (E80/HV) is 

shown in Figure 2.

Th ere are more stray points in this graph than in the previous 

one, which results in a weaker relationship – the coeffi  cient of de-

termination is only 0.782. Th e slope of the regression line is 1.006 

– very close to one – indicating that the E80/HV deduced from 

WIM measurements can be taken at their face values, without 

applying any correction factor.

5

6
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The picture changes dramatically when one analyses the 

percentage of vehicles’ gross mass excess over the graced limit 

(%EOGL). The situation is evident from the graph shown in 

Figure 3.

In the linked records available from the Heidelberg 

Southbound weighbridge there were only 33 instances of 

prosecutable (over grace) gross mass overloading that were 

both registered by the weighbridge and the WIM. The 

slope of 1.382 indicates that the WIM significantly under-

measured the %EOGL. The relationship between the WIM-

measured and weighbridge-measured values is weak – the 

coefficient of determination is as low as 0.444, indicating 

that the WIM-measured values are practically independent 

from their true counterparts and vice versa. This suggests 

that reliable estimates of the true %EOGL may not be obtain-

able from WIM measurements. 

INDIVIDUAL WIM ERRORS 
Th e pairs of WIM- and weighbridge-measured values made it 

possible to evaluate and study errors of individual WIM meas-

urements. Let us defi ne the percentage error committed by 

WIM, e, as

e = 100 (WIM – WB) / WB 

where

e is percentage error of WIM measurement

WIM is WIM-measured value

WB is the weighbridge-measured counterpart of the above

Th e nature of WIM errors is revealed by their frequency distribu-

tion. As an example, the distribution of percentage errors com-

mitted by the Heidelberg Southbound WIM when measuring 

axle group loads is shown in Figure 4.

Th e distribution is bell-shaped, slender, and centred on zero. 

Th is suggests that the WIM measurements are relatively accurate. 

To quantify this statement let us introduce an indicator called 

Error Rating. Error Rating (ER) is the width of a zero-centred in-

terval that contains 95% of percentage errors. Th e ER in the above 

case is ±21.51%. Th is means that the mass of an individual axle 

group measured by the HDBsb WIM is likely to be accurate within 

a ±22% error margin. If, for example, the WIM indicated that the 

mass of a tandem axle was 20 t, then there is a 95% chance that the 

true (weighbridge-measured) value is somewhere between 15.6 t 

and 24.4 t.

Similarly, the distribution of E80/HV errors committed by 

the HDBsb WIM are shown in Figure 5.

Th is distribution displays errors that are considerably dis-

persed. Although bell-shaped, the distribution is not slender, 

which results in an Error Rating of 40.94%. If, for example, the 

E80 of a particular truck deduced from WIM measurement was 

5.0, then there is a 95% chance that the true (weighbridge-meas-

ured) value of E80 is somewhere in the range between 2.9 and 7.1.

For the sake of completeness, the distribution of EOGL errors 

committed by the HDBsb WIM are shown in Figure 6.

Th e distribution contains 33 values only and has no discern-

ible shape. Nine of the 33 errors exceeded 100%. In addition, 

there were three other errors close to -100%. Th e huge dispersion 

of errors resulted in an unrealistic Error Rating of over 150%. 

Table 3  Error rating of all WIMs

WIM
ERROR RATING, ER, ±%

AG E80/HV EOGL

HDBnb 18% 45% 157%

HDBsb 22% 41% 151%

MDWwb 53% 80% 172%

MDEeb 53% 89% 184%

MCHwb 30% 55% 136%

KMTeb 28% 52% 122%

KMTwb 33% 53% n/a

Average 34% 59% 153%

Range 18% - 53% 41% - 89% 122% - 184%

Best

Worst

Unrealistic

Table 4  WIM errors of averages

WIM No of AG Ave AG No of HV  Ave E80/HV

HDBnb 18867 0.3% 5386 2.3%

HDBsb 22420 1.0% 6462 -0.6%

MDWwb 12379 5.1% 3359 -4.7%

MDEeb 12470 6.8% 3567 -8.1%

MCHwb 23467 1.7% 6412 -0.7%

KMTeb 20352 1.8% 5431 0.5%

KMTwb 4105 1.6% 1243 -2.2%

Average 2.6% -1.9%

Range 0.3% to 6.8% -8.1% to 2.3%

Best

Worst
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Under these circumstances, no confi dence can be put into the 

estimates of %EOGL deduced from WIM measurements.

Th e performance of the other six WIMs under study was 

analysed in the same manner. Th e highlights of this analysis are 

shown in Table 3.

ERRORS OF AVERAGES
Th e error rating fi gures shown in Table 3 apply when the WIMs 

measure individual vehicles or axle groups. However, when ave-

rages of characteristics deduced from a large number of WIM 

measurements are calculated, then these are dispersed to a much 

lesser extent. Table 4 shows the errors of averages found by the 

study.

Th e relative smallness of the above ranges suggests that WIM 

measurements are helpful when the objective is the establish-

ment of tendencies and trends in characteristics such as axle 

group loads and E80 per heavy vehicle.

PREDICTION ABILITY
Prediction ability (PA) of a WIM is defi ned as the success rate 

with which WIM identifi es heavy vehicles of which the gross 

mass exceeds the grace (the prosecutable excess over legal limit, 

currently 2%). High success rate is important when suspected 

trucks are sent to a distant weighbridge for accurate weighing.

Th e prediction ability of various WIMs was evaluated from 

linked records. Th e number of cases when the weighbridge con-

fi rmed the WIM verdict ‘gross mass exceeds grace’ was divided 

The error rating figures shown in Table 3 apply when 

the WIMs measure individual vehicles or axle groups. 

However, when averages of characteristics deduced from 

a large number of WIM measurements are calculated, 

then these are dispersed to a much lesser extent. Table 4 

shows the errors of averages found by the study. The 

relative smallness of the above ranges suggests that 

WIM measurements are helpful when the objective is the 

establishment of tendencies and trends in characteristics 

such as axle group loads and E80 per heavy vehicle
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by the total number of prosecutable gross mass overloads re-

ported by WIM, and expressed as a percentage. Th e results are 

shown in Table 5. 

Although calculated from relatively small numbers, the 

percentages in Table 5 strongly suggest that the success 

rates are so low that it may be problematic to use WIM as a 

screening scale. The reason is extensive ‘leaks’ of overloaded 

vehicles on one hand and frequent ‘false alarms’ on the other. 

When law enforcers must responsibly decide whether to send 

a suspect truck for accurate weighing to a weighbridge tens of 

kilometres away, a 14% success rate is too low to be helpful. 

In practice, lowering the screening threshold to, say, 90% 

of the legal limit would reduce leaks of overloaded vehicles. 

Unfortunately, this measure increases both the workload on 

the weighbridge and the percentage of false alarms, which 

then damages the reputation of the screening scale in the eyes 

of the weighbridge operator and traffic police.

CONCLUSIONS AND RECOMMENDATIONS
On the assumption that the seven WIMs under study are repre-

sentative of other well-calibrated and maintained WIMs oper-

ating in this country, one can arrive at the following conclusions.

 ■ The WIM-measured mass of an individual heavy 

vehicle axle group has a 95% probability to be ac-

curate within ±18% at best and ±53% at worst.

 ■ However, the percentage error of WIM-measured ave-

rage mass of, say, 20 000 axle groups is likely to be in 

a relatively small range between 0.3% and 6.8%. 

 ■ The WIM-measured E80 of an individual 

heavy vehicle has a 95% probability to be accu-

rate within ±41% at best and ±89% at worst.

 ■ However, the percentage error of WIM-measured ave-

rage E80 of, say, 6 000 heavy vehicles is likely to be in 

a relatively small range between -8.1% and +2.3%. 

 ■ The WIM success rate in identifying heavy vehi-

cles of which the gross mass exceeds the graced 

limit varies between 1% at worst and 14% at best. 

When suspected trucks must be sent for accurate 

weighing to distant weighbridges a high-speed WIM 

is not likely to be a suitable screening device.

 ■ Analyses done in this study suggest that one cannot 

use WIM measurements to estimate reliably the se-

verity of gross mass overloading over graced limit. 

 ■ On the other hand, WIM is a useful device when the 

objective is the determination of tendencies and trends 

of characteristics derived from WIM measurements.

 ■ The author recommends that the study be ex-

tended when information from a greater number of 

weighbridges becomes available in the future.

 ■ Whenever possible, the future study should use linked 

records based on automatic number plate recogni-

tion (ANPR) rather than manual ones, to eliminate 

the risk of human error in the linking of records.
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Table 5   WIM ability PA to predict 

gross mass overloading over grace

WIM

Cases of 'gross mass over grace'
Prediction 

Ability PA%
Reported by 

WIM

Confi rmed by 

WB

HDBnb 448 41 9%

HDBsb 236 33 14%

MDWwb 58 4 7%

MDEeb 28 4 14%

MCHwb 510 16 3%

KMTeb 930 7 1%

KMTwb 65 1 2%

Average 7%

Range 1% - 14%

Best

Worst

Prediction ability (PA) of a WIM is defined as the success 

rate with which WIM identifies heavy vehicles of which the 

gross mass exceeds the grace (the prosecutable excess over 

legal limit, currently 2%). High success rate is important 

when suspected trucks are sent to a distant weighbridge 

for accurate weighing. The prediction ability of various WIMs 

was evaluated from linked records. The number of cases when 

the weighbridge confi rmed the WIM verdict ‘gross mass exceeds 

grace’ was divided by the total number of prosecutable gross mass 

overloads reported by WIM, and expressed as a percentage



COAL STORAGE FACILITIES
  Several have been completed in South Africa including:  
 - Chemwes Uranium (1978) 10 000T coal + 10 000T pyrolusite
 - Koornfontein Mine (1984) 2 x 17 500T coal storage bunkers

ROM TIP WALLS
Several hundred have been completed worldwide. A list of some 150 

structures completed in Africa is given in the technical paper - Reinforced 
Earth® structures for headwalls to crushing plants in Africa.  (paper available on request)

Sishen Mine, N Cape, South Africa

Iscor Works, Vanderbijlpark, South Africa Cordero Coal Mine, USA – 80 000T storage

Tel: 27 11 726 6180  •  Fax: 27 11 726 5908  •  e-Mail: andrews@recosa.co.za  •  Website: http://www.recosa.co.za 

Reinforced Earth (Pty) Ltd has many years of experience with these applications in African 
conditions and works together with engineers to optimise tip wall and coal storage solutions.

The trademark REINFORCED EARTH® is used under license by Reinforced Earth (Pty) Ltd South Africa (RESA) 

Moatize Mine – Mozambique



40  Civil Engineering | September 2011 

Frans Kokot

Associate

GOBA (Pty) Ltd

fransk@goba.co.za

Imraan Chicktay

Design Engineer

GOBA (Pty) Ltd

imraanc@goba.co.za

The real spaghetti
INTRODUCTION
Th e Umgeni Interchange forms part of 

an existing split-diamond interchange 

situated within the eTh ekwini municipal 

boundaries in the Province of KwaZulu-

Natal. Th is split-diamond interchange 

along the N2 is a well-known feature in 

the Durban area that spans the Umgeni 

River linking the M19-Umgeni Road and 

Inanda Road with the N2.

During peak hours many a motorist 

travelling along the N2 in the vicinity of 

this interchange, as well as those exiting 

onto Umgeni Road and using the service 

roads, can attest to the fact that traffi  c con-

gestion in and around the Umgeni Road 

portion of the interchange is worsening.

Recent upgrades to the northern 

on- and off -ramps in the vicinity of the 

Inanda Road portion of the interchange 

have gone a long way to resolving some 

of the congestion. Further upgrades to 

this interchange were, however, still being 

planned by SANRAL (South African 

National Roads Agency Limited). 

BACKGROUND
To alleviate this situation SANRAL, with 

co-funding from the eTh ekwini Traffi  c 

Authority, advertised a professional 

services tender in 2009 to improve the 

Umgeni Interchange specifi cally at the 

Umgeni Road portion. GOBA Consulting 

Engineers were awarded the detail design 

and documentation of this improvement 

to the interchange.

Th e original scope of work, for 

Engineering Services, was limited to the 

design of two directional ramps to cater 

for the south to east and east to north 

traffi  c movements only. It was originally 

planned that this would provide suffi  cient 

additional capacity to the interchange 

to alleviate the congestion being experi-

enced, exacerbated by the fact that at this 

stage the construction of the northern 

on- and off -ramps at Inanda Road was 

under way.

GOBA, with their own internal 

traffi  c engineers, set up a model for the 

entire interchange and executed various 

simulations based on varying scenarios. 

It quickly became evident that to provide 

the two directional ramps only would 

not solve the congestion in the short to 

medium term, and that in a very short 

space of time the remainder of the ramp 

terminals intersecting with the M19 

Umgeni Road would be operating at a 

level of service E. 

The upgrade of the Umgeni 

Interchange along National 

Route 2 – the design of a 

four-level interchange
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With this set of results presented to 

SANRAL, they agreed to increase the 

scope of works to include further overpass 

structures and directional on- and off -

ramps to address the traffi  c issues. 

DETAIL DESIGN OF ROAD 
AND STRUCTURAL COMPONENTS
Th e approval of the increased scope of 

works did not necessarily mean an au-

tomatic extension of time to deliver the 

design and documentation. SANRAL had 

decided to fast-track the implementa-

tion of the detail design to construction, 

and because of the severe congestion 

present, as well as a co-funding agreement 

with eTh ekwini Traffi  c Authority, had 

expressed their intention to have a con-

tractor on site by February 2011. 

Although the deliverables were sub-

stantial due to the size of the project, 

with careful planning and effi  cient uti-

lisation of the various disciplines within 

the design team, tender drawings and 

documentation could be provided by early 

September 2010 and construction draw-

ings by February 2011.

Th e geometric design of each compo-

nent of the interchange and the interac-

tion of each of these components with one 

another was the fi rst and most important 

item to solve. Due to the restricted space 

in terms of existing infrastructure it 

quickly became clear that a compromise 

would have to be sought between the ac-

commodation and retention of existing 

services, restricted land usage and imple-

mentation of good practice design stan-

dards to provide a safe, sustainable solu-

tion that SANRAL would be prepared to 

accept, keeping in mind the tight deadline 

dates. Th e proposed solution would al-

ways be limiting in terms of the standards 

required for a newly constructed inter-

change, since the improvements are being 

retrofi tted into a currently constrained 

interchange site.

The design led to the Umgeni 

Interchange being upgraded to a single 

loop partial free-flow directional four 

level systems interchange (see Figures 1 

and 2).

Th e road and structural components 

described in detail include the following:

 ■ A free-fl ow two-lane directional 

off -ramp on the N2 for northbound 

traffi  c travelling to the east (Durban 

CBD) forming the top level of the 

interchange crossing the N2, the M19-

Umgeni Road and three new lower 

directional ramps by means of a new 

overpass viaduct with an overall length 

of 570 m. Th e unobstructed portions of 

the overpass will be constructed in situ 

and the portion over the N2 will be in-

crementally launched. Th e in situ sec-

tion will have a 2,2 m deep twin box 

girder pre-stressed concrete deck and 

the incrementally launched section 

will have a 3,2 m deep single cell box 

girder deck. Due to the existing roads 

and other existing infrastructure, the 

horizontal alignment was primarily 

dictated by the space available for the 

piers of the overpass. Th rough careful 

planning and design a solution was 

found that not only accommodated the 

piers but also provided a safe design 

speed of 60 km/h.

 ■ A free-flow single-lane directional 

ramp for northbound traffic travel-

ling towards Inanda Road will slip off 

the ramp described above and tie into 

the recently upgraded northern on-

ramps. This ramp will form part of 

level two of the interchange crossing 

M19-Umgeni Road by means of a new 

overpass bridge constructed using 

precast pre-stressed concrete beams 

and an in situ slab providing a deck 

depth of 1,65 m.

1

1  Existing layout before construction
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 ■ A free-fl ow single-lane directional ramp 

for northbound traffi  c travelling to the 

west (Pinetown) will slip off  the ramp 

described above and tie into the M19-

Umgeni Road. In order to minimise 

intrusion into private property adjacent 

to the N2 and the M19-Umgeni Road, a 

sharp horizontal curve and a steep neg-

ative grade were required. Th is reduced 

the design speed to 30 km/h, which is 

advantageous as the traffi  c has to merge 

with the M19-Umgeni Road. 

 ■ A free-fl ow two-lane directional off -

ramp on the M19-Umgeni Road for 

eastbound traffi  c travelling to the north 

(Stanger) that will tie into the northern 

on-ramps. Due to space constraints be-

tween the N2 and the other new ramps 

that tie into the northern on-ramps a 

sharp horizontal curve and steep posi-

tive grade were required.

