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ABSTRACT

In 2006, 2011 and 2017 SAICE and the CSIR cooperated to produce “report cards” on the
condition of engineering infrastructure in South Africa. Apart from providing condition
gradings for several classes of infrastructure, the reports cards also draw the attention of
government, and of the public at large, to the importance of maintenance, and to factors
underlying the state of repair of infrastructure.

Of the 10 infrastructure sectors assessed in the report cards, four incorporate transport
aspects, viz roads, airports, ports and rail.

The paper:
e reviews the overall findings of the 2017 report card, and in particular the findings with
respect to transport fixed infrastructure;
e assesses and discusses the infrastructure condition trends: 2006-2011-2017;
e assesses and reviews the infrastructure drivers, and particularly the condition of fixed
transport infrastructure, identifying the key factors determining this condition; and
e draws conclusions.

BACKGROUND

A paper presented at SATC 2017 described the nature and purpose of report cards on the
condition of infrastructure. It also described the historical background of the previous two
report cards (SAICE 2006; SAICE 2011), the research methodology of all three report cards
(i.e. including the then forthcoming 2017 card), and the key cross-sector findings of the 2006
and 2011 report cards. (Wall and Rust, 2017.) It also briefly described some effects of
transport infrastructure condition — e.g. the effect of “road roughness” on vehicle operating
costs. Then it gave some detail on preliminary findings with respect to the transport sector
infrastructure of the 2017 report card.

The background, research methodology, and 2006 and 2011 findings are summarised as
follows:

In 2006 the South African Institution of Civil Engineering (SAICE), in partnership with the
Council for Scientific and Industrial Research (CSIR), released the first report on the
condition of a broad spectrum of engineering infrastructure in SA (SAICE 2006). The
purpose was to draw the attention of government, and the public at large, to factors
underlying the condition of infrastructure, and to the importance of maintenance. Its success
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was such that SAICE and the CSIR produced the next report card in 2011 (SAICE 2011),
with the third being released late in 2017.

SAICE and the CSIR concluded that since 1994 significant strides have been made to
correct infrastructural imbalances. Drinking water, sanitation, education, energy and health
infrastructure have received focused attention, and government is continuing to invest, at a
rapid pace, in infrastructure for disadvantaged communities. However, the combination of
limited resources, public sector restructuring, inefficiency, shortages of key skills and less
than optimum governance, has resulted in extreme pressure on the condition of the public
infrastructure asset base.

The IRCs grade public sector infrastructure (water, sanitation, solid waste, roads, airports,
ports, rail, electricity and hospitals and clinics) on the following scale:

A: World class

B: Fit for the future

C: Satisfactory for now

D: At risk of failure

E: Unfit for purpose

The methodology to compile the SAICE infrastructure report cards included:

e Compilation of basic research reports based on desk top work by the CSIR;

e Arranging for the drafting of additional reports for selected sectors where the CSIR
does not have sufficient expertise itself;

e Moderation of the sector reports by SAICE experts with additional inputs where
necessary and early results from an opinion survey;

e Determination of the final gradings by SAICE, and

e Writing and publication of the report card and its associated commentary by SAICE
experts.

In 2016, the overall grading, i.e. averaging across all infrastructure sectors, was assessed
to be a D+ grade.

The second report card released in April 2011 (SAICE 2011) concluded that there had been
improvement, again ‘on average’, and awarded the overall grade of C-. Nonetheless it
highlighted that this “marginal improvement in the average condition of South Africa’s
infrastructure over the previous five years” had been influenced by the major investment in
national assets in preparation for the 2010 FIFA Soccer World Cup. The downside of the
focus on these national assets was that it had diverted the attention of the authorities from
maintenance and upgrading of their core infrastructure — with predictable consequences.
The authors of the card concluded that ‘the quality and reliability of basic infrastructure
serving the majority of our citizens is poor and, in many places, getting worse.” (SAICE
2011, page 5)

The 2017 report card lowered the overall average back to D+ and noted that the ‘apparent
improvement’ between 2006 and 2011 ‘was not a cause for complacency’, and it is evident
that the poor attitude to maintenance continues and is reflected in the downturn on the
current overall grade.” (SAICE 2017, page 5.)