 ■ A free-fl ow three-lane directional ramp 

from the northern off -ramps for traffi  c 

travelling from Inanda Road towards 

the south (Port Shepstone). Th is ramp 

will form part of level two of the in-

terchange crossing the M19-Umgeni 

Road by means of a new overpass bridge 

constructed using precast pre-stressed 

concrete beams and an in situ slab pro-

viding a deck depth of 1,65 m. 

 ■ A free-fl ow three-lane directional 

ramp from the northern off -ramps for 

southbound traffi  c travelling towards 

the east.

 ■ A free-fl ow two-lane directional off -

ramp on the M19-Umgeni Road for 

westbound traffi  c travelling to the 

north that will tie into the northern 

on-ramps forming level three of the 

interchange crossing the N2, the M19-

Umgeni Road and four new directional 

ramps by means of a new overpass 

viaduct with an overall length of 210 m. 

Th e viaduct will be incrementally 

launched. Th e deck consists of a 2,65 m 

deep single cell box pre-stressed con-

crete girder. As with the other viaduct 

the horizontal alignment was primarily 

dictated by the space available for the 

piers of the overpass. A solution was 

found that accommodated the piers 

and also provided a safe design speed of 

50 km/h. Th e fi ll embankment of this 

ramp closes off  the access of Kennedy 

Road to the M19-Umgeni Road. As a 

result a new road linking Kennedy Road 

with Bisasar Road, which will provide 

access to the M19-Umgeni Road, will 

be constructed as part of this project. 

Th is new road will be constructed by a 

Black-owned SMME contractor.

2

2  Proposed layout when complete

In addition to providing the new 

ramps, GOBA was tasked with 

ensuring that adequate provision be 

made for the many pedestrians that 

utilise the road verges to walk to and 

from the many businesses in the area. 

This has been achieved by providing 

new pedestrian sidewalks and two 

dedicated pedestrian bridges
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 ■ A free-flow single-lane directional 

ramp for westbound traffic travelling 

towards the south will slip off the 

ramp described above and merge with 

a new directional ramp. This ramp 

crosses the new loop ramp described 

below by means of a new cast in situ 

overpass bridge. The deck will consist 

of a 1,5 m deep voided slab tapering to 

a depth of 2,65 m.

 ■ A free-flow two-lane loop ramp for 

southbound traffic travelling towards 

the west. Due to space constraints 

between existing roads, a sharp hori-

zontal curve was required where the 

ramp ties into the M19-Umgeni Road.

 ■ A free-flow single-lane directional 

ramp for traffic travelling from 

Inanda Road towards the south.

 ■ A signalised single-lane directional 

off-ramp on Umgeni Road for east-

bound traffic travelling towards the 

south that will merge with the direc-

tional ramp described above.

The design speeds for the majority 

of the ramps vary between 40 and 

60 km/h, which is acceptable for inter-

changes within an urban setting with 

the ramp configuration as described 

above. The total road works for the 

project comprises a total length of 

6 600 m, with a total surface area of 

6,1 ha and bulk earthworks totalling 

150 000 m3 of material in cut and 

190 000 m3 of fill material required. The 

total bridge works for the project com-

prise a length of 1 200 m and a surface 

area of 1,4 ha.

In addition to providing the new 

ramps, GOBA was tasked with ensuring 

that adequate provision be made for the 

many pedestrians that utilise the road 

verges to walk to and from the many 

businesses in the area. This has been 

achieved by providing new pedestrian 

sidewalks and two dedicated pedestrian 

bridges.

SERVICES ACCOMMODATION 
Due to the upgrade of the Umgeni 

Interchange a substantial number of 

services will be affected and will have to 

be protected or relocated. The service 

providers and services that are affected 

include the following:

 ■ eThekwini Municipality

 Approximately 1 000 m of water 

trunk mains and approximately 

500 m of water reticulation 

mains require relocation.

 A sewer outfall pump station is 

located within the vicinity of the 

interchange and provision has been 

made in the design to ensure that 

the pump station is not affected. 

The access to the pump station 

has, however, been affected and 

a new access will be provided. 

Approximately 1 000 m of sewer 

mains also have to be relocated. 

 High voltage (HV) lines run along 

Umgeni Road and cross the N2 at 

the northern side of the interchange. 

During planning and design the 

effect on these lines were consid-

ered and measures were taken to 

ensure that sufficient clearance was 

achieved between the new ramps 

and the HV lines and pylons. 

 Medium voltage (MV) reticula-

tion runs extensively within the 

interchange due to the location of 

a major substation located adjacent 

to the sewer pump station. A new 

access to the substation will be pro-

vided, and approximately 2 000 m 

of MV lines will be relocated.

 Street lighting within the in-

terchange will be affected and 

new street lighting will be pro-

vided and upgraded to include 

new high-mast lighting.

 An estimated 2 000 m of 

Metro Connect fibre network 

lines require relocation.

 ■ An estimated 1 000 m of the Dark 

Fibre Africa (DFA) and the SANRAL 

fibre link that runs along the N2 are 

to be relocated, as well as 2 000 m 

of the DFA local network running 

along the M19-Umgeni Road. 

 ■ Approximately 2 000 m of the Neotel 

fi bre link running along the M19-

Umgeni Road will need to be relocated. 

Th e National Long-distance link (NLD) 

is a new national fi bre network currently 

being installed by Neotel on behalf of 

Vodacom, MTN and Neotel. Th is link is 

planned to pass through the interchange 

and the fi nal alignment of this link 

has been agreed between the involved 

parties to ensure that the upgrade will 

have no future eff ect on the NLD.  

 ■ Approximately 4 000 m of Telkom 

fibre link running along the M19-

Umgeni Road will be relocated.  

 ■ A Transnet gas pipeline crosses 

the M19-Umgeni Road, pro-

tected by a service culvert – due 

to the new ramp embankments, 
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this service culvert has to be ex-

tended by approximately 25 m.  

GEOTECHNICAL INVESTIGATIONS
Th e geotechnical investigations under-

taken by Drennan Maude and Partners 

formed an integral part of the total design 

package. Th e geotechnical investigations, 

together with the soil analysis, were re-

quired to determine the underlying strata 

that would aff ect the foundation design 

of the bridges, bulk earthworks and layer 

works design of the ramps.

To assist in the fi nal cross-sectional 

profi le of the ramps a lot of time and eff ort 

was spent to determine the slope stability 

of the in situ material and compacted fi lls. 

Th is would prove crucial to the fi nal de-

sign, as a major portion of the interchange 

would have ramps in close proximity of 

one another, resulting in numerous re-

taining walls and soil stability measures 

being adopted (see Figures 3 and 4).

ENVIRONMENTAL
Th e environmental investigations spe-

cialist, Terratest, was appointed by way 

of open tender. Th e task of the environ-

mental specialist would be to obtain an 

Environmental Authorisation by under-

taking a basic assessment report. Th is 

proved to be a crucial item on the critical 

path as the Environmental Authorisation 

was essential in handing over the site to 

the successful tenderer in time to meet 

SANRAL’s programme.

LAND ACQUISITION
With all SANRAL projects the consulting 

engineer has to compile what is known 

as a property report to assist the Land 

Acquisition Committee of SANRAL in 

acquiring portions of land where the pro-

posed SANRAL infrastructure upgrades 

encroach onto property not owned by 

SANRAL. Th is project was no exception. 

Preparing and submitting the property re-

ports on time and acquiring the portions 

of land successfully within the limited 

time available, proved quite a challenge. 

Fortunately many of the private, munici-

pal and government owners were quite 

willing to cooperate with SANRAL.

CONTRACT PROCUREMENT
Due to the fact that SANRAL wished to 

fast-track this contract, it was agreed by 

SANRAL that the documentation and 

tender phase would be managed by GOBA. 

By way of open tender the procurement 

process commenced in September 2010, 

and the successful tenderer, Rumdel JV 

consisting of Rumdel Holdings, Rumdel 

Cape and Mazcon Construction, was ap-

pointed early in 2011, pending a successful 

Environmental Authorisation. Th e tender 

price was R352 million, including VAT and 

excluding CPA.

CURRENT STATUS OF THE PROJECT
Currently the project is into its fi fth 

month of construction, and good progress 

has been made in terms of accommoda-

tion of services and preparatory work. 

3

4

3  and 4  Typical cross-sectional details 
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Accelerated testing of the Ben Schoeman freeway: 
time series analysis in pavement engineering
THIS ARTICLE PROVIDES an over-

view of the Accelerated Pavement Test 

(APT) conducted on a section of the Ben 

Schoeman freeway from December 2009 

until May 2010. Th e research was initi-

ated by BKS (Pty) Ltd and undertaken 

in cooperation with SANRAL (South 

African National Roads Agency Limited) 

as part of Work Package C of the 

Gauteng Freeway Improvement Project 

(GFIP).

BACKGROUND
SANRAL implemented the GFIP as a far-

reaching upgrading programme for the 

province’s major freeway networks in and 

around Johannesburg, Ekurhuleni and the 

greater Tshwane region. Th e fi rst phase, 

comprising approximately 180 km of 

existing freeways, included 16 contractual 

packages. Work Package C entailed the 

rehabilitation and capacity upgrade of the 

Ben Schoeman freeway. Th e construction 

works for the GFIP contract commenced 

1
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during May 2008 and is expected to be 

completed by September 2011.

The Ben Schoeman freeway is 

a 21 km section of the N1 located 

in Gauteng, between the Buccleuch 

Interchange linking the N3, N1 and 

M1 in the south, and the Brakfontein 

Interchange linking the N14 and 

N1 in the north. The freeway is the 

second-highest trafficked road in 

South Africa, with the current ave-

rage annual daily traffic varying 

between 116 000 and 159 000 ve-

hicles along the length thereof. 

Th e freeway was constructed from 

1967 to 1969, originally as a four-lane, 

dual carriageway with a fl exible pavement 

consisting of a cement-stabilised subbase, 

crushed-stone base and thin asphalt sur-

facing. During 1973/4 the riding quality 

of the pavement was improved by means 

of a continuously graded HMA of varying 

thickness, followed by a 30 mm thick 

open-graded HMA overlay. 

The freeway was upgraded during 

1987/8 to a six-lane dual carriageway by 

means of widening both carriageways in 

the median using a 150 mm thick con-

tinuously reinforced concrete pavement 

(CRCP). The existing pavements of both 

carriageways were strengthened by 

means of a 185 mm thick continuously 

reinforced concrete (CRC) overlay.

Rehabilitation of the existing pave-

ment under the GFIP was implemented 

to ensure a ten-year maintenance-free 

period. It consisted of:

 ■ Localised patching by means of full-

depth replacement of CRC

 ■ Sealing of all longitudinal and trans-

verse joints and cracks wider than 

2.0 mm by means of SBS polymer-

modifi ed sealant 

 ■ A 13.2 mm single seal using bitumen-

rubber binder as a stress-absorbing 

membrane interlayer (SAMI) and 

sealant for cracks smaller than 

2.0 mm, and 

 ■ A 35 mm nominal, semi-open graded, 

hot-mix asphalt overlay with bitumen-

rubber binder (BRASO) to improve 

riding quality and skid resistance. 

The project further includes the ca-

pacity upgrading of the freeway to 

ensure a Level of Service D for the 

next ten years, consisting of either re-

marking and/or widening the CRCP on 

the outside to obtain a minimum eight-

lane dual carriageway configuration. All 

widening was done by means of CRC.

Table 1   Test section pavement structure

Layer 

thickness 

(mm)

Material Year constructed 

185 Continuously reinforced concrete 1987

30 Open-graded asphalt overlay 1973

30 Continuously-graded asphalt 1969

200 G1 – Crushed stone base 1969

150 C2 – Stabilised gravel subbase 1969

150 G7 –Selected subgrade 1969

150 G9 – Selected subgrade 1969

2

3
1  Heavy Vehicle Simulator (HVS) testing on 

the shoulder of the Ben Schoeman freeway

2  Locality of test site

3  View of HVS test section

4  Loading of the artificially wetted 

test section, Cracks 3 and 4

5  Instrumentation and Cracks 3 and 4 

after 1.6 million load applications

4

5
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Aims and objectives
Th e need to confi rm the estimated re-

maining life of the existing pavement was 

considered paramount to the detailed de-

sign process. Such knowledge would serve 

to inspire confi dence in the proposed 

pavement rehabilitation and strength-

ening measures. Accelerated Pavement 

Testing (APT) was considered as the most 

appropriate technique to simulate the 

material behaviour and to evaluate pave-

ment performance under wheel loading in 

a relatively short time. 

With this as a point of reference, as 

well as the framework of the current 

and ongoing refinement and upgrading 

of the concrete pavement performance 

models as used in the cncPave design 

software, the objectives of the research 

project were to: 

 ■ Characterise CRCP performance using 

standardised measurements in terms 

of surface defl ection and relative move-

ment of transverse cracks under re-

peated loading as well as Falling Weight 

Defl ectometer (FWD).

 ■ Contribute to the current body of 

knowledge through the development of a 

performance model for the section tested. 

Th e model should relate failure mecha-

nisms and pavement deterioration.

ACCELERATED PAVEMENT AND 
SUPPLEMENTARY TESTING
Test section
The site for the APT was chosen after 

considering the scheduled construction 

works and the lane configuration along 

the freeway. An area for testing was se-

lected at km 10.260 on the southbound 

carriageway of Road N1 Section 21. 

The test section is located on the 

edge of an unused 1.5 m wide CRC 

shoulder, within the exit gore area of 

the Brakfontein Road off-ramp of the 
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Rooihuiskraal interchange. Apart from 

environmental loading, the section was 

deemed untrafficked based on the loca-

tion and surrounding road geometry. 

Th e test section was representative of 

poor or vastly deteriorating sections on 

the freeway. Based on the back-calculated 

modulus of subgrade reaction, the general 

condition of the test section was at that of 

the 20th percentile of the Ben Schoeman 

CRCP before the start of accelerated 

testing. In the eight-metre section, there 

are six transverse cracks of which fi ve 

were instrumented. 

The section was selected for the 

purpose of traffic loading close to the 

pavement edge. Edge-loading induces 

significantly higher pavement stresses, 

which in turn lead to accelerated deterio-

ration. Th e outer side of the loading tyre 

was on average 100 mm from the edge of 

the pavement. 

Th e structure of the test section, as 

summarised in Table 1, is representative 

of the freeway under consideration. 

Accelerated loading
Using the Heavy Vehicle Simulator (HVS), 

testing was conducted by the Council for 

Scientifi c and Industrial Research (CSIR), 

and was done from 17 December 2009 to 

12 May 2010. A total of 2 750 200 half-

axle loads were applied in canalised, bi-

directional traffi  cking mode. 
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6   Maximum deflections at Cracks 3 and 5 

as measured at 30-minute intervals

7   Daily deflections under 40 kN at 5:00

8   Relative movement for Cracks 3 and 5 

at 30-minute intervals

9   Permanent deformation, Cracks 3 and 5

10   Decomposition of pavement layers and 

materials extracted from Crack 4
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Th e applied loads comprised load 

levels of 40, 60, 80 and 100 kN respec-

tively. Loading was applied with a dual-

wheel confi guration of two 12R22.5 tyres 

at pressures of 800 kPa. 

Load levels of 40 and 60 kN were used 

for the fi rst 80 000 applications, followed 

by loading at 80 kN. After 1 730 500 ap-

plications, pavement evaluations revealed 

that no noticeable degree of deterioration 

had started to take place and a decision 

was made to increase the load level from 

80 to 100 kN. 

To simulate rainfall the section was arti-

fi cially and continuously watered for a two-

day period, followed by six dry days. A total 

of 16 watering/dry cycles were completed 

during testing. All other environmental con-

ditions throughout the test were ambient. 

Instrumentation
Maximum surface defl ection and perma-

nent surface deformation were measured 

by means of Joint Defl ection Measuring 

Devices (JDMDs). Th e relative movement 

across a transverse crack, with the entire 

contact area of the loading wheel on one 

side of the crack, was calculated from the 

JDMD data. 

Th ermocouples were installed to 

measure environmental and pavement 

temperature. A weather station measured 

air temperature, barometric pressure and 

relative humidity. 

Environmental conditions and pave-

ment responses under loading were meas-

ured at 30-minute intervals.

Twice-daily (at 05:00 and 13:00) pave-

ment responses were measured under 
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Table 2   Measured transverse crack widths in mm 

Position of measurement
Transverse crack number

1 2 3 4 5

Surface of core 0.840 1.080 1.430 0.730 0.630

Side of core - top 0.535 0.290 0.980 0.365 0.440

Side of core - middle 0.220 0.215 0.515 0.265 0.115

Side of core -bottom 0.080 0.215 0.510 0.155 0.105

11

11  FWD deflection bowls before 

and after APT, Crack 3

12  Three-dimensional plot of measured 

surface deflections at offsets from CRCP edge

13  Deflection and relative movement of Crack 3
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standard loads. In the case of 80 kN traf-

fi cking, the standard loads were 40 and 

60 kN; in the case of 100 kN traffi  cking, 

the loads were 40 and 80 kN.

Surface defl ection
Maximum pavement surface defl ec-

tions as measured by the JDMDs are 

illustrated in Figure 6 for Cracks 3 and 5 

respectively. Th e visible variation in the 

defl ections is explained by the twice-daily 

measurements at standard test loads of 

40 kN. Th is variation, due to the loading 

schedule, is superimposed on the changes 

due to the daily environmental cycle.

Th e vertical red line indicates the 

change of the test load from 80 kN to 

100 kN. Th e blue rectangles represent 

watering cycles. 

The daily 40 kN deflections, taken 

at 05:00, together with the surface tem-

perature and temperature differential 

(difference between the surface and 

bottom temperature in the CRC) are 

illustrated in Figure 7.

Relative movement
Th e relative movement across transverse 

cracks under wheel loading was calcu-

lated from the defl ection data. Figure 8 

illustrates the relative movement of 

Cracks 3 and 5. Th e calculation was 

conducted with the complete footprint 

of the loading wheels on one side of the 

transverse crack. Th e variation in relative 

movement is also due to the twice-daily 

standard measures, superimposed on 

daily environmental fl uctuations. 

Permanent deformation
Permanent surface deformations meas-

ured at Cracks 3 and 5 are illustrated in 

Figure 9. Th e short-term cyclical nature of 

the permanent deformation plots are due 

to the warping and curling caused by the 

daily environmental fl uctuations.

Diagnostic investigation
Diagnostic evaluation by means of coring 

took place after testing. Five 150 mm 

cores were extracted at the positions of 

the transverse cracks, in such a way that 

the crack bisects the core. 

Evaluations of the extracted cores in-

dicated that the asphalt overlay started to 

strip and lose fi ne material. Th e extracted 

cores presented diff erent stages of HMA 

stripping and loss of fi nes. Th e loss of fi ne 

material, however, did not materialise in 

pumping observed at the surface.

Crack widths measured by means of 

feeler gauge are summarised in Table 2. 

Measured crack widths decrease with 

core depth.

Falling Weight Defl ectometer (FWD)
FWD tests were conducted before and 

after accelerated loading. Measured 

defl ections before and after APT are com-

pared in Figure 11. Th e three-dimensional 

plot in Figure 12 illustrates the eff ects 

of edge loading in terms of defl ection as 

measured under FWD.

FWD data was used for back-calcu-

lation of pavement parameters and com-

pared to the distribution found for the 

N20/21 from a FWD survey conducted 

in 2006. Based on the relative modulus of 

subgrade reaction, the test section is on 

the 20th and 7th percentile of the distribu-

tion before and after accelerated loading.

ANALYSIS OF PAVEMENT RESPONSES
A new methodology was applied to 

characterise the relationship between 

pavement performance and failure 

mechanisms. 

The goal was to establish if a harmo-

nious, stable and long-term relationship 

exists between pavement performance 

and the predominant failure mecha-

nisms that cause pavement performance 

deterioration. The predominant failure 

mechanisms for CRCP are the loss of 

load transfer capacity at transverse 

cracks and the deterioration of the con-

crete slab support.

For the illustrative purpose of this ar-

ticle, the focus will be on the relationship 
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between pavement performance and the 

loss of load transfer capacity from here 

onwards. Deterioration of support could 

also be included in the analysis.

The methodology utilises the time 

series concept of co-integration. Co-

integration is a statistical property of 

time series variables. A time series is a 

sequence of data points typically meas-

ured at successive periods, spaced at 

uniform intervals.

The time series in this application 

are the measurements of surface deflec-

tion and the calculated relative move-

ment. The time series for the duration 

of the test is illustrated in Figure 13, as 

measured for Crack 3.

Maximum surface defl ection is 

deemed the best indicator of pavement 

response, and hence performance under 

dynamic wheel loading. Th e response is a 

function of the structural condition of the 

pavement. Th e response of the structural 

condition is measured under the prevalent 

loading and environmental conditions.

Relative movement serves as the proxy 

for the load transfer capability of the 

transverse cracks in the pavement. Th e 

measured relative movement incorporates 

the eff ects of loss of load transfer due to 

dowel action and aggregate interlock. 

Concrete shrinkage and curling caused by 

environmental conditions also manifest 

through relative movement. 

Two or more time series are co-inte-

grated if they each share a certain type 

of behaviour in terms of their long-term 

fluctuations. Such series do not neces-

sarily move together and may otherwise 

be unrelated, but each shares a common 

type of random drift. It is postulated 

that the two series illustrated in Figure 

13 are co-integrated. 

The two time series variables are 

co-integrated if one can find a linear 

relation between the variables that is 

constant irrespective of the individual 

levels and trends of each series. The 

concept could be illustrated by finding 

a linear combination between the two 

series, which would result in a value 

close to zero at each point in time. 

Given that one has two variables, 

defi ned as maximum defl ection (jd) 

and relative movement (rm), which one 

expects to be co-integrated, the expected 
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co-integration relation could be stated 

algebraically as Equation 1. In the equa-

tion a variable jd
t
 typically refers to its 

entire sequence jd
t
:t = 0, … ,∞. 

αjd
t 
+ γrm

t
+C = 0

t
 (1)

Th e coeffi  cients, α,γ and C in Equation 1 

constitute the elements of the co-integra-

tion vector. If one fi nds such a vector of 

signifi cant coeffi  cients where the resulting 

linear combination is zero or stationary 

for the duration of the period under in-

vestigation, the time series variables are 

regarded as co-integrated. 

Figure 14 illustrates the linear 

combination of the time series values 

illustrated in Figure 13, using the esti-

mated co-integration vector for Crack 3. 

The series in Figure 14 is said to be sta-

tionary. The series exhibits short-term 

fluctuations around zero, but the mean 

of the series is zero. 

Once the existence of co-integration 

and the resulting co-integration vector 

have been established, it can be trans-

formed by linear operations, Equation 2.

jd = – 
γ

α
 rm – 

C
α  (2)

A co-integrating relationship is 

stable and remains as such for all points 

during the period under consideration. It 

captures the fi xed relation between the 

common type of random drift exhibited 

by the variables in question.

Th e average co-integration ratio 

between surface defl ection and relative 

movement was found to be 17.5. For the 

section tested, an increase of 1% in rela-

tive movement would result in a 17.5% 

increase in surface defl ection.

APPLICATION OF FINDINGS
Co-integration was used to quantify the 

theoretical relationship between pave-

ment failure mechanisms and pavement 

performance empirically. Th e specifi ed 

linear relationship was found to be statis-

tically signifi cant for the duration of the 

period under consideration. Th e fi ndings 

could be utilised in the domains of pave-

ment design and network management.

Reliability of design
Th e establishment of the relationship be-

tween failure mechanisms and perform-

ance can be used to refi ne the current 

design methodology. Th e methodology 

utilises theoretically-derived relationships 

calibrated for South African conditions. 

Th e general approach to improvement 

of the reliability of analysis and design is 

to characterise the variation in the input 

parameters of the theoretically-based 

models, as well as to refi ne the calibration 

of the models itself. Th ese two refi ne-

ments result in the reduced variation in 

the output from the models, improving 

reliability, and as a result installing confi -

dence in analysis.

Th e co-integration analysis empiri-

cally quantifi es the relationship between 

the independent, theoretically-based 

functions used for determining pave-

ment defl ection and relative movement. 

Incorporation of the fi ndings from the 

co-integration analysis will result in 

improved reliability and confi dence in the 

design system.

Pavement monitoring
Th e co-integration relationship is con-

stant, irrespective of the load level, short-

term and longer-term environmental 

fl uctuation, since the relationship charac-

terises the shared random trend between 

diff erent phenomena. In the same sense 

that it is maintained for the diff erent load 

levels, it will also hold for pavement re-

sponses as measured under a high-speed 

road defl ection tester such as the Traffi  c 

Speed Defl ectometer (TSD). 

Th e relationship could be used to 

transform pavement behavioural charac-

teristics into structural characteristics, 

which in turn could be used for the de-

lineation of highway sections in terms of 

relative structural performance.
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SALT DAMAGE IN THE FORM of blistering and surface dis-

integration of primed bases, and blistering, heaving, cracking 

and white and brown staining of seals (photo 1) and thin asphalt 

surfacings was formerly fairly common in southern Africa.  

Th e author knows of at least 150 such cases which occurred 

over the period 1957 – 2004 in Botswana, Namibia, South Africa, 

Zambia and Zimbabwe, and has personally investigated and/or 

seen more than half of them.

An additional fairly common form of usually only cos-

metic damage has been the rapid weathering out of sulphide-

containing aggregate in the surfacing, leaving holes and brown 

stains. 

Whilst the above three types of damage are typical, rare 

cases of surface disintegration of the seal itself, loss of cementa-

tion of a cement-stabilised subbase, and curling of concrete 

paving slabs are also known.

Heaving of lime-stabilised, gypseous clay roadbeds, such as 

has occurred in Britain and the United States, is so far unknown 

here. Heave due to the hydration of anhydrite (CaS0
4
) is also 

unknown. However, the heaving of concrete surface beds due to 

the use of sulphidic mudrock as fi ll has occurred.

Th e mechanism of damage has apparently been simple up-

ward migration of highly soluble salt dissolved in the compaction 

or infi ltrated water, its concentration by evaporation, and its sub-

sequent crystallisation at the interface between the base and the 

prime or surfacing. Th e resulting loss of bond, and star-cracked, 

salt-fi lled blisters are characteristic.

Known sources of salt have included the natural gravel base 

itself, G3 binder, lower layers, roadbed and/or the compaction 

water – the salt then usually involved being sodium chloride 

(NaCl) – and sulphidic gold and copper mine waste rock crushed 

for G1–G3 base, in which case the salts have always been acidic 

sulphates such as pickeringite (MgAl
2
(S0

4
)

4
.22H

2
0), hexahydrite 

(MgS0
4
.6H

2
0) and/or epsomite (MgS0

4
.7H

2
0). In the case of 

rocks and slags containing sulphides the salts and sulphuric acid 

are derived by oxidation of the sulphides – usually pyrite (FeS
2
) 

– on the dumps and/or in service in the pavement. Gypsum 

(CaS0
4
.2H

2
0) is not usually deleterious in untreated layers.

Damage first appeared in the 1950s with the changeover 

from waterbound macadam to ‘all-in’ crusher-run bases, and 

the last such case investigated by the author was in 2004.

1

1  Salt blistering on airport runway due to NaCl derived mostly from 

the saline compaction water used in the subbase and lower layers

Salt damage to bituminous pavements: 
is it a thing of the past in southern Africa?
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Damage due to crusher-run mine waste rock base course 

was first described by Weinert and Clauss of the CSIR in 

1967 and this led to the adoption of a minimum pH of 6,0 

for such materials by the then Transvaal Roads Department 

(TPA) in 1973. This was then followed in 1971 by the work of 

Netterberg of the CSIR on natural gravel and stabilised bases 

in Namibia for which pH control did not work and for which 

a simple paste electrical conductivity (EC) test for total very 

water-soluble salt (later standardised as CSIR Method CA21T) 

was proposed. Further work by mostly Netterberg, Blight 

of the University of the Witwatersrand, Theron, Stewart, 

Hoehler and Rimmer of the Johannesburg Municipality, 

Marais and Maton of the TPA, and De Kock of the then Van 

Wyk and Louw improved understanding of the problem and 

led to the adoption of pH, total soluble salt and sulphate 

requirements by the TPA in 1983. Where any of these limits 

could not be met, it was required that hydrated lime be added 

to a minimum pH of 10 at the contractor’s expense. 

In the early 1970s local test methods and very conservative 

specifications for pH, total soluble salts and water and acid- 

soluble sulphates were introduced. These were changed over 

the years, culminating in the methods currently in TMH 1, 

CA21T, the guidelines in TRH 13 and 14, SABS methods and 

specifications, and the 1998 COLTO specifications.

As determinations of pH, salts and sulphates are very 

method-dependent, it is essential to follow the methods pre-

scribed. For example, totally misleading conclusions may be 

drawn if SABS methods are followed but COLTO specifi cations 

applied, and vice versa.

Th e introduction of these requirements appears to have 

been responsible for the almost total eradication of the problem, 

although anecdotal evidence suggests that a few cases have re-

cently occurred. Anyone with further information is invited to 

contact the author.

Work in Botswana with natural gravel bases by mostly Obika 

of the Roads Department, Newill and Woodbridge of the British 

Transport Research Laboratory, Freer-Hewish of the University 

of Birmingham, and Overby of the Norwegian Public Roads 

Administration, led to the publication in 2001 by the Roads 

Department of a comprehensive guide on the prevention and 

repair of salt damage to roads and runways.

Salt blistering of surfacings is very diffi  cult to rehabilitate 

– conventional single seals and asphalt overlays being typically 

penetrated within a year – and is best avoided in the fi rst place.  

Rich Cape seals, double seals and bitumen-rubber seals are usu-

ally more successful.

Further research, mostly by Netterberg, for roads depart-

ments in South Africa and Namibia has concentrated on 

finding ways to utilise both higher salt contents and salt water 

for compaction, and the long-term performance and rehabili-

tation of saline, acidic and sulphidic pavements. Some of this 

work was applied by Spottiswoode of the then Keeve Steyn, 

and Graham of De Beers, to design and construct 65 km of 

sealed road in 1980 for De Beers in the diamond area on the 

arid West Coast using a hypersaline base compacted with 

seawater. This road has largely been successful and has greatly 

exceeded its design life of 10 years.

Th is more recent research and practical experience have con-

fi rmed that much higher salt contents than allowed by COLTO, 

as well as seawater for compaction, can be used provided that 

certain precautions are followed, and that the long-term per-

formance of acid sulphate-containing materials pretreated with 

lime has also usually been successful. However, it has also shown 

that sulphide contents should probably be controlled and that the 

possible environmental hazards of using mine waste and slags 

should be considered.

Most of this more recent work remains unpublished due to 

a lack of research funds in the face of other priorities, and the 

benefits for new roads – especially along the arid west coast of 

southern Africa – cannot therefore yet be realised.

Similar types of salt damage have occurred elsewhere in 

the world, notably in the Middle East, North Africa and the 

United States.

Salt damage should not be confused with that due to other 

causes such as water vapour blistering, rapid weathering of 

basic rocks, expansion of steel slags, and surface carbonation 

of lime, and cement-stabilised materials. 

In the early 1970s local test methods and very 

conservative specifications for pH, total soluble 

salts and water and acid- soluble sulphates were 

introduced. These were changed over the years, 

culminating in the methods currently in TMH 1, CA21T, 

the guidelines in TRH 13 and 14, SABS methods and 

specifications, and the 1998 COLTO specifications
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Just how much is fair to pay for parking?
THERE IS NO SUCH THING AS FREE LUNCH
Space, especially in the urban areas, 

is expensive. Property investments 

are intrinsically reliant on the ever in-

creasing value of space to yield positive 

returns. It is therefore surprising when 

people expect to use vehicle parking 

space for free. Even more surprising is 

land owners who continue to provide 

free parking despite having paid and 

continuing to pay large sums of money 

for the space used for parking. 

Having established that it is necessary 

to pay for parking, the question remains, 

how much is fair to pay for parking? In 

seeking answers one should remember 

that payment must be related to:

 ■ the capital costs of providing the 

parking infrastructure

 ■ the operational costs of the parking 

infrastructure

 ■ the value of the land on which 

parking is provided

 ■ the demand for parking space, and/or

 ■ a combination of two or more of the 

above.

THE PROVISION OF 
PARKING IN SOUTH AFRICA
In South Africa there is no guideline on 

how parking charges should be formu-

lated. Th e provision of parking itself is 

generally guided by parking standards 

that were published by the Department of 

Table 1   An extract from the South African minimum parking standards 

Land use Land use subcategory Standard

Offi  ce

General offi  ces 2,5 spaces/100 m2 GLA

Banks, building societies and other public 

trading offi  ces
4 spaces/100 m2 GLA

Business

Neighbourhood shopping centre 7 spaces/100 m2 GLA

Community shopping centre 6 spaces/100 m2 GLA

Regional shopping centre 5 spaces/100 m2 GLA

Residential

Dwelling unit of one habitable room 1 space/unit

Dwelling unit of four or more habitable 

rooms
1,5 spaces per unit

Medical General hospitals 1 space/bed

Educational Universities 0,4 spaces per student

Emotions rise when people who 

used to park their cars for ‘free’ 

suddenly have to pay. A mere 

mention of the possibility of 

introducing parking charges in 

the work place is enough to get 

some people thinking about 

tendering resignations, or mass 

protests. Employees sometimes 

blame employers for locating work 

places in areas that can only be 

accessed by cars, thereby making 

parking space provision a ‘right’. 