The current paper:
¢ reviews the gradings given in the 2017 report card;
¢ outlines the transport fixed infrastructure condition trends: 2006-2011-2017;
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¢ outlines and reviews the drivers of infrastructure, and particularly of the condition of
transport fixed infrastructure

e identifies the key factors influencing the condition; and

e draws conclusions.

KEY FINDINGS

Of the 10 infrastructure sectors assessed in the report cards four concern public sector
transport fixed infrastructure, viz:

e roads;

e airports;

e ports; and

e rail.

Trends

The trends, from 2006 through 2011 and now to 2017, can be summarised as follows:
e Roads:
o the gradings given to paved roads in metropolitan areas and to gravel roads
in all areas have not changed from C- and E respectively;
o National roads have improved, and are now graded B;
0 paved provincial roads have improved, and are now graded D; whereas
o0 “other paved municipal roads” deteriorated and are now rated D-.
e Airports (the nine major airports owned by Airports Company of South Africa): were
graded B in 2006, but in 2011 and 2017 improved to B+.
e Ports (the nine commercial ports owned by Transnet): were graded C+ in 2006, but
in 2011 and 2017 improved to B-.
e Rail (some re-categorisation in this sector has made comparisons difficult but,
broadly):
o the heavy-haul freight lines were graded B in 2006 and B+ in 2011 and 2017;
o the general freight lines were graded C in 2006, but rose to C+ in 2011 and
then declined to C;
o the branch lines grading moved from D- in 2006 to D in 2011and to D- in 2017,
and
o the passenger lines (principally the commuter rail lines, but also the intercity
passenger trains) grading moved from D+ in 2006 to C- in 2011 and to D+ in
2017.

Gautrain, newly graded in 2017, became the first sub-sector in the entire report card series
to receive an A grading.

In brief, within the transport sector:

e the facilities on which the economy primarily depends, viz national roads, airports,
ports and the heavy-haul freight lines — together with Gautrain — are graded highest,
viz A and B; whereas

e gravel roads remain at E; and

e all other subsectors remain within C and D gradings.

This is seen in the context that, the overall grading, across all sectors, has varied from D+
in 2006, to C-in 2011, and back to D+ in 2017. The higher grading in 2011 was ascribed to
the influence of the significant investment in, “national assets” in preparation for the 2010
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Soccer World Cup — stadiums, ports, rail, airports and national roads. (In 2011, compared
to 2006, six transport subsector gradings improved, while five remained the same.)

Data

Reliable, consistent data pertaining to infrastructure condition is a prerequisite for assessing
and confirming the urgently required shift from reactive "repair" to planned "maintenance".
Data which is systematically captured and analysed enables planning, prioritisation of
targets and adequate budgeting for maintenance. In 2017 some improvement in respect of
the public transport fixed infrastructure monitoring was evident. For example:

e Four of the nine provinces have released “visual condition index summaries of road
condition per percentage of network” for each of the years 2010 or 2011 through 2014
or 2015. (The other provinces have released summaries only intermittently.)

e The rail sector report produces “condition of infrastructure” tables which, in colour-
coding, summarise the condition of each of the 18 “sections” of Transnet Freight
Rail’'s core network — for example the Ermelo to Richards Bay section of the Coal
Network System.

The transport sector may be contrasted with other infrastructure sectors, which in 2017 were
not as fortunate when it came to availability of condition information. In the water and
sanitation sector, for example — availability of condition information in the public domain has
reduced in recent years.