The plethora of car guards in South 

African urban areas is a reminder 

that parking can be a notable 

income generator. Parking charges 

are a proven urban management 

instrument that, if properly utilised, 

can enhance urban mobility 

solutions. This article investigates 

the state of the practice in South 

Africa, and seeks to answer: how 

much is fair to pay for parking?
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Transport in 1985. Th e standards stipulate 

the minimum parking space that should 

be provided for diff erent types of land 

use development. Table 1 is an illustrative 

extract from the parking standards. For 

example, in the case of general offi  ces, 

2,5 parking spaces should be provided 

for every 100 m2 of Gross Leasable Area 

(GLA), implying that for a 600 m2 offi  ce 

space, at least 15 parking spaces should be 

provided. A typical parking bay is 2,5 m 

wide and 5 m long, covering an area of 

12,5 m2. Th erefore, for every 100 m2 of 

leasable offi  ce fl oor space, at least 31,25 m2 

of parking space, excluding the necessary 

approach roads, needs to be provided. 

Clearly the amount of land required 

for parking is signifi cant, and this has to be 

the case for the associated costs of securing 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 100 200 300 400 500 600 700 800

Cu
m

ul
a

ve
 %

 o
f w

or
k 

tr
ip

s

Monthly parking payment at workplace (R)

Cumula ve % of monthly parking payment Weighted average

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30 35 40 45 50

Pa
rk

in
g 

ch
ar

ge
 r

at
e 

(R
an

d/
H

ou
r)

Length of me parked (Hours)

OR Tambo Interna onal Airport Covered Parking Menlyn Shopping Centre - Covered Parking Menlyn Shopping Centre - Open Parking

Cape Town City CBD Street Parking Johannesburg CBD Street Parking Canal Walk Shopping Centre

Sandton Shopping Centre Lanseria Airport Unitas Hospital

1

2

1  Cumulative distribution of monthly parking 

expenditure in Gauteng Province for work trips

2  Parking rates for different land uses 

in different parts of the country



58  Civil Engineering | September 2011 

and developing such space. Worth noting 

also is that the parking standards provide 

for minimum requirements. Th is inherently 

implies that when per capita car ownership 

and car use increase over time, as is the case 

in South Africa, the standards are more 

likely to be revised upwards, requiring even 

larger tracts of land for parking. 

HOW MUCH DO 
SOUTH AFRICANS PAY FOR PARKING?
Based on the Gauteng Household Survey 

conducted in 2002, Figure 1 shows the 

cumulative distribution of the monthly 

expenditure for work place parking. On 

average, based on the 2002 Rand value, 

people who paid for parking at their work 

places spent R113 per month. However, 

only 10% of people who drove to work 

paid for parking.

For illustrative purposes, Figure 2 shows 

examples of parking rates for diff erent land 

uses in various parts of the country in terms 

of the number of hours parked and the cor-

responding hourly charge. Th e land uses 

include airports, shopping centres, hospitals 

and on-street parking in city centres. While 

not totally representative of the parking 

tariff  structures in the country, the fol-

lowing can be noted:

 ■ Th e OR Tambo International Airport 

has one of the highest parking 

rates. Th is is in contrast to Lanseria 

International Airport where parking 

rates are comparable to those at decen-

tralised shopping centres.

 ■ On-street parking in the city centres 

is charged at a higher rate (as much as 

four times) than at shopping centres 

located away from traditional city 

centres. Th is implies that decentralised 

land uses off er more fi nancial incentives 

for car users than the central areas. 

 ■ Where tariff s vary with time, short-

term parking is generally charged at 

a higher rate than long-term parking. 

Th is implies that people who park their 

cars for longer periods generally receive 

an incentive for doing so.

 ■ Where covered parking and uncovered 

parking are priced diff erently, covered 

parking is charged marginally more.

Figure 3 shows that parking rates in South 

African cities are among the lowest in 

the world, even from a purchasing power 

parity perspective. Comparatively, how-

ever, Dubai parking tariff s appear to be 

grossly subsidised. For private parking 

tariff s in South African cities to be on 

par with cities such as Copenhagen and 

Singapore, parking charges would typically 

need to be three to fi ve times more than 

they currently are. Th e diff erences are 

probably refl ective of varying transport 

policies between cities in South Africa and 

other world cities. Nonetheless, parking 

charges alone are not a corrective solution 

for sustainable transport.

SO HOW MUCH IS 
FAIR TO PAY FOR PARKING?
Clearly there is no uniform strategy being 

used in South Africa for parking tariff s. In 

fact, the tariff s are as diff erent as there are 

diff erent land owners. Before attempting 

to answer the question of how much is 

fair to pay, it is worth exploring what fair-

ness in the context of parking implies. 

Fairness in this context implies that 

the cost of providing and using land is 

not hidden in overheads, translating into 

some of the following benefi ts:

 ■ In retail business this implies that people 

who do not drive cars to retail facilities do 

not have to indirectly pay for space they 

are not using when they buy products.

 ■ For small-scale retailers sharing retail 

space with large-scale retailers, reduced 

rent or levies would improve profi t mar-

gins and general competitiveness. 

 ■ In work places employers will not need 

to subsidise car-using employees at the 

expense of employees without cars. 

 ■ For the general public, public space will 

not be given freely. 

Figure 4 compares parking facility 

construction costs with construction 

costs for other types of structures. 
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Parking facility construction costs are 

as low as R300 per m2 for open, unstruc-

tured parking to as high as R2 900 per m2 

basement parking. Pricing of parking 

to recover construction costs would set 

tariff s in the order of a few cents per hour, 

given a payback period of fi ve years and 

even lower for longer payback periods. 

In order to recover operational costs, 

parking tariff s for a typical basement 

parking would be in the order of a couple 

of Rand per hour, and much lower for un-

structured parking. A parking charge in 

the order of R3 per hour to recover capital 

and operational costs for structured 

parking would probably be suffi  cient. Th e 

tariff  would be slightly higher to refl ect 

parking space occupancy rates which are 

not always at 100%.

Parking, however, is more than just 

about capital and operational costs re-

covery; it is also about land opportunity 

costs typically refl ected in property 

rental prices. Th is article therefore takes 

the position that, apart from cost re-

covery, the parking tariff s should at least 

be refl ective of the prevailing land value. 

Th ereafter, additional charges need to 

refl ect the relative demand for space, and 

transport policy measures. In order to 

calculate the minimum parking tariff , 

the prevailing offi  ce rental rates can be 

used as an example:

 ■ Rental for relatively prime high-grade 

offi  ces is currently between R100 and 

R200 per m2. For the purpose of calcula-

tions in this article, R150 per m2 is used.

 ■ A parking bay is typically 12,5 m2 in 

size. Th erefore an equivalent rental rate 

for parking is R1 875 per month.

 ■ For a typical 8-hour long working day, the 

R1 875 per month translates to R12 per 

hour. Th is fi gure is indicative of the 

minimum tariff  that should be charged 

for parking in metropolitan areas.

Crudely described, a tariff  of R12 per 

hour for parking in the work place means 

employees can be given an option of 

being paid extra as much as R1 875 per 

month for use as they like or for pay-

ment of parking. Th is amount is actually 

equivalent to income earned by less than 

about 70% of households in South Africa. 

Elsewhere in the world, the practice of 

cashing out on free parking has actually 

been shown to reduce demand by as 

much as 20%. 

At the average monthly work place 

parking tariff  of R113 per month (or 

70 cents per hour) as is the case in 

Gauteng, or infl ated to 2011 to R120 per 

month (or R1 per hour), it means where 

employees pay for parking they typically 

cover operational costs of parking facilities 

and the rental cost is grossly subsidised.

CONCLUSION
‘Free’ parking is a social overhead cost. Over 

and above covering capital and operational 

costs, a fair parking tariff  needs to at least 

refl ect the value of land on which parking 

is provided. Additionally, other factors such 

as demand for space and transport policy 

measures need to be refl ected in the tariff . 

On the basis of current land value in metro-

politan areas, it appears parking tariff s in 

the order of R8 to R15 per hour would be 

fair to recover capital and operational costs, 

as well to pay for space rental. Parking tariff s 

such as the one at OR Tambo International 

Airport therefore begin to set good pre-

cedence of how parking tariff s should be 

set. Parking rates in cities that have more 

progressive transport systems suggest that 

the rate should be signifi cantly higher. 

However, the tariff  amount is not as impor-

tant as ensuring that the tariff  is refl ective of 

transport policy. Ultimately, parking is only 

one of the many instruments in a basket of 

measures that should be implemented for 

an equitable transport system. 

RECOMMENDATIONS
Based on the observations made in this 

article, the following recommendations 

are warranted:

 ■ Th e Department of Transport needs to 

revise the apparently outdated parking 

standards to refl ect sustainable deve-

lopment objectives.

 ■ A more comprehensive transport-

policy-based parking model should 

be developed to inform parking and 

overall transport policy for planning 

authorities acoss South Africa. 
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Prioritisation of non-motorised 
transport projects

Governments in both developed 

and developing economies 

are beginning to realise the 

importance and the benefits 

of an effective non-motorised 

transport (NMT) network. 

Identifying deficiencies in their 

respective existing transport 

systems and consequentially 

undertaking effective planning 

and realisation, are essential 

elements towards a sustainable 

NMT network. SSI Engineers 

and Environmental Consultants 

have pioneered a systematic, 

easy-to-implement approach to 

prioritising NMT projects which 

is sympathetic to the needs 

of citizens, and is founded on 

rational engineering criteria. This 

article describes the approach

INTRODUCTION
Non-motorised transport (NMT) includes 

all means of transport that are human- 

or animal-powered. Examples of NMT 

include walking, cycling, rollerblading, 

skateboarding, push-scooters and wheel-

chair travel. 

Th e Draft National Non-Motorised 

Transport Policy (December 2008) ar-

ticulates the following vision, mission, 

strategic objectives and guiding policy 

principles:

Vision
Non-motorised transport will be a sus-

tainable and stimulating mode of trans-

port for social and economic development 

within an integrated effi  cient transport 

system.

Mission
Th e mobility needs of marginalised com-

munities and NMT users shall be met 

through the provision of a safe, secure 

and reliable transport system.

Strategic objectives
Th e objectives of an NMT policy include, 

inter alia:

 ■ Integration of NMT into the transport 

system, including transport and spatial 

planning

 ■ Endorsement and facilitation of the use 

of NMT modes

 ■ Development of infrastructure and 

maintenance standards that recognise 

NMT as an essential mode of transport

 ■ Enhancement of traffi  c legislation that 

recognises NMT as an alternative 

transport mode

 ■ Facilitation of NMT as a feeder system 

to other modes of transport

 ■ Empowerment of the marginalised 

groups through NMT

 ■ Allocation of adequate and sustainable 

funding for promotion and develop-

ment of NMT

 ■ Promotion of NMT as a reliable, 

healthy and safe transport mode

 ■ Reduction of the number of traffi  c 

fatalities of vulnerable non-motorised 

road users, and

 ■ Facilitation of research and new initia-

tives to improve NMT performance.

Guiding policy principles
In striving to meet the NMT policy objec-

tives, the national government will be 

guided by the following broad principles:

 ■ Th e need to integrate non-motorised 

transportation into the transport 

system.

 ■ Th e need to improve the quality of life 

of marginalised people.
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 ■ Adherence to the principle of environ-

mental protection and energy conserva-

tion.

 ■ Th e integration and connectivity of 

the fi rst and second economies and 

the connectivity and integration of the 

rural and urban areas.

 ■ Th e need for economic revitalisation of 

the rural areas.

 ■ Th e promotion of safety as a critical 

facet of public and freight transport.

 ■ Th e need to increase accessibility and 

mobility.

METHODOLOGY FOR NMT PLANNING
A systematic, easy-to-implement ap-

proach to the prioritisation of projects is 

part of the methodology for NMT plan-

ning. Th e following paragraphs describe 

the NMT planning method and the in-

formation that should be collected during 

the diff erent steps. 

Status quo analysis
Using the information available, as well 

as that garnered from meetings and/

or interviews with relevant offi  cials and 

stakeholders, the status quo of the NMT 

situation is analysed, from a planning 

point of view, as well as assessing the 

currently available NMT infrastructure 

in terms of its adequacy and quality. Th e 

main aspects that need to be identifi ed 

include important NMT routes, and stra-

tegic locations within the municipality, 

such as public transport facilities, edu-

cational precincts, commercial facilities, 

health centres and sporting facilities. 

Other factors include traffi  c (vehicle and 

pedestrian) volumes, accident hot spots 

and the function of a section of road and 

major intersections. As part of the status 

quo process, public consultation sessions 

are also important.

Strategic NMT planning
A strategic network of NMT connec-

tions is developed. The strategic NMT 

planning is aligned with other trans-

portation planning documents, urban 

planning and new developments. The 

strategic NMT network links destina-

tions that are important to NMT users. 

The main routes are links between 

residential areas and destinations such 

as schools, hospitals, public transport 

hubs etc. This results in a strategic map 

of the NMT network and a description 

of the main goals for NMT. 

Design guidelines and standards
Based on the strategic objectives and 

the general approach developed in the 

strategic planning, the type of NMT 

NMT planning is crucial and includes 

significantly more than infrastructure 

provision. Inadequate planning could 

result in insufficient allocation of 

resources which ultimately result in 

ineffective implementation of NMT 

programmes and initiatives. Despite 

the strong motivation for NMT in 

policy and legislation documents, 

implementation of projects is 

inconsistent. This calls for adequate 

NMT implementation strategies and 

plans across government spheres. 

Local governments have to ensure 

that appropriate and adequate NMT 

facilities are provided to encourage 

NMT use as modal choice 
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infrastructure and facilities required 

to meet the objectives are determined. 

Th ere are standard design guidelines 

available from the Department of 

Transport. Reviewing these national 

guidelines is necessary for the setting 

of general NMT infrastructure design 

guidelines, which will be applicable 

throughout the municipality.

Infrastructure improvements programme
Th e strategic objectives, the NMT network 

connections and the design guidelines 

provide a vision of the desired NMT infra-

structure. Comparing this vision with the 

results of the status quo analysis identifi es 

the locations where infrastructure or other 

improvements are needed. In conjunction 

with existing projects and programmes, 

this should lead to an extensive NMT in-

frastructure improvement programme. 

Implementation plan
Broad fi nancial estimates for the projects 

that are included in the NMT improve-

ment programme are produced. SSI has 

developed a prioritisation model, based on 

their attributes, to reach the municipal-

ity’s objectives.

ASSESSMENT 
In order to assist in the rating and ranking 

of upgrade needs of the primary road 

network, an objective assessment process 

is developed. In the formulation of an 

assessment process the following criteria 

are used:

 ■ User-friendliness of assessment system 

(objective, simple, understandable, ac-

cessible)

 ■ Inclusive of all major infl uences

 ■ Easily updated (related to tangible 

aspects)

 ■ Applicability (should correspond to 

signifi cant factors).

Class of NMT facility needed
The adopted guidelines should always 

be consulted and referred to during the 

NMT planning and design processes. 

However, in particular situations, dif-

ferent classes of NMT facilities may be 

desired, or necessary. The necessity of a 

facility depends, among other things, on 

the speed of the motorised traffic, the 

volume of the motorised traffic and the 

volume of NMT users. In most residen-

tial areas the speed and volume of the 

motorised traffic is low, which makes 

it safe for NMT users to share the road 

with the motorised traffic. In addition 

to the transport planning elements, 

considerations such as completing a 

route or the presence of a special desti-

nation like a school or clinic can make 

an NMT facility desirable. 

The first assessment of the need for 

an NMT facility is carried out on the 

basis of the traffic indicators, and the 

speed and volume of motorised traffic. 

Commencing with the speed of mo-

torised traffic, as per the decision-tree 

shown in Figure 1, and moving on to the 

volume of motorised and non-motorised 

traffic, etc, the tree is a guide to the 

type of facility desired. 

A second important reason to in-

clude NMT facilities can be the comple-

tion of a route. Sometimes sections of a 

route pass an area or street where, based 

on the indicators as per Figure 1, NMT 

facilities are not required. To ensure 

that users will recognise routes and to 

make the entire route more attractive, 

these short sections should be upgraded 

and aligned with the adjacent sections 

of the route.

A third reason to incorporate NMT 

facilities is to promote the destination 

itself. As an example, a botanic garden 

can be important as a tourist destina-

tion. Therefore, to promote the botanic 

garden and the use of NMT to get 

there, an extra route can be added to 

the network.

Table 1   Example 1 of prioritised intersections 

NAME 1 NAME 2
Road 

safety

Vehicle 

volume

NMT 

volume
School

Hospital 

Clinic

Public 

facility
PT HUB

Ranking 

score
Ranking

Rank

rate
Priority

Hoosen 

Haff ejee
Masukwana 8 2 6 4 0 2 10 32.0 3 29 1

F.J. Sithole Sutherland 6 2 6 16 2 0 2 34.0 1 29 2

F.J. Sithole Sinkwazi 6 0 6 16 2 1 2 33.0 4 29 3

Buchaman
Selby 

Msimang
6 3 6 12 0 0 2 29.0 13 29 4

Bahambra Way
Bombay 

Road
6 2 6 16 2 1 0 33.0 2 27 5

2

2  Cycling alongside Moses Mabhida Road
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Serving our living 
environment

Ratings
NMT routes are evaluated and, based 

on their current status, rated on cur-

rent facilities. As an example, Moses 

Mabhida Road (see Figure 2) was evalu-

ated on factors which included road 

safety, present NMT facilities (cycle 

lane, sidewalk, lighting of the road, 

possibilities to cross the road, speed 

calming) etc.

Th e criteria are scored and points 

awarded in terms of importance of each 

aspect. Th e points for each aspect are 

then weighted to achieve a more balanced 

quantifi cation of the relative signifi cance 

of each road.

Rankings
NMT routes are evaluated, based on their 

possibilities/need for NMT facilities. Th e 

ranking puts a value to the facilities or 

destinations for NMT users along a road 

section or intersection. For example, 

Moses Mabhida Road was evaluated on 

factors which included distance to public 

facilities, such as schools, hospitals, public 

transport hubs, etc. 

PRIORITISATION OF PROJECTS
In order to prioritise road section/inter-

section projects, a list is compiled. Th is is 

done using the following process:

 ■ Th e necessity of a type of NMT facility 

is assessed (refer above: Class of NMT 

facility needed).

 ■ Th e warranted type of facility is com-

pared with the existing type (refer 

above: Ratings). 

 ■ Th e projects where an upgrade is 

desirable are ranked according to the 

ranking system (refer above: Rankings).

 ■ The current rating is deducted 

from the ranking so it will be clear 

that those road sections / inter-

sections that need upgrading ac-

cording to the ranking system will 

be at the top. In other words, the 

ranking (need for a facility) minus 

the rating (quality of the present 

facility) will indicate the priority.

In Tables 1 and 2, columns 3 through 9 

are scored based on the assessment of 

the element (as per the column name). If 

traffic safety is problematic the score is 

higher than when it is not a problem. If 

the data is available the columns should 

be scored with an appropriate inter-

pretation of the relevant information. 

As an example, traffic volumes >500 

motorised vehicles in peak hour equal 3, 

whereas 200 – 500 motorised vehicles in 

peak hour equal 2, and < 200 motorised 

vehicles in peak hour equal 0. If there 

is no specific data available estimations 

can be made. 

Th e stakeholders should be involved 

in assessing which elements are used and 

what a rating means before scoring the 

columns. Stakeholders, together with the 

municipality, should discuss the scoring 

by using examples that are very diff erent 

from one other. Th is will help to empower 

the stakeholders, as they can infl uence 

and direct which criteria they perceive as 

most important.

Th e quantifi cation methodology in 

Tables 1 and 2 illustrates the fl exibility 

of project prioritisation. It may, and can 

be, assessed and prioritised according to 

the criteria considered appropriate. For 

example, in Table 1 schools and clinics 

are given less weight compared to Table 2 
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and there are changes in the NMT project 

prioritisation. Th ese tables also justify to 

stakeholders why certain projects were 

chosen in preference to others, should 

such questions arise. 

Th e scoring makes it possible to 

translate the strategies and vision of 

the municipality into objective values, 

which in turn can be converted into a 

prioritised implementation programme. 

In this example the municipality has, if 

scored as in Table 2, a very fi rm policy 

to provide NMT routes to schools and 

hospitals, whereas in Table 1 the NMT 

routes to public transport are of the 

same weighting/importance as routes to 

schools and hospitals.

MONITORING AND REVIEW
Monitoring of the progress of imple-

mentation and usage of NMT is an 

essential aspect leading to the success 

of the project. The equally important 

review (and when necessary revision) of 

the infrastructural requirements must 

be carried out and the prioritisation and 

programming be continually updated.

The aim of the monitoring and 

review exercise must be to provide 

information on the performance and 

development of the NMT network and 

to serve as a means of assessing the ex-

tent to which the implementation of the 

proposals are meeting the objectives of 

the municipality.

Monitoring
Th e monitoring of the NMT Plan should 

supply information on how key charac-

teristics of the system are performing. In 

order to achieve this, the following data 

has to be collected:

Motorised traffi  c volumes and patterns
The motorised traffic element 

should comprise the annual traffic 

counting programme, traffic 

intersection counts and the surveys 

connected with travel time and de-

lays throughout the municipality. 

Non-motorised transport volumes and patterns
Surveys that detail volumes and traffi  c 

routes need to be carried out for NMT 

within the municipality. Th ese surveys 

should be undertaken both before and 

after the introduction of NMT measures, 

and also where these are infl uenced by 

new commercial, industrial or residential 

developments. 

Road accidents statistics
Comprehensive and accurate road acci-

dent statistics are essential if an eff ective 

non-motorised transport plan is to be 

successful. 

Review
Transportation is a dynamic on-going 

process. Concepts and programmes 

need to be fl exible enough to permit 

refi nements to the system elements. Th e 

process undertaken in the compilation 

of an NMT plan will be able to inform 

municipalities as to the best way to 

proceed in undertaking their intention. 

Th e Msunduzi Municipality goal was to 

“develop a comprehensive NMT system, 

which will create safer and easier ways to 

walk and cycle whilst promoting NMT as 

an alternative means of transport”. 

Th e review stage needs to analyse the 

monitored data and enable an assessment 

of the situation. Th e review examines how 

projects which have been implemented 

meet the NMT plan objectives, and gives 

direction as to the most appropriate way 

forward.

In the case of immediate and 

shorter term projects, generally there 

is sufficient motivation and supportive 

information to implement as soon as 

practicable. However, many of the con-

cepts and projects identified in an NMT 

Plan require advancing to a detailed 

planning/design level with the necessity 

for suitably robust data. 

CONCLUSION
NMT planning is crucial and includes 

signifi cantly more than infrastructure 

provision. Inadequate planning can result 

in insuffi  cient allocation of resources, 

which ultimately result in ineff ective 

implementation of NMT programmes 

and initiatives. Despite the strong motiva-

tion for NMT in policy and legislation 

documents, implementation of projects is 

inconsistent. Th is calls for eff ective NMT 

implementation strategies and plans 

across government spheres. Local govern-

ment has to ensure that appropriate and 

adequate NMT facilities are provided to 

encourage NMT use as a modal choice. 

Geographic Information System (GIS) 

would be an ideal platform as bases for 

these analyses.  Currently fi nding correct 

up to date databases to fi ll the GIS is very 

hard. Ideally a South African database on 

traffi  c would be set up and monitored on a 

national level. Items such as traffi  c volumes, 

accident records and location of public fa-

cilities should be available to everyone.

SSI has pioneered a systematic and 

pragmatic approach to NMT plan-

ning and project prioritisation based 

on successful Dutch and South African 

experience. Th is approach demonstrates 

how municipalities can practically plan, 

design, construct and maintain NMT 

facilities.
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Table 2    Example 2 of prioritised intersections 

NAME 1 NAME 2
Road 

safety

Vehicle 

volume

NMT 

volume
School

Hospital 

Clinic

Public 

facility
PT HUB

Ranking 

score
Ranking

Rank

rate
Priority

F.J. Sithole Sutherland 6 2 6 16 10 0 2 42.0 1 36 1

F.J. Sithole Sinkwazi 6 0 6 16 10 1 2 41.0 4 36 2

Bahambra 

Way

Bombay 

Road
6 2 6 16 10 1 0 41.0 2 34 3

Buchaman
Selby 

Msimang
6 3 6 12 0 0 2 29.0 10 27 4

Hoosen 

Haff ejee
Masukwana 8 2 6 4 0 2 10 32.0 3 27 5



Civil Engineering | September 2011 65

Yashwin Bhoola

Associate Partner

Letsema Consulting and Advisory (Pty) Ltd

yashwinb@letsema.co.za

Langa Kambi-Shamba

Consultant

Letsema Consulting and Advisory (Pty) Ltd

langak@letsema.co.za

Making African Logistics Move
GLOBAL DEMAND FOR natural resources is at an all-time 

high, driven primarily by the seemingly endless appetite of the 

East. With economies like China and India consistently main-

taining signifi cant growth rates in the region of 10% per annum 

whilst the rest of the world grows at 2-3% p.a., one can begin to 

understand the imbalance in global supply which is currently 

taking place. China is forecasting a shortfall of 100 million 

tonnes of coal by 2015, while India is forecasting a 112 million 

tonne shortfall over the same period. In order to maintain the 

traditional demands of the West and feed the growing require-

ments of the East, new supply regions will need to be secured. 

Th e African continent is home to some of the largest re-

source deposits in the world. Eleven of Africa’s countries are 

ranked among the top ten sources of at least one of the major 

natural resources in demand globally. Most of these natural re-

sources have not been exploited and are only recently beginning 

to be discovered. Th e scale of these undiscovered resources and 

the associated wealth in economic terms has been a signifi cant 

topic of discussion for the 21st century. With the African conti-

nent ideally located to supply both Eastern and Western markets, 

Africa is well positioned to capitalise on this opportunity. 

BUT, DOES AFRICA HAVE THE LOGISTICS 
CAPACITY TO CAPITALISE ON THIS OPPORTUNITY?
One of the major hurdles which could potentially derail African as-

pirations of fulfi lling this supply need is the lack of well-established 

transport and logistics infrastructure. Although Africa has an 

abundance of resources, signifi cant proportions of these resources 

are not situated near coastal regions and require viable transporta-

tion solutions to realise mining opportunities. A recent report by the 

World Bank on forty-eight of Africa’s fi fty-four countries, estimates 

that the continent needs to spend USD 93 billion a year to plug the 

infrastructure gap and be on par with the developed world. By 2009, 

total commitments to infrastructure only reached USD 38.4 billion, 

including donor, private sector, and major players such as China, 

India and Arab investments. Over this period, Africa also saw a 20% 

drop in private sector investment due to the global fi nancial crisis. 

In other words, the short answer to the above question posed is “no, 

not fully”. Although signifi cant investment has been ploughed into 

African infrastructure, much more is needed to fully capitalise on 

the available opportunity. 

Moving bulk resources over medium to long distances typi-

cally involves an intermodal logistics solution. With rail costs some 

25-50% cheaper than road over these distances, it is clearly the 

preferred transport mode. For most African mining operations 

to therefore compete in the global market, a suitable, effi  cient rail 

solution is required. Th e principal problem, however, arises in that 

African railways were never designed from the onset to handle 

the signifi cant volume demanded globally, especially as a result of 

recently discovered deposits. Investment in rail capacity is also an 

expensive exercise. Th e cost of new construction of a 500 km single-

track, non-electrifi ed railway on relatively fl at terrain is approxi-

mately USD 20-30 million. Th e sheer scale of investment required 

to develop competitive logistics solutions is often out of reach of 

many African economies and most countries have no alternative but 

to consider public-private partnerships (PPPs) and/or other hybrid 

funding models. But these, too, have also not always yielded success. 

Since 1992, sixteen rail concessions have been granted in Africa. Of 

these, only six have operated for more than fi ve years, while only 

two of these operated without signifi cant dislocation of some sort. 

Also, of the many state-owned operational African rail networks, 

many struggle to reach full levels of capacity. Investment challenges 

coupled with network underperformance could leave Africa missing 

the growth opportunity altogether. 

SO WHY IS IT THEN THAT AFRICA CANNOT GET LOGISTICS TO WORK?
Recent interviews with leaders from several southern African 

mining and logistics organisations cited three main areas where 

African logistics fail:  

 ■ Productivity
Logistics costs in Africa do not compare well with other in-

ternational competitor countries. Th is puts strain on mining 

operators in a dynamic economic environment where price 

fl uctuations are inevitable. Productivity is further aff ected by 

various government policies and regulations which at times 

tend to drive up logistical costs.        

 ■ Service delivery
Erratic and sometimes poor service delivery is also a major 

feature of the African logistics discussion. With rail being the 

preferred mode of transport for bulk, it’s no surprise that it is 

cited as the area where this particular weakness exists. Poor 

service delivery also creates uncertainty and adds to the risk of 

mining operations.    

 ■ Capacity
Capacity limitations often limit the viability of certain 

mining operations. Furthermore, operational inefficiencies 

across the logistics chain often result in capacity not being 

reached, and consequently planned returns on investments 

not being realised.  

Since logistics is a ‘network’ business (where networks are a 

series of interdependent operations facilitating movement of 

products from one point to another) none of these challenges can 
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be pinpointed to one single operator. Th is often makes solving 

these types of issues quite diffi  cult and often results in each op-

erator (from the mine to the logistics providers) going around in 

circles, blaming one another. Considering the series of operators 

forming a typical logistics network (including rail operators, port 

operators, trucking companies, mining operations, etc), where 

each operator impacts the other, determining the main causes of 

issues impacting network performance can be a complex task. 

Consider a typical example where a mining operation may 

complain that they have not received their train on time. Th e rail 

operator acknowledges that part of the problem was related to an 

infrastructure failure across the network, but also cites delays ex-

perienced at the port and with mining operations that prevented 

the rail operator from turning their assets around in time. Th e 

port may at the same time blame mining product quality as an 
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1  A maturity funnel can be a useful tool to understand the diff erent phases 

and operating principles adopted or employed across a logistics chain

2  The Maputo Corridor is an excellent case study of how a shift in the 

operating environment created a substantial improvement in performance
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issue which slowed their offl  oading process, whilst the mine may 

also complain that their operational procedure is confi gured to 

prepare for loading a product at a certain time and is not geared 

for highly variable services. 

Can the single operator impeding performance be pin-

pointed? No, and that is because there is not just one – all opera-

tors have an eff ect on performance, some potentially more than 

others. It is for this reason that networks are inherently complex 

beasts, and for this reason that it is diffi  cult to fi nd a uniform 

solution to the challenges cited by the interviewed leaders above.  

MAKING AFRICAN LOGISTICS MOVE
Enhancing the typical logistics operating model employed in 

African economies could be an important start towards a more pro-

ductive, service-oriented and effi  cient solution. A maturity funnel 

can be a useful tool to understand the diff erent phases and operating 

principles adopted or employed across a logistics chain. Th e funnel 

can also provide a useful benchmark to all operators across a logis-

tics chain of how they are operating in relation to one another. Th e 

most immature operating situations are those that typically operate 

in isolation (or ‘Segmentation’). As maturity across the supply chain 

increases, stakeholders move through phases of ‘Cooperation’ to 

‘Collaboration’ to ‘Integration’ and fi nally to ‘Unifi cation’.

Segmentation:
 ■ Fragmented operations with each stakeholder acting 

independently of each other with no view or considera-

tion of how they may impact each other’s operation 

 ■ Stakeholders adopt a silo mentality which re-

sults in a ‘net negative’ management practice

 ■ Limited integration or joint accountability with and be-

tween each other that breeds a culture of  ‘blame’

Cooperation:
 ■ First signs of maturity across supply chain

 ■ Formalised relationships develop (usually around 

areas mutually benefi cial to parties)

 ■ Characterised by the development of performance 

agreements aimed at maximising performance

Collaboration:

 ■ Development of trust and commitment to-

wards relationship between all stakeholders

 ■ Stakeholders begin to understand role in broader supply chain 

 ■ Creation of sporadic joint forums to resolve 

critical issues impeding performance

Integration:
 ■ Joint initiatives towards areas of mutual bene-

fi ciation (cross functional teams, etc.) 

 ■ Formalised forums to measure and monitor performance and 

joint problem-solving around areas impacting performance

Unifi cation:
 ■ Alignment between all stakeholders on 

short and long-term priorities

 ■ Common and aligned performance measurements and 

goals being driven within each stakeholder organisation

 ■ Simplifi ed organisational interaction that enables 

nimble, empowered and aligned decision-making
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Substantial benefi t exists as supply chains increase in maturity. 