FINDINGS: SECTOR BY SECTOR
Roads

The South African circa 750,000 km road network is managed at three levels: (a) Primary
intercity, with roads of national economic importance managed by the South African National
Roads Agency Limited (SANRAL) on behalf of the Department of Transport (DoT); (b) the
secondary and tertiary intercity network, primary access and mobility roads largely managed
by the nine provincial departments; and (c) the mostly urban roads managed by
municipalities.

The condition of this road network varies greatly with category, type of road, sphere of
government and geographical location. At one end of the spectrum, the condition of the
21,000 km managed by SANRAL is very good. Although the average condition of the
SANRAL network has deteriorated, with more of the roads categorised as “very poor”, “poor”
and “fair”. This is largely attributed to the extension of the mandate of SANRAL, taking over
portions of the strategic road network from provinces, trebling since 1994 the length of road

for which it is responsible.

SANRAL has managed to retain its high level of professional engineering expertise. On the
other hand, the nine provinces have for two decades recorded a loss of experienced road
professional expertise. While the larger metropoles have, to a great extent, retained their
levels of professional expertise, and consequently the condition of their road networks, very
few other municipalities have been as fortunate.

The most recent overview of visual condition and riding quality of national and provincial
roads is that published in the 2013 State of Logistics Survey (CSIR 2013). From Figure 1
below it is apparent that, based on the proportions of “very poor” and “poor” roads, the
condition of the SANRAL network and the secondary and tertiary intercity road networks of
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six provinces are satisfactory. The networks of Mpumalanga, KwaZulu Natal and Free State
are in the poorest condition. The impact on the efficiency, cost of freight transport and road
safety is therefore negative.

Western Cape 2013
2009

Northern Cape 2013
2009

North West 2013
2009

Mpumalanga 2013
2009

Limpopo 2013
2009

Kwa-Zulu Natal 2013
2009

Gauteng 2013
2009

Free State 2013
2009

Eastern Cape 2013
2009

SANRAL 2013
2009
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Figure 1. SANRAL and provincial roads condition data 2009 and 2013
(CSIR, 2013)

The 226,000 km gravel road network is in a very poor condition — between 40% and 90% is
in a “poor” and “very poor” condition. The percentage of gravel roads falling in the “good”
and “very good” condition ranges between 2% and 12%. It must be noted, however, that
some of the data is not verified — in particular that from a province which, after several years
of reporting in the order of 30% “fair” to “very good” for its gravel road network, fell to zero
in the space of one year.

The primary contributing factors leading to pavement deterioration in South Africa are
capacity constraints, lack of maintenance, high traffic volumes, overloading and poor storm-
water management.

Airports

The state-owned Airports Company of South Africa (ACSA) owns and operates (i) the three
major international airports, namely, Oliver Tambo International, Cape Town International
and King Shaka International and (ii) six other commercial airports (Kimberley, George,
Upington, East London, Port Elizabeth and Bloemfontein). The international airports
account for nearly 90% of the 30 million annual passenger movements.

Several secondary commercial airports are either owned and operated by the private sector
(e.g. Lanseria, Rand Airport, Kruger Mpumalanga) or by provincial governments (e.g.
Mthatha) or municipal governments (e.g Richards Bay, uMsunduzi).
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ACSA is responsible for the property as a whole at its airports and in particular, the runways,
terminals and some of the hangars and technical areas. ACSA is not responsible for the
navigational aids and air traffic control which are the responsibility of Air Traffic and
Navigation Services (ATNS).

ACSA’s success in operating and maintaining its airports is attributed to its strong financial
status and management. This is strongly influenced by the incentives of mandatory
requirements for safety and reliability, coupled with regular and stringent inspections by,
principally, the Civil Aviation Authority of South Africa (CAASA). The quality of airport
infrastructure is driven more by local and international regulations than is the infrastructure
of any other sector so driven. Instrument landing systems, runway approach lights and
runway ground lights are the highest priority and are maintained to ensure statutory safety
and reliability compliance with the International Civil Aviation Organisation (ICAQO)
requirements. Therefore airports are very careful to keep their infrastructure up to standard
and consequently the gradings over the past three score cards have been B and B+.