System or network performance generally increases in line with 

supply chain maturity increases. Experience has shown that the 

greatest performance increase is typically achieved during the 

collaboration phase. Th is is understandable given that during this 

phase organisations begin to make a conscious decision to work 

together for the greater good of all concerned.  Levels of per-

formance increases are, however, dependent on the complexity 

of the supply chain, the number of stakeholders and the relative 

infl uence of each stakeholder. 

Th e Maputo Corridor, which links Johannesburg and 

Witbank to Maputo (Mozambique), is an excellent case study of 

how a shift in the operating environment created a substantial 

improvement in performance. Over the September 2010 to 

March 2011 period, Corridor performance more than doubled. 

Th is was accomplished without signifi cant infrastructure 

investment and/or capital injection. Over the same period, 

longer-term growth aspirations and the required investments 

were also aligned, agreed and committed to by relevant rail 

and port operators. Th is performance was achieved through 

a conscious joint eff ort to change the way all stakeholders on 

the Corridor operated and interacted with one another. Led 

as a joint eff ort between the governments of Mozambique and 

South Africa, in conjunction with their respective state-owned 

enterprises and the private sector, the Corridor has shown that 

even complex logistical chains, consisting of several operators, 

can maximise throughput while also planning for capturing 

South African coal demand.  

PREREQUISITES FOR AFRICAN SUCCESS
In light of the current African climate and realities discussed 

above, improving African logistics may require several pre-

requisites to ensure ‘success’. Moving from segmentation to 

unification is not an easy task, and not having the required 

foundations in place across a logistics chain, could also risk 

not achieving the expected results. Before embarking on 

initiatives aimed at facilitating improvements, it is therefore 

important that time is spent ensuring that the following two 

areas of prerequisites are securely in place:

A shared mindset between all stakeholders across the logistics chain
 ■ It is critical that all stakeholders across the logistics chain have 

a common ambition to achieve. Without suffi  cient ambition to 

create fi nancial and/or social benefi t, insuffi  cient motivation 

will exist to drive the required performance.   

 ■ A willingness to collaborate is an important talent needed 

to create and build trust. Without a collaborative attitude, 

more time is wasted on value-destroying as opposed to value-

creating activities. 

 ■ An aligned vision is essential to ensure that all stakeholders are 

driving towards the same goal. Logistics operations with opera-

tors driving towards diff erent goals often end up underachieving.

An appropriate operating environment that is conducive to facilitating business 
 ■ Required government support and regulations must be in 

place to provide operators with the best opportunity for suc-

cess. Strong leadership (particularly from government) is 

required to encourage and support the facilitation trade. Th is 

is especially important for cross-border/regional operations.   

 ■ For logistics operations to make business sense, it is vital 

that all stakeholders acknowledge the required investments 

to ensure overall viability. Th ereafter, it is even more critical, 

that all stakeholders follow through on the implementa-

tion of planned investments. One operator not creating 

the required capacity in one portion of the network could 

jeopardise the viability of other operations in the network.

IN CLOSING
Africa is poised to play a meaningful role in the supply of key com-

modities which are currently in demand globally. Th e response to 

closing the existing infrastructure and logistic gaps will largely de-

termine the rate of value realisation across the continent. Substantial 

opportunity exists to maximise existing available transport capacity 

and ensure rapid uptake of new capacity by considering the type 

of operating model employed. African logistics may be more in the 

control of Africans, than many believe it to be. 
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Pietermaritzburg Airport runwayPietermaritzburg Airport runway

lands new technologylands new technology
WITH PIETERMARITZBURG being the 

capital of the KwaZulu-Natal Province, 

it had become necessary to upgrade the 

city’s airport. Th e airport had gradually 

lost popularity over time due to growing 

dissatisfaction with the level of comfort 

on the Jetstream aircraft, perceptions of 

unreliability, diversions to Durban and 

some fears about safety. Th e ailing airport 

experienced a 25% decline in passenger 

numbers from 2006 to 2009. 

Th e upgrade (to the value of R40 mil-

lion) of this Category 4 airport took place 

over a three-year period and was funded 

by the KZN Provincial Treasury. 

One of the major elements in this 

project was the rehabilitation of the air-

port’s runway. Th e rehabilitated runway 

pavement boasts several innovations.  

THE EXISTING RUNWAY
Th e existing runway was built more than 

20 years ago and is 1 780 m long and 30 m 

wide. For approximately ten years the 

runway had undergone continuous and 

costly maintenance, using crack sealing 

and major patch repairs. It was eventually 

decided, as part of the upgrade, to con-

sider resurfacing the runway.

In August 2009 the runway pave-

ment was assessed using visual assess-

ment, Dynamic Cone Penetrometer 

(DCP) survey and a Falling Weight 

Defl ectometer (FWD) analysis. Th e 

runway presented structural weak-

nesses in the landing zone, probably due 

to the infi ltration of water in the base 

course, caused by serious cracking on 

the existing asphalt layer. Continued 

loads along the centre line of the runway 

aff ected the cross falls on the runway 

and created further problems of water 

ponding on the surface. Th is was com-

pounded by a blocked 900 mm diameter 

pipe culvert which carried stormwater 

under the runway. Th e ponding water 

posed a safety hazard for aeroplanes on 

take-off  and landing. 

Th e main problem was related to the 

ageing asphalt surface layer which no 

longer correctly functioned as an imper-

meable layer, due to extensive longitudinal 

and transverse crocodile cracking. Water 

was therefore seeping into the underlying 

layers causing major failures to the base 

course layers. 

REHABILITATION PLANNING
A two-stage rehabilitation process was 

proposed. The first stage commenced 

on 1 November 2010 and entailed crack 

sealing and extensive patching and base 

repairs. The second stage commenced 

on 16 February 2011 and comprised a 

rehabilitation exercise using fibreglass 

geogrids of 100 kN x 100 kN strength, 

and 40 mm of asphalt overlay, followed 

by a 20 mm ultra-thin latex modified 

(ULM) layer. 

1  Fibreglass geogrid on the Pietermaritzburg 

Airport runway had to be installed at night
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DESIGN
Th e design of the works was under-

taken by Pietermaritzburg-based Brava 

Engineers, with design support from 

Maccaferri Southern Africa. Maccaferri 

was not new to the technology of asphalt 

reinforcement techniques using geosyn-

thetics, as they had already placed over 

two million square metres of grid around 

the world over a period of three years.

Approximately 9 000 m of crack 

sealing was undertaken on Saturdays. 

Approximately 300 tonnes of bitumen-

treated base course were used to correct 

the cross falls on the pavement. Budgetary 

constraints prevented the correction of 

the vertical alignment of the pavement. 

Th e repair work was followed by a tack 

coat upon which the 66 000 m² of 100 kN x 

100 kN fi breglass grids were laid. Th e cold 

night temperatures had an infl uence on the 

activation of the fi breglass grid adhesive, 

resulting in the grid lifting up during 

placement. A 15 mm asphalt blinding layer 

was therefore placed over the grid immedi-

ately after placement to prevent movement. 

A 40 mm asphalt layer was thereafter 

placed at a cross fall of between 0,5% and 

1%. Th e asphalt was topped with a 20 mm 

latex-modifi ed ultra-thin surface which 

met the design requirements for friction 

and skid resistance. 

Th e runway markings were painted 

with refl ective paint containing glass 

beads to enhance visibility in all weather 

conditions. Th e drainage on either side of 

the runway was improved by clearing the 

blocked pipe culvert and creating gabion 

structures to allow fl ow from one side of 

the runway to the other. 

MacGrid AR A.7
Th e MacGrid AR A.7 series geogrids are 

planar materials comprising fi breglass 

strands arranged in a grid shape with 

square bitumen coated mesh and with a 

pressure-sensitive adhesive. As per the 

design, the tensile strength required was 

of 100 kN/m in both directions. Th erefore 

a MacGrid 100 x 100 with a Youngs 

Modulus equal to 76 GPa and elongation 

at rupture less than 4% was chosen.

Due to the fi breglass melting point of 

1 000°C, MacGrid AR usage ensures re-

sistance to high temperatures (which are 

typical of paving operations) and there-

fore the stability of the reinforcement. 

Tensile and creep resistance are 

essential characteristics attributed 

to the principal component (glass) of 

MacGrid AR.7. Glass aff ords a much 

higher tensile resistance per unit weight 

than polymeric materials such as polyester, 

polyethylene and polypropylene, with 

minimum creep elongation. Furthermore, 

MacGrid AR.7 does not show appreciable 

memory – once unrolled, it does not re-

turn to the curved shape of the roll, which 

would generate a spring eff ect typical of 

other polymeric geogrids.

A NEW SOLUTION IN ASPHALT OVERLAY
As far as the authors are aware the 

runway at Pietermaritzburg Airport 

is probably the fi rst runway in South 

Africa where this type of overlay solu-

tion has been adopted, i.e. the use of a 

geosynthetic asphalt reinforcement layer 

inserted in the pavement layer to increase 

the structural performance of the runway. 

Geosynthetics for reinforced asphalt 

must possess the following properties to 

comply with the requirement of a runway:

 ■ High-tensile strength and tensile mod-

ulus, in order to provide consistent ten-

sile forces with minimum elongation. 

 ■ Very low viscous elongation (creep), 

to resist the formation of incremental 

plastic deformation of asphalt over a 

long time. 

 ■ Capacity of lateral confi nement of ag-

gregates for limiting the lateral defor-

mations, hence open-grid structure and 

not plain solid surface. 

 ■ High fl exibility and drape-ability, in 

order to lie fl at on the asphalt surface 

without generating waves and without 

creating voids; sheets must lie fl at on 

the supporting layer, without requiring 

nailing or pre-tensioning. Moreover, 

sheets must not be resilient, in order to 

avoid a spring eff ect, which would pro-

duce undesirable stresses in the asphalt.

 ■ Resistance to high temperatures so as 

to avoid the formation of waving and 

shrinkage, which would produce fur-

ther cracks in the asphalt. 

 ■ Capacity to keep the bond between the 

upper and lower asphalt layers, granted 

by the tack coat, without creating a 

separation between the two layers. Th e 

capacity of confi nement and the open 

structure, which on the one hand al-

lows aggregate confi nement and on the 

other hand does not prevent the bond 

between the upper and lower asphalt 

layers, are peculiar characteristics of 

geogrids. It is very important to ensure 

the bond between the asphalt layers, 

in order to allow the two layers to act 

The last fl ight out of Pietermaritzburg 

left daily at 18:30, and the fi rst 

fl ight in again the next morning 

was at 6:45. Work on the runway 

therefore had to be undertaken at 

night after 19:00, with work ceasing 

at 4:00 each morning. A stretch of 

runway 100 m x 30 m (3 000 m2) 

was resurfaced daily, including the 

placement of the MacGrid. The newly 

laid surface was feathered from 

40 mm down to the old level over a 

distance of 2 m to allow a smooth 

transitional surface for landing aircraft
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coherently so as to compositely resist 

the fatigue cycles. Incidentally, dela-

mination of the two layers will in fact 

accelerate cracking. 

CONSTRUCTION
Th e rehabilitation works were under-

taken by Pietermaritzburg-based Elco 

Asphalters. Th e work commenced in 

November 2010 and was completed in 

June 2011. Th e fact that the airport could 

not be closed during the construction 

period posed a major challenge to the 

construction team. Th e last fl ight out of 

Pietermaritzburg left daily at 18:30, and 

the fi rst fl ight in again the next morning 

was at 6:45. Work on the runway therefore 

had to be undertaken at night after 19:00, 

with work ceasing at 4:00 each morning. A 

stretch of runway 100 m x 30 m (3 000 m²) 

was resurfaced daily, including the place-

ment of the MacGrid. Th e newly laid 

surface was feathered from 40 mm down 

to the old level over a distance of 2 m to 

allow a smooth transitional surface for 

landing aircraft. Th e 2 m section was 

then milled to the original level before 

continuing the pavement placement on the 

following day. Th e runway was thereafter 

thoroughly cleaned to remove loose stones 

which could be picked up by aircraft and 

could damage their engines. Th e ultra-

thin layer followed in a similar manner 

after completion of the 40 mm asphalt. 

Because of its inland location, 

Pietermaritzburg experiences harsh 

winters. Production was therefore often 

halted when temperatures dropped to 

below 8°C. Th is occurred mainly during 

the placement of the ultra-thin layer. 

CONCLUSION
Th e project was completed on 

17 June 2011 and has proved to be of 

great benefi t to the airport. In the pre-

vious four years approximately 4,9% of 

the 281 fl ights to Pietermaritzburg were 

diverted to Durban. Since the technical 

improvements to the airport, which 

included the upgrading of the runway, 

only sixteen fl ights had to be diverted to 

Durban, equating to 3,5% of the fl ights 

for the year up to the end of May. In 

June this year, 10 136 passengers fl ew via 

Pietermaritzburg Airport, up from last 

year’s June fi gure of 4 799. 

According to Alan Kukard, General 

Manager of the Pietermaritzburg Airport, 

the rehabilitated surface has resulted in a 

vast improvement to the runway. Th e new 

surface has fewer bumps and therefore a 

much smoother riding surface, resulting 

in less stress to the aircraft. Th e refl ective 

beads, which had been incorporated into 

the painted markings, have markedly im-

proved visibility, even in misty conditions. 

Future developments at the airport 

will bring it in line with the city’s status as 

capital of KwaZulu-Natal.

 INFO
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High-defi nition 3D mobile mapping 
for transportation engineering

ENGINEERS NEED ACCURATE base data for planning, design, 

construction and management of all facets of the transportation 

environment. In the modern era, where quick turn-around time, 

and Health and Saftey are real factors to deal with, the tradi-

tional methods of ground survey had to be revised. 

The latest technology uses a combination of LIDAR scan-

ners, cameras, GPS and other equipment for fast, accurate 

data capturing. One of these methodologies is high-accuracy 

three-dimensional mobile mapping.

HIGH-ACCURACY 3D MOBILE MAPPING
A three-dimensional mobile scanning unit comprises laser sen-

sors, navigation sensors (IMU), GPS and high resolution cameras. 

Th is mobile mapping range of equipment enables a rapid ac-

cumulation of data at speeds of up to 70 km per hour. Accuracies 

are in the same order and better (1 cm) than conventional ground 

survey methods. Th e equipment can be mounted on any moving 

vehicle, including trolleys (railway lines) and boats. Data can be 

extracted automatically or manually, and the software has unique 

object recognition abilities to identify objects such as road signs, 

markers, curbs, overhead obstacles, etc. Note that there are many 

diff erent models available from Google maps type of applications 

(5 m accuracy and no heights) to 1 cm accuracy suitable for road 

resurfacing, design and volumes. Th e proposed methodology is for 

the latter, which means one set of accurate data.

DIFFERENCE BETWEEN 3D MOBILE MAPPING 
AND GROUND SURVEY
With conventional survey methods, cross sections are 

surveyed at 10 to 20 m intervals, and in-between all visible 

1
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services are surveyed. A plan is produced (typically 2D with 

contours) from where the engineer can do the design. With 

high-accuracy 3D mobile mapping all detail is captured at a 

density of up to 4 000 points per m2, as well as photographs of 

the entire route. The result of this is one data set for all pur-

poses which include:

 ■ Plans in any required CAD format

 ■ GIS data in any GIS format

 ■ Photographs that have been taken at one-second inter-

vals and which show all visible services and assets

Th e engineer, municipal manager, asset manager and planner can 

now extract whatever data they require.

ADVANTAGES OF 3D MOBILE MAPPING
Th e great advantages of mobile mapping are:

 ■ Survey grade accuracy under very chal-

lenging conditions (1 cm accuracy) 

 ■ Extremely fast – mapping to 1 cm 

accuracy at speeds of 70 km per hour

 ■ Safe – surveyors are not exposed to danger areas such as busy 

roads, dangerous plant, dumps or any other hazardous site.

 ■ Effi  cient data collection – the client now receives all 

the data of a project and can choose which to use.

 ■ Data can be made available in

 Standard 2D or 3D CAD drawings with con-

tours, break lines and details (AutoCad, 

Microstation, Model Maker, Civil Designer)

 Fully Georeferenced Point Clouds with Free Point 

Cloud viewer and basic data extraction tools

 Indexed, high-resolution digital photography

 Cross sections and long sections as needed

 ■ No return to collect ‘missed points’

TYPICAL 3D MOBILE MAPPING SOLUTIONS
Road rehabilitation and pavement design: The following paragraph 

is an excerpt from a paper delivered at an International LIDAR 

1  Detailed picture

2  Detailed mapping from scan

2
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Forum (2-9 January 2011) by Jason Amadori, Chief Executive 

Officer, Earth Eye LLC, United States:

“Pavement resurfacing projects typically rely upon tra-

ditional survey methods to identify cross-sections which 

are used for pavement design. What happens to the road be-

tween cross-sections is anyone’s guess and these unknowns 

can cause cost over-runs, project delays and construction 

deficiencies. Mobile LIDAR can be used to mitigate these 

risks, increase collection efficiencies and provide a high-

fidelity surface model that can support engineering-grade 

pavement design.”

Due to the high density of points, all visible detail is sur-

veyed, which includes curbs, road irregularities (potholes, 

large cracks, rutting, undulations), road signs, clearances, 

buildings, etc.

Route selection/upgrading of dirt roads: Prior to design the entire 

route is driven and a centre line and long section produced. 

All buildings in villages along the route are recorded and the 

engineer is supplied with enough data to go out to tender. 

With infill surveys this data can be used for final design.

Pre-tender: Scan for information only and take the risk out of 

design and build.

Models directly to construction equipment: Modern construc-

tion equipment is equipped with high-accuracy GPS 

and other sensors. The existing design data is uploaded 

making accurate earth-moving and grading possible.

Inner-city rehabilitation and pavement design: All vis-

ible detail including traffic signs, road markings, 

door entrances, overhangs and clearances.

As-built highway mapping: Fast and effi  cient data collection without 

the dangerous and cumbersome traffi  c control measures.

Digital Terrain Model (DTM): A high-accuracy DTM 

is acquired for detail design and accurate volume 

(cut, fill, ballast) calculations are possible.

Dispute resolution and re-visiting of site: Due to the fact that all 

data was collected prior to and after a project, disputes about 

matters such as volumes, thickness of layers are minimised.

Bridges and tunnels: Bridges and tunnels are 

mapped indicating all features.

Design and build: Take the risk out of design and build. 

If scanned prior to the tender process, all data can be 

made available to the tenderers for accurate costing.

CONCLUSION
Three-dimensional mobile mapping is a fast, cost effective and 

accurate methodology to capture transportation information.

 INFO

Altus Strydom

CEO: Global Geomatics (Pty) Ltd

altus@geoinfo.co.za

Pavement resurfacing projects typically rely 

upon traditional survey methods to identify 

cross-sections which are used for pavement 

design. What happens to the road between 

cross-sections is anyone’s guess and these 

unknowns can cause cost over-runs, project 

delays and construction deficiencies. Mobile 

LIDAR can be used to mitigate these risks, 

increase collection efficiencies and provide a 

high-fidelity surface model that can support 

engineering-grade pavement design
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IN BRIEF

GOVERNMENT SHOULD 
IMPLEMENT ITS ROAD 
TRANSPORT QUALITY 
SYSTEM NOW SAYS SARF
THE SOUTH AFRICAN ROAD FEDERATION 

(SARF) has appealed to the Minister of 

Transport to implement its road freight quality 

system (RFQS) as a means of addressing the 

unacceptably high accident rate in the road 

freight haulage industry.

SARF President, Mutshutshu Nxumalo, says 

the time for theorising has long past.

“Overturned trucks are virtually a daily 

occurrence, resulting in considerable incon-

venience to other road users, not to mention 

injury, loss of life and huge expense. Speeding, 

overloading and poorly-secured loads, are 

contributing factors, as are unroadworthy vehi-

cles and driver fatigue.

“Truckers are often forced to drive for up to 

16 hours at a stretch and to take drugs to keep 

awake. In fact, 83% of road fatalities are caused 

by the human error,” observes Nxumalo.

A report published by The Road Traffi  c 

Management Corporation showed that in 2009 

there were 117 403 LDVs and 54 296 heavy 

vehicles that were not roadworthy or were 

unlicenced, or both. During that year the heavy 

vehicle population stood at 321 604, which 

meant that 17% of them should have been 

taken off  the road.  

Nxumalo says the fi rst road freight quality 

system (RFQS) was fi rst proposed in 1986 

when a white paper on transport policy stated 

government’s intention of implementing such 

a system as a precondition for the elimination 

of the road freight permit system. Despite 

the subsequent growth of SA’s road freight 

industry, the RQFS was never implemented, 

mainly due to opposition and political lob-

bying by the road freight industry.

Ten years later a second government white 

paper held that “traffi  c control (law enforce-

ment) is a priority of traffi  c management, due 

to a severe breakdown of discipline on roads, 

which in turn leads to unsafe conditions.” It 

also stated that “a simplifi ed Road Transport 

Quality System will be fully enunciated and 

implemented as a matter of urgency”. 

“Government has not come anywhere 

near to implementing the system, giving free 

reign to unscrupulous operators and badly-

trained drivers who continue to wreak havoc 

on our roads,” says Nxumalo.

As far back as 2006, John Schnell, one of 

South Africa’s most competent traffi  c offi  cials, 

said that the failure to implement RTQS and 

the lack of proper enforceable driving hours, 

as set out in the Road Traffi  c Act, were major 

contributors to unsafe conditions on our roads 

and are directly responsible for late night and 

early morning accidents. Since then the situa-

tion has worsened considerably. 

During the same year SARF recommended 

that the Road Traffi  c Management Corporation 

(RTMC) be given law-enforcement powers. In 

its current guise it is a relatively toothless in-

strument compared to what the original docu-

ment proposed some fi fteen years ago.

“Road freight haulage is a significant 

facet of South Africa’s economy, and the 

efficient movement of freight can consider-

ably reduce total production costs. Why 

then is there inadequate enforcement of the 

required safety measures?

“Government needs to intervene force-

fully, initiating a national RTQS-based safety 

campaign. It should also provide funds for 

the recruitment and training of additional 

traffic personnel and for the proper main-

tenance of the country’s highway grid,” 

concludes Nxumalo.

 INFO

Mutshutshu Nxumalo

SARF President

033 394 2352

Malcolm Mitchell 

SARF Executive Director

031 765 1046

COROBRIK RAISES THE 
BAR ON AFFORDABLE 
HOUSING
COROBRIK’S COROJEM FACE bricks, a response 

to government’s challenge for quality, inex-

pensive and maintenance-free clay bricks, are 

fast becoming a product of choice for the gov-

ernment subsidy aff ordable housing industry.

“We have to date secured orders for over 

40 million CoroJem face bricks to build 11 000 

plus aff ordable homes in the Free State and 

Northern Cape, and further negotiations are 

under way. Against these orders we have 

completed supplies of over fi ve million to the 

Free State projects, and next month we are 

scheduled to commence delivery to projects 

at Hartebeesfontein, 30 km from Klerksdorp 

in the Northern Cape. It is pleasing to see this 

housing segment embracing the sustainable 

value the CoroJem clay face brick brings to 

home owners and communities,” says Dirk 

Meyer, Corobrik’s Managing Director.

According to Meyer the Department of 

Human Settlement was right on board and 

enthusiastically approved their CoroJems as a 

preferred option for aff ordable houses. “Having 

already noted the performance of our CoroJem 

Corngold bricks for 448 units at Tigane 

Township in Klerksdorp and a further 1 500 

units at Ganspan in the Northern Cape, they 

had good reason to approve our products. 

The competitive price, coupled with the top 

quality of the CoroJem clay face brick, makes it 

a winner in the aff ordable housing segment." 

Meyer says that investigations undertaken 

by WSP Green by Design show that a brick 

building is the most viable way forward for 

 1   Mutshutshu Nxumalo, President of the South 

African Road Federation  1   Corobrik’s CoroJem provides real face brick homes 

that create a sense of pride and ownership

1

1



house construction in South Africa. While 

double-skin clay brick construction is clearly 

the ‘optimal’ way forward, the CoroJem fi ts 

the bill in this competitive segment, and is an 

excellent performer with all the functionality 

of a face brick.  

He concludes, “The CoroJem is proving 

to be a best-fit solution for this segment, 

meeting quality, affordability and sustain-

ability criteria, as well as people’s aspirations 

to live in ‘proper’ houses.”

 INFO

Peter Kidger

Corobrik

031 560 3111

BIGEN AFRICA’S 
STRATEGY INTO THE 
CONTINENT INCLUDES 
EXCELLENCE IN ROAD 
INFRASTRUCTURE
CONSULTING ENGINEERING firm Bigen Africa 

has appointed Pieter van Niekerk as head of 

its roads and transport business unit. “I am 

pleased to announce this appointment, as it 

is in line with our strategy of expanding our 

services into Africa with a specific focus on 

creating centres of excellence in the areas 

of mining, energy and roads,” says Dr Snowy 

Khoza, CEO.

Pieter is a professional civil engineer with 

more than 26 years of experience in various 

engineering disciplines. He joins Bigen 

Africa from SSI Engineers and Environmental 

Consultants, where he was Chief Operating 

Officer responsible for all production 

units and the coordination of the firm’s six 

technical sectors – transport, water, environ-

mental engineering, energy and resources, 

buildings and structures, and project and 

construction management. Prior to his ap-

pointment as COO, Pieter was the Transport 

Sector Group Manager in SSI for four years. 

He has worked in several countries in 

Africa, the United Kingdom and the Middle 

East, specialising in highways, pavements 

and the use of local and naturally available 

materials for projects. He obtained a Masters 

in pavement engineering (cum laude) and his 

experience includes several pavement design 

and rehabilitation projects in Libya, Somalia, 

Uganda, Malawi, Namibia, Mozambique, Dubai, 

South Africa, Botswana and Pakistan.

Pavement projects included the determi-

nation of structural capacities and strength-

ening evaluation of airport and road pave-

ments using conventional testing methods, 

non-destructive testing (FWD and DCP), 

mechanistic and general rehabilitation design 

and analysis techniques. Airport projects 

included assessment of pavement strength 

for the Cape Town, Durban, Port Elizabeth, 

Bloemfontein, Waterkloof, Springs, Langebaan, 

Windhoek and Walvis Bay airports and the 

non-destructive evaluation of the nine major 

airports in Mozambique. 

“Pieter is suitably experienced and skilled 

to lead our expansion into the roads sector, 

both in South Africa and other African coun-

tries. This will enable us to continue pursuing 

our smarter business approach of integrating 

‘best-of-breed’ road engineering expertise 

with strategic and master planning, feasibility 

studies, project fi nance and cost recovery and 

the facilitation of institutional and stakeholder 

support,” says Khoza.

“Pieter’s international experience includes 

working in several African countries, including 

Mozambique. In Mozambique, for a period of 

seven years, he was involved in the procure-

ment and review of consultancy services, such 

as feasibility studies, detailed engineering de-

signs and construction monitoring. In procure-

ment, his work included preparing packages, 

terms of references and contracts for major 

donors and government tenders, including li-

aison with funding agencies such as USAID, the 

International Development Agency, the African 

Development Bank, the Islamic Development 

Bank, the French Development Agency, the 

Swedish International Development Agency 

and the European Union.”

Pieter is registered with the Engineering 

Council of South Africa, and is a member of the 

South African Institution of Civil Engineering. 

He is also a board member of the Annual 

Transportation Conference South Africa, 

Civilab soil-testing laboratories and Consulting 

Engineers South Africa.

Pieter says: “Bigen Africa has a proven track 

record for successfully delivering large projects 

on time, within specifi cation and within 

budget. I look forward to assisting the com-

pany in increasing its involvement in large and 

complex roads and transport infrastructure 

projects in Africa. These projects are critical 

for sustainable development because of their 

multiplier eff ect on the economy. I share the 

company’s obsession with the impact these 

projects have in addressing the needs of the 

community by creating job opportunities and  

an environment in which people can live, work 

and play in safety and comfort.”

 INFO

Dr Snowy Khoza

CEO: Bigen Africa

012 842 8712

snowy.khoza@bigenafrica.com

 1    Pieter van Niekerk, newly appointed head of Bigen 

Africa’s roads and transport business unit 

1
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S A I C E  A N D  P R O F E S S I O N A L  N E W S

Inge Steinmann

Secretary and Communication

SAICE Pretoria Branch

inge.steinmann@up.ac.za

News from SAICE’s busy Pretoria Branch
SAICE’S PRETORIA BRANCH has 

achieved great success these past years, 

initiating various events for the civil 

engineering community and its affi  li-

ates. Certain of these events, such as the 

Action Cricket Tournament and the an-

nual Luncheon, have earned a permanent 

fi xture on every member’s calendar. With 

the support of a young and dynamic 

group of people, the committee strives to 

organise events whereby all of its mem-

bers can benefi t. 

One of the most successful events of 

the Pretoria Branch is the SAICE Action 

Cricket Tournament. Th is tournament takes 

place annually at the Tyger Valley Action 

Sports Arena in Silver Lakes, Pretoria. For 

the past few years the tournament has been 

a fi rm favourite among members from 

industry, allowing both social and semi-

professional teams to participate. Th is event 

is also a major sponsoring opportunity for 

civil engineering companies. 

For the last three years the tournament 

winner has been V&V Consulting, and it 

will be interesting to see whether they can 

continue with their winning streak on 23 

September 2011. In the past this event has 

always been a huge success, with great at-

tendance from the consulting engineering 

fi rms in Pretoria. Th is year the tournament 

aims to include fi rms from the construc-

tion sector as well. As always, all our mem-

bers are invited to join in the festivities 

during and after the tournament.

Th e highlight of the Pretoria Branch’s 

social calendar is the Luncheon, which 

coincides with the SAICE presidential visit. 

Th e luncheon normally takes place at pres-

tigious restaurants around Pretoria and 

this year the event will be hosted at Heat 

in Woodlands Boulevard on the 11th of 

November. Th e Luncheon provides the op-

portunity for members to meet the SAICE 

president and allows interaction with like-

minded professionals from industry.   

The Pretoria Branch also had 

tremendous success hosting the 

1  The winning team, V & V Consulting, at the 

SAICE Pretoria Branch Action Cricket Tournament

2  Learners participating in the regional Water 

Competition; the number of participating 

schools has doubled in just one year

3  Participation in the ever-popular 

bridge  building competition

4  and 5  Fun times at the annual luncheon

2

1
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Regional Bridge Building and Water 

Competitions. Both events cater for 

high school learners and provide a prac-

tical approach in introducing the civil 

engineering profession to scholars. 

Th rough the Bridge Building 

Competition the learners are exposed to 

basic engineering principles by building 

the bridges and seeing how their bridges 

fail. Th e Bridge Building Competition has 

gone from strength to strength with more 

schools from Pretoria participating every 

year. Th e winners from this regional com-

petition attend the SAICE National Bridge 

Building Competition.

Th e Water Competition, which is 

a more recent initiative of the Branch, 

was hosted for the second time this year, 

and already the number of participating 

schools has doubled from last year. Th is 

event has the potential to develop into 

one of the annual favourites as it becomes 

more established.

Th e Pretoria Branch also houses the 

University of Pretoria Student Chapter. 

Th e Student Chapter is responsible for 

hosting the Training Bridge Building 

Competition, which is aimed at involving 

previously disadvantaged schools and 

introducing them to the civil engineering 

discipline. Th e winners of the Training 

Bridge Building Competition are off ered 

the opportunity to participate at the 

Regional Bridge Building Competition. 

Th ese schools compete feverishly for this 

opportunity, which they consider a ‘grand 

honour’. 

Th e Student Chapter participates in 

various other Branch-related activities, 

too, thereby ensuring eff ective collabora-

tion between the Student Chapter and 

the Pretoria Branch Committee. Th is 

cooperation helps the Branch to know 

how to cater for its student members. 

Registration talks are, for example, pre-

sented to students at the University of 

Pretoria and the Tshwane University of 

Technology to create awareness of reg-

istration procedures. Th ese registration 

talks are presented free of charge to all 

fi nal year civil engineering students to 

furnish them with the basic information 

that young practitioners need to complete 

their own registration process.

Th e Pretoria Branch aims to provide 

something for every member and looks 

forward to meeting with its members at 

upcoming events. 

3

4 5



Each day TCTA strives to FAST-TRACK water 
security for the nation and to TRANSFORM the 

livelihoods of South Africans

For more information visit www.tcta.co.za or call TCTA +27 12 683 1200

The Trans-Caledon Tunnel Authority (TCTA) prides itself on having sustained 
solid relationships with citizens and communities where we implement projects.  
Since 1986, we have played a pivotal role in bringing water to the economic 
nerve-centre of our country.  The special role of TCTA can be seen in the 

to South Africa, giving birth to new enterprises and meeting the critical needs 

build bulk raw water infrastructure, at the same time increasingly supporting 
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Th e fi nals of AQUALIBRIUM, the 

exciting SAICE-TCTA Schools Water 

Competition 2011, were held at the Sci-

Bono Discovery Centre in Newtown, 

Johannesburg, on Friday 29 July 2011. 

Th e competition never fails to excite the 

teams, spectators and everybody involved! 