ACSA budgets for infrastructure management are close to optimum. In addition it has
secured adequate technical staff resources at all levels who are competent to manage and
safeguard the sustainability of its infrastructure.

Commercial ports

The commercial ports are the responsibility of the state-owned company Transnet through
its business units the National Ports Authority (TNPA), Transnet Port Terminals (TPT) and
SA Port Operations (SAPO). The TNPA is responsible for the ports and their infrastructure,
including berths, port buildings, tug and pilot services, navigable areas (therefore including
services such as dredging) and aids to navigation. TPT is responsible for shoreside
equipment such as straddle carriers, cranes and conveyor belts, and terminals (such as
grain elevators) and their equipment. SAPO is responsible for vessel traffic and nautical
services.

There are nine ports in the TNPA stable: seven major commercial ports: Saldanha Bay,
Cape Town (Table Bay), Port Elizabeth, Ngqura (Coega), East London, Durban, Richards
Bay, and two minor ports: Port Nolloth and Mossel Bay. Since Transnet's return to
profitability a dozen years ago, there has been significantly greater emphasis in TNPA and
SAPO (and indeed in all other Transnet business units) on infrastructure, both on capital
investment to grow the business, and on repair and replacement of existing infrastructure.

Even though much of the port infrastructure has been ageing, it is generally maintained in
an operationally serviceable condition. Regular condition monitoring of all infrastructure
informs the work of the maintenance staff. This information is used to identify faults which
need to be repaired, and to schedule planned maintenance interventions. The commercial
ports infrastructure (defined, for present purposes, to comprise breakwaters, quay walls,
terminal areas, lighting, and navigation systems) can be said to be in an acceptable
condition for port operations in all the ports. Both the fixed and movable infrastructure still
perform well in meeting the safety and operational standards. It would however appear from
the breakwater inspections carried out periodically by the CSIR that maintenance
interventions are again becoming necessary at most of the breakwaters.
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All the ports have facilities for drydocking of large ships. With this capacity, ship repair,
properly supported and husbanded, could be a major economic sector. However, on the
TNPA books, the dry docks run at as loss, and their maintenance has been neglected.

Apart from its duties with respect to shipping — e.g. inspecting ships for seaworthiness — the
South African Maritime Safety Authority (SAMSA) exercises certain regulatory functions
over infrastructure at the harbours. These infrastructure responsibilities relate to navigation
aids, e.g. beacons and telecommunications — these and others are governed by international
agreements. These SAMSA regulations (SAMSA 2016) are a main reason that the
navigation equipment at harbours is maintained at a high level.

Over the past two score cards, commercial ports have improved from a C+ grading to a B-.
Rail

Four entities, namely the state-owned companies Transnet and the Passenger Rail Agency
of South Africa (PRASA), Gautrain Rapid Rail Link (Gautrain — a public-private partnership,
owning only 0.3% of the total track) and the Railway Safety Regulator (RSR), are
responsible for the rail sector.

Transnet, operating through its Transnet Freight Rail (TFR) division, is responsible for the
management, maintenance and operations of the national freight rail network. TFR has the
responsibility for an estimated 21 000 km of route. It has a 20-year budget of R201 billion
to increase rail carrying capacity and cargo volumes by refurbishment of existing
infrastructure, namely rail, signalling, depots, locomotives and rolling stock, acquisition of
new locomotives and rolling stock, and upgrading of other rail infrastructure. This large
spend is an indication of a backlog in rail renewal and upgrading and is needed to align with
the anticipated 30-year demand forecasts for traffic to ports.

The condition of the export coal, iron ore and manganese heavy haul rail systems is
acceptable and the infrastructure appears to be functionally adequate, with the exception of
poor electrical, signalling, perway (permanent way) or telecoms conditions of specific
sections of route. Table 1 below is a summary, in this case for the export ore system, of the
kind of information available on the TFR database. (Green indicates “Good”, and yellow
indicates “Average”, whereas red indicates “Poor”.)

Table 1: Export ore system: condition of infrastructure
(Transnet Freight Rail 2015)

Section Forma-tion | Struc-tures | Per-way | Elec-trical | OHTE | Sig-nals

Tele

Sishen-Saldanha

Hotazel- Kimberley

Kimberley- De Aar

De Aar- Port Elizabeth

The rest of the TFR network appears to be in an adequate condition, except that the branch
lines (length 7300 km of which only 4000 km is operational) are very prone to thefft,
vandalism, and insufficient or no maintenance, resulting in a poor to very poor condition.
The grading for general freight lines has been graded as C, C+ and C over the three score
cards.

PRASA provides commuter rail services in metropolitan areas, long-distance (inter-city) rail

and bus services within, to and from the border of South Africa. PRASA rail operations are
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through Metrorail and Main Line Passenger Services (Shosholoza Meyl and Premier
Classe).

PRASA has embarked upon a R123 billion improvement programme 2015-2035.  This
includes the establishment of a local manufacturing facility for rolling stock acquisition. A
spares and maintenance agreement with the suppliers has been entered into for the next 18
years, indicating serious intent to ensure a high standard of maintenance. It will take some
time to eradicate the serious backlog and to observe significant improvements in service
delivery. An early high priority has been upgrading of train control and signalling, in some
cases replacing decades-long outdated and sometimes decrepit equipment.

Passenger lines have been graded D+, C- and D+ over the three score cards.

The 80km rapid rail network Gautrain started operation in 2010. With a growing ridership,
and demands for extension of the system, the owners have strong incentives to optimise
Gautrain’s operating and maintenance procedures. As a new facility, the Gautrain has only
been graded in the 2017 scorecard — it received an A grading.

KEY DRIVERS

The report cards have over the years increasingly recognised the importance of a number
of generic factors which, taken together, often lead directly to infrastructure being in the
condition that it is. In brief, the principal of these are:

e Skills: The lack of skills in many organisations responsible for infrastructure — and the
impact of this on planning, procurement, design, construction and care of
infrastructure.

e Funding: That few infrastructure-owning organisations allocate remotely sufficient
funding to maintenance of their existing asset base.

e Systems and procedures: Particularly for infrastructure asset management; revenue
enhancement; cost reduction; data collection and interpretation; sharing of
information and coordination of activities (e.g. between departments); life-cycle
costing; and delivery-directed (rather than blindly rule-bound) procurement.

o (The 2017 report card highlighted that while the appropriate data might be
collected, it is not often made effective use of. Especially (in the context of the
report card) data on infrastructure condition — better data allows early
identification of need for repair or remediation of some kind, or replacement.)

e Institutions: Institutional weakness, inhibitive of infrastructure asset management,
can take many forms, such as: lack of trust between colleagues; little spirit of
cooperation; rapid turnover of personnel; and lack of accountability.

The report cards have provided ample evidence of factors which generally determine if, or
the extent to which, the infrastructure in the care of a particular organisation — almost
irrespective of the infrastructure sector the organization is in — is likely to be adequately
maintained and operated.

As noted in the 2011 report card an influential driver is “bold leadership and effective
management ... irreplaceable ingredients for successful and sustainable infrastructure
provision” (SAICE 2011, page 5). It can be argued that this could be the most influential
driver of all. If the top leadership of an organisation is determined to improve infrastructure
condition, and management is effective, it should be able to overcome — or plan around —
all the constraints.
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CONCLUSIONS

The process by which the third South African national infrastructure report card was
compiled has been well tested. The two co-operating organisations, viz the CSIR and
SAICE, are well resourced, and have a depth of understanding of the infrastructure sector
and the circumstances in which infrastructure is well looked after, and delivers reliable
services — or is not well looked after, as the case may be, and what in particular can lead to
a deterioration of the condition of the infrastructure, and consequent falling reliability of the
services.

Five of the six ‘A’ or ‘B’ gradings, namely SANRAL, ACSA, TFR’s heavy-haul freight lines,
and Gautrain, are in the transport sector. While this is gratifying for the institutions
concerned, the fact that more non-transport infrastructure subsectors cannot move above
‘C’, which, after all, is no better than ‘Satisfactory for now’, should be of national concern.

Since the release of the 2017 report card, SAICE has been approached by a key national
government department with a view to SAICE, in some way still to be determined, assisting
government to improve the condition of infrastructure. SAICE has already raised, as a
priority, the scarcity of data on the condition of infrastructure, and has requested that the
department use its considerable influence with public sector infrastructure-owning entities
to improve infrastructure condition monitoring.

37th Annual Southern African Transport Conference (SATC 2018)

Proceedings ISBN Number: 978-1-920017-89-7 9-12 July 2018

Produced by: Jukwaa Media : www.jukwaa.net Pretoria, South Africa
9



REFERENCES
CSIR, 2013. 10th annual state of logistics survey for South Africa.
CSIR, 2017. The state of rail infrastructure in South Africa. (Draft report, unpublished.)

CSIR, 2017. The state of commercial port infrastructure in South Africa. (Draft report,
unpublished.)

CSIR, 2017. The state of road infrastructure in South Africa. (Draft report, unpublished.)

CSIR, 2017. The state of major airports infrastructure in South Africa. (Draft report,
unpublished.)

SAICE, 2006. The SAICE infrastructure report card for South Africa: 2006. The South
African Institution of Civil Engineering. (November 2006).

SAICE, 2011. The SAICE infrastructure report card for South Africa: 2011". The South
African Institution of Civil Engineering. (April 2011).

SAICE, 2017. The SAICE 2017 infrastructure report card for South Africa. The South African
Institution of Civil Engineering. (September 2017). http://saice.org.za/wp-
content/uploads/2017/09/SAICE-IRC-2017.pdf

SAMSA, 2016. Marine Notice No. 8 of 2016: Standards for Aids to Navigation in South
African Waters and Inland Waterways. South African Maritime Safety Authority. (February
2016).

Transnet Freight Rail, 2015. Rail Development Plan.

Wall, K, and Rust, C, 2017. An assessment of the condition of South Africa’s transport fixed
infrastructure. Southern African Transportation Conference. Pretoria, July 2017.

The three report cards are available on the SAICE website (www.civils.org.za) and (2011
report only) on CSIR research space
http://researchspace.csir.co.za/dspace/handle/10204/5807

37th Annual Southern African Transport Conference (SATC 2018)

Proceedings ISBN Number: 978-1-920017-89-7 9-12 July 2018

Produced by: Jukwaa Media : www.jukwaa.net Pretoria, South Africa
10



	Cover
	Review
	Review Process
	Reviewers
	List of Reviewed Papers

	Organising Committees
	Uber Report (Sponsor)
	SEARCH
	CONTENTS
	Plenary Presentations
	The Road Construction Sector’s Contribution to the Transport Future that we Desire
	Beyond Mobility: Toward Prosperous, Livable and Inclusive Urban Futures
	The Role of Air Transport in the Strategic Development Mix of South Africa

	1a: 4th International Conference on Transport: Infrastructure
	The Third Report Card: Transport Fixed Infrastructure Results and Conclusions
	An Economics-based Road Classification System for South Africa
	Proposed Method to Calculate Asset Values for Road Structures
	Investigation of Flood Effects on Road Performance: A Case of Arusha, Tanzania
	Bhutanese Road and Bridge Resilience to Floods and Landslides – First Suggestions for
	Consequences of Delayed Maintenance of Pavement Networks
	Porosity and Permeability Evaluation of Pervious Concrete using Three-Dimensional X-Ray
	Development of Warm in-Place Recycling Technique as an Eco-Friendly Asphalt

	1b: Treasury Session - Public Transport and Spatial Transformation
	No Papers Available

	1c: Rural
	Influencing Factors for Future Youth Entrepreneurs: A Conceptual Framework for the Transport Industry
	Empowerment of Women in the Transport Sector Value Chain: Lessons for Policy and Practice
	Locked-Up Gains and Missed Opportunities: A Rapid Review of the 2007 and 2018 Versions of the Rural Transport Strategy for South Africa
	The 4th Industrial Revolution, Improve your Skills or be Deemed Irrelevant
	Passenger Transport by Light Delivery Vehicle (LDV) in the Vhembe District Municipality of Limpopo Province, South Africa
	Exploring Industry’s Contribution to the Labour Intensive Construction of Low Order Rural Community Access Roads
	Scientific Approaches to Link the Targets Identified in NATMAP and NITSF to Measurable and Comparable Annual Targets Applicable to the Local Municipality Sphere of Government

	1d: Freight and Logistics
	Interventions to Improve Freight Vehicle Road Safety in Ethekwini Municipality
	Drive: A Distance-Based Road User Charge Voluntary Experiment
	Geotrack: An Efficient Simulation Tool for the Analysis of Heavy Vehicle Manoeuvrability
	The Truth about Piracy
	3D Printing Impacts on South African Third Party Logistic Service Providers

	2a: 4th International Conference on Transport Infrastructure
	Laboratory Evaluation of Road Construction Materials Enhanced with Nano-Modified Emulsions (NMES)
	Development of a New Laboratory Accelerated Machine-Multivariable Accelerated Abrasion Machine
	An Investigation of Aggregate Degradation in a High Stress Field
	The Effects of Angularity of Coarse Aggregates on Asphalt Mixture’s High-Temperature Performance and Compaction Performance
	Evaluation of Stiffness of Cement Stabilized Granular Lateritic Soils using Ultrasonic Pulse Velocity (UPV) Test
	Importance of the Zero Point in DCP Testing of Structural Capacity of Flexible Pavements
	Finite Element Analysis of Effects of Asphalt Pavement Distressers on FWD Dynamic Deflection Basin
	Effect of Moisture Content and Rock Content on the Resilient Modulus of Weathered Phyllite Fillers
	Research on Uneven Settlement of Subgrade with Micro-Piles
	The Application of Semi-Continuous Post-Tension Pre-Stressing Box Girder Bridges in Africa
	The Economic Importance of an Optimal Road Investment Policy in South Africa

	2b: Urban and Public Transport
	Can Personal Travel Planning Shift Mode Choice and Travel Behaviour? Lessons from an Employee Programme for WWF South Africa
	Improving the Provision of Transport for Youth with Disabilities in Cape Town
	The Relationship between Transit-Oriented Development, Accessibility and Public Transport Viability in South African Cities: A Literature Review and Problem Framing
	Decades of Learning from Trends in Land Use and Travel: Travel and Transport Demand Estimation in the City of Tshwane
	Integrating Land-Cover Data with Data on Population and Household Characteristics to Assess Densification along the BRT Route in the City of Tshwane
	Comparison of New Peak Hour Trip Generation Rates with Existing Rates in the South African Trip Data Manual
	The Spatial Trend Associations between Socio-Economic Factors and Households’ Travel Pattern in Gauteng
	Progressive or Regressive: Efficacy of Innovative Urban Public Transport Systems on Urban Mobility in the City of Tshwane
	The Effect of Smog Pollution on Transport Mode Choice: A Case Study of Xi’an, China
	Equity in Transport Planning: Are we Asking the Right Questions?
	Uberpreneurship: To Brand or Not Brand, that is the Question

	2c: Rail
	Rail Commuter Service Quality in South Africa: Results from a Longitudinal Study
	A Case Study on Platform-Train Interface Occurrences at a Metrorail Passenger Station
	A Review on the Current Condition of Rail Infrastructure in South Africa
	The Influence of Ballast Fouling on Track Settlement
	Development and Calibration of a Wireless, Inertial