Winners of the regional competi-

tions came to Johannesburg from 

as far as Cape Town, Buffalo City 

(East London), Pietermaritzburg, 

Richards Bay, Nelson Mandela Bay 

(Port Elizabeth), and Middelburg in 

Mpumulanga to battle the local winners 

for top honours. Learners were f lown 

to Johannesburg and accommodated in 

a good hotel - an experience that these 

young people and some of the educa-

tors will never forget! For most this was 

their first experience of the ‘big city’. 

Without the generous sponsorship of 

TCTA, this event would of course not 

have been possible.

The 2011 champions, with 148 

penalty points conceded, were from 

the Stirling High School in East 

London, the second year running 

that the winners hail from there. The 

team members were Danielle Botha, 

Richard Goosen and Michael Harvey. 

In the second place was the Domino 

Servite Secondary School from 

Pietermaritzburg with 180 penalty 

points, with team members Jonas 

Graf, Jan Joosten and Stephan Stegen. 

In the third spot was Tembisa West 

Secondary School from Midrand with 

AQUALIBRIUM
the SAICE-TCTA Schools Water Competition 2011

1  Prof Kobus van Zyl explains to learners how 

the competition works. The grid used for the 

water distribution network is on this colourful 

background that depicts the entire water cycle

1
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190 penalty points achieved by Nimrod 

Dlamini, Nyilko Nxumalo and Nompilo 

Dywili. The three winning teams 

shared the prize-money of R17 100.

BACKGROUND
Both the South African Institution of 

Civil Engineering and Rand Water cele-

brated a hundred years of existence in 

2003 and, as part of their centenary cele-

brations, they launched this joint com-

petition for high school learners devised 

by Professor Kobus van Zyl and students 

from the University of Johannesburg. 

Since then the competition has been 

streamlined and has gained momentum 

in application.

HOW THE COMPETITION WORKS
Water distribution systems are important 

to supply safe and clean drinking water 

to people. Th e teams are tasked to design 

a model water distribution network to 

distribute three litres of water equally 

between three points on the grid, using 

two diff erent diameter pipes and connec-

tion pieces. Th ey are then judged on how 

well they execute the task – working on 

2

3 4

5
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6 7

8

2  Designing is a serious job

3  and 4  and 5  and 6  Assembling 

the network, and getting wet

7  To measure is to know

8  Keeping a watchful eye on the outcome

a penalty points system. Th e teams have 

a period of about an hour in which to de-

sign, build and operate their network. 

This competition exposes learners 

to the practical application of processes 

that influence their daily lives, in this 

instance how water gets to their homes. 

They are made aware of the intricacies 

involved in the design of water distri-

bution networks and the actual water 

delivery to households.

As part of the competition the water 

cycle is explained to the learners. Issues 

such as why we have to pay for water, 

the building of dams, and the distribu-

tion of water through water boards to 

municipalities and then to users, as 

well as the conservation of our water 

resources are discussed.

Th e grid used for the water distribu-

tion network is on a background that 

depicts the entire water cycle. It intrigues 

learners, as well as educators, who fi nd it a 

very helpful educational tool.  

Th e competition creates awareness 

regarding the issues surrounding water 

in South Africa and spreads the message 

that water is a precious commodity, which 
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9  Winners: Stirling High School, East London
From left: Manglin Pillay (CEO of SAICE), 

Danielle Botha (Stirling High School), 

Mbangiseni Nepfumbada (acting Deputy 

Director General of the Department of 

Water Affairs), Ilse Kemp (Stirling High 

School) and Khudu Mbeba (Senior Manager: 

Transformation and Sustainability at TCTA) 

Kneeling: Richard Goosen and Michael 

Harvey from Stirling High School 

10  Second: Domino Servite 
Secondary School, Pietermaritzburg

From left: Manglin Pillay (CEO of SAICE), 

De Vos van Straaten (Domino Servite 

Secondary School), Mbangiseni Nepfumbada 

(acting Deputy Director General of the 

Department of Water Affairs) and Khudu 

Mbeba (Senior Manager: Transformation 

and Sustainability at TCTA) 

Kneeling: Stephan Stegen, Jonas Graf and Jan 

Joosten from Domino Servite Secondary School

11  Third: Tembisa West 
Secondary School, Johannesburg 

Manglin Pillay (CEO of SAICE), LR Maluleke 

(Tembisa West Secondary School), team members 

Nimrod Dlamini, Nompilo Dywili and Nyilko 

Nxumalol, Mbangiseni Nepfumbada (acting 

Deputy Director General of the Department of 

Water Aff airs) and Khudu Mbeba (Senior Manager: 

Transformation and Sustainability at TCTA)

9

10

11

should be reduced, recycled, re-used, 

respected and conserved. Th rough this 

competition SAICE and TCTA, the cur-

rent major sponsor, help to spread the 

word that water should be used wisely, 

that infrastructure should be maintained 

and that new infrastructure should be 

created to provide potable water to those 

without water. 

Th is competition also supports 

government’s initiatives aimed at encour-

aging learners to take Mathematics and 

Science at school and to follow a career as 

a science or civil engineering professional. 

Only in this way can we assure that the 

quality of life of all South Africans will be 

better in future. In fact, as a direct result 

of this competition there are presently 

four students studying civil engineering. 

Th ese young people from disadvantaged 

backgrounds are determined to go MAD, 

i.e. to Make A Diff erence in their com-

munities! 

 INFO

Marie Ashpole

011 805 5947

082 870 9229

marie@saice.org.za
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CONSULTING ENGINEERS SOUTH 

AFRICA held its prestigious annual awards 

dinner at the Vodadome in Midrand on 

17 August this year to celebrate innova-

tion, quality, outstanding workmanship 

and professionalism in the engineering 

industry. Civil engineering was well repre-

sented among the top winners.

Young Engineer of the Year   
Civil engineer Mpho Ramphao from 

Aurecon’s Cape Town offi  ce is a worthy 

winner in this category. Mpho, who ob-

tained his BSc degree from the University of 

Cape Town, as well as an MSc specialising 

in water and wastewater treatment, regis-

tered with the Engineering Council of South 

Africa (ECSA) as a professional engineer 

in 2008. He is currently responsible for the 

design and implementation of the second 

major membrane bioreactor wastewater 

treatment plant in South Africa, which is 

under construction at Malmesbury in the 

Western Cape, and which has a project 

value of around R120 million. Mpho has 

thoroughly proved himself as a competent 

manager and eff ective leader. He is also 

committed to help build South Africa, and 

to this end took two weeks’ leave to return 

to his high school in rural Limpopo to 

tutor matric mathematics and science. A 

deserving winner, indeed! 

Mentor of the Year
Winning mentor, Ric Snowden from Arup, 

who is enthusiastically dedicated and 

committed to the mentoring process, and 

who feels for his mentees, is also a civil 

engineer and has been with Arup for 37 

years. As a professional engineer, he has 

inspired many of his mentees to be the 

best they can be, guiding them to discover 

and defi ne their own development needs, 

and sharing his expertise and experience 

to help them develop their abilities. He is 

known as the mentor of choice at Arup 

and is currently the mentor with the most 

mentees under his wing. Ric’s vision is to 

train candidate engineers not only for the 

long-term sustainability of the company 

and the engineering industry, but also and 

especially for South Africa. He is in fact 

very positive about what the next genera-

tion of engineers has to off er the country. 

Projects with a value 
greater than R250 million
Th e Braamhoek Consultants Joint 

Venture (comprising GIBB, Knight Piésold 

and SSI Engineers and Environmental 

Consultants) was the winning company 

for the Bedford Dam – Ingula Pump 

Storage Scheme (Client: ESKOM). 

2011 CESA AON Engineering Excellence Awards

1

2

Civil Engineers fare well at the 



Projects with a value between 
R50 million and R250 million
SSI Engineers and Environmental 

Consultants won in this category with 

the Mossel Bay 15 Mℓ/day Sea Water 

Desalination Plant 

(Client: Mossel Bay Municipality).

Projects with a value 
less than R50 million
Th e winner here was SSI Engineers 

and Environmental Consultants for 

the Blackburn Pedestrian Bridge near 

Umhlanga in KwaZulu-Natal 

(Client: SANRAL).

Best International Project
BKS (Pty) Ltd won in this category 

for the Omdurman Water Supply and 

Optimisation Scheme in Sudan 

(Client: Biwater).

SAICE’s heartiest congratulations go to all 

the CESA award winners. Well done! 
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Cementitious Patching

Perfected to patch concrete columns, beams, 
decks, walls and fl oors!

Chemical Anchoring

There is a range that suits your needs:

.

Cementitious Grouting

Grouts are available in various formats:

A.Shakepoxerite provides the Civil, Mining & Construction industries with a wide range of innovative and affordable quality 
construction chemical solutions that have been proven in the fi eld under harsh Africa conditions:

Shown here is a two part resin that fi rmly anchors re-bar and 
others into concrete. It is quick, safe and easy to use!

Cementitious grouts have a wide application ranging from 
aesthetic fi nishes to lending corrosion resistance on projects!

From this  >

to this!

From this  >

to this!

From this >

                    
             < to this!

From this >

                    
             < to this!

From this  -  to this!From this  -  to this!

Tel: + 27 11 822 2320

Fax: + 27 11 822 2354

Website: ashakepoxerite.co.za

email: cindy@ashak.co.za

 george@epoxerite.co.za

Aesthetic, practical, lasting! Cementitious Patching can be 
done on small or expansive areas on concrete projects!

< From
 this  -

  to
 this >

< From
 this  -

  to
 this >

A.Shakepoxerite 2359 Sept Civ. Eng. 2011

3

1  Young Engineer of the Year, Mpho Ramphao, 

with CESA President Zulch Lötter (right) and 

ACSA representative Tebello Mokhema (left)

2  Mentor of the Year, Ric Snowden, 

with CESA President Zulch Lötter (right) 

and Anton Roux, CEO of AON (left)

3  Award winners at the 2011 CESA AON 

Engineering Excellence Awards function
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EXECUTIVE POSITION
CEO REQUIRED FOR THE LARGEST ROADS AND 
BRIDGE CONSTRUCTION COMPANY IN AFRICA

Background:
This is the largest Road and Bridge 
Construction Company in Africa It has 
secured the contract to develop road 
and bridge infrastructure in Southern 
Sudan. This project is seen as vital in 
the reconstruction of Southern Sudan 
since gaining its recent independence. 
Both the Sudan and Southern Sudan 
Governments are supporting this criti-
cal initiative.

Requirements:
Ideally the successful candidate will 
come from a Civil Engineering back-
ground with relevant qualifications 
and at least 10 years’ experience in a 
senior leadership role.

Situation:
The head office for operations is situ-
ated in Juba, Southern Sudan.

Remuneration and  
Conditions:
Salary, Bonuses and benefits are 
open to final negotiation, but will be 
highly competitive within this industry. 
All travel, accommodation, S&T visa 
requirements and costs will be covered 
and arranged by the company.

Application:
All interested applicants must send 
their CV’s to the following e-mail ad-
dress – tjk@iafrica.com

CEO Job Description
Job Title: Company – Roads & 
Bridges South Sudan (S.S.)

Base Location:
Juba – Republic of South Sudan 
Division/Department:
Top Management Team
Salary Grade/Band:
According to salary structure 
Reports to:
Chairman – Holding Company
Coordinate with: CFO, Planning 
Department or Any GM Delegates 
Last Revision Date: August 2011

JOB PROFILE
Provide leadership to position the 
company at the forefront of the industry. 
Develop a strategic plan to advance the 
company’s mission and objectives and 
to promote revenue, profitability and 
growth as an organization. Oversee 
company operations to insure produc-
tion efficiency, quality, service, and 
cost-effective management of resources.

PRIMARY RESPONSIBILITIES
1. Develop a strategic plan to imple-

ment the Holding Company’s mis-
sion and objectives and to promote 
revenue, profitability, and growth as 
an organization in compliance with 
established policies and objective of 
the Holding Company. 

2. Oversee Roads & Bridges South 
Sudan (S.S.) operations to insure 
production efficiency, quality, service, 
and cost-effective management of 
resources. 

3. Plan, develop, and implement strate-
gies for generating resources and/
or revenues for the S.S. in compli-
ance with established policies and 
objective of the Holding Company. 

4. Identify acquisition and merger 
opportunities and direct implemen-
tation activities in compliance with 
established policies and objective 
of the Holding Company. 

5. Plan, develop, and implement op-
erational procedures, policies, and 
standards for S.S. in compliance 
with established policies and objec-
tive of the Holding Company. 

6. Review activity reports and financial 
statements to determine progress 
and status in attaining objectives 
and revise objectives and plans in 
accordance with current conditions 
and accordingly report on monthly 
basis to Holding Company. 

7. Evaluate performance of executives 
of S.S. for compliance with estab-
lished policies and objectives of the 
Holding Company and contributions 
in attaining objectives. 

8. Promote S.S. through written articles 
and personal appearances at con-
ferences and on radio and TV. 

9. Represent S.S. at legislative ses-
sions, committee meetings, and at 
formal functions. 

10. Promote S.S. to local, regional, 
national, and international con-
stituencies. 

11. Build a fundraising network using 
personal contacts, direct mail, 
special events, and foundation 
support. 

12. Prepare and furnish S.S. compre-
hensive annual report to Holding 
Company. 

13. Direct S.S. planning and policy-
making committees in compliance 
with established policies and 
objective of the Holding Company. 

14. Oversee foreign operations to 
include evaluating operating and 
financial performance. 

15. Other duties as assigned by GM 
incorporation with above duties.

ADDITIONAL  
RESPONSIBILITIES 
1. None listed.

KNOWLEDGE AND  
SKILL REQUIREMENTS 
1. Experience in strategic planning and 

execution. Knowledge of contracting, 
negotiating, and change management. 
Skill in examining and re-engineering 
operations and procedures. Experi-
ence in formulating policy, and 
developing and implementing new 
strategies and procedures. Ability to 
develop financial plans and manages 
resources. Ability to analyze and 
interpret financial data. Knowledge of 
public relations principles and prac-
tices. Knowledge of communication 
and public relation techniques. Ability 
to develop and deliver presentations. 
Ability to identify and secure funding/
revenue sources. 

2. Work requires professional written and 
verbal communication in English and 
interpersonal skills. Ability to commu-
nicate and interact with officials at all 
levels of government and to work effec-
tively with a wide range of constituen-
cies in a diverse community. Ability 
to motivate teams and simultaneously 
manage several projects. 

3. This is normally acquired through a 
combination of the completion of a 
Masters Degree in Project Manage-
ment, Engineering, Business Administra-
tion, Finance or Accounting and ten 
(10) years of experience in a leadership 
role for a large division or company. 

4. Work requires willingness to work a 
flexible schedule and travel. 

WORKING CONDITIONS
Working conditions are normal for an 
office environment. Work may require fre-
quent weekend and evening work. Work 
may require frequent overnight travel. 

Date Event and CPD 

validation number
Presenters

Contact details

13-14 October 2011 Cape Town

17-18 November 2011 Gauteng

Business Finances for Built Environment Professionals

SAICEfi n08/00405/11
Wolf Weidemann

Dawn Hermanus

dawn@saice.org.za

10-11 October 2011 Cape Town
Handling Projects in a Consulting Engineer's Practice

SAICEproj08/00404/11
Wolf Weidemann

Dawn Hermanus

dawn@saice.org.za

21 November 2011 Johannesburg
Bridge Maintenance

SAICErail09/00495/12
Ed Elton

Dawn Hermanus

dawn@saice.org.za

22-23 November 2011 

Johannesburg

Basics of Track Engineering

SAICErail09/00496/12
Ed Elton

Dawn Hermanus

dawn@saice.org.za

26-27 September 2011 Midrand
GCC

SAICEcon10/00706/13
Theuns Elof

Cheryl-Lee Williams

cheryl-lee@saice.org.za 

26-27 September 2011 Durban

17-18 October 2011 Cape Town

24-25 October 2011 Gauteng

Preventing Corruption in the Infrastructure Sector
Tom Mckune/

Oliver Rowe

Dawn Hermanus

dawn@saice.org.za

26-27 September 2011 Bloemfontein

17-18 October 2011 Durban

Network Analysis & Introduction to Surge Analysis

SAICEwat10/00804/13

Prof Fanie van 

Vuuren

Cheryl-Lee Williams

cheryl-lee@saice.org.za

1-2 November 2011 Port Elizabeth

8-9 November 2011 Durban

15-16 November 2011 Johannesburg

22-23 November 2011 Cape Town

Basic Coastal & Harbour Engineering

SAICEwat09/00611/12
Keith Mackie

Cheryl-Lee Williams

cheryl-lee@saice.org.za

24-25 November 2011 

Johannesburg

Rail Transport

SAICErail11/00887/14
Ed Elton

Dawn Hermanus

dawn@saice.org.za

For more information on courses, venues and course outlines please visit http://www.civils.org.za/courses.html
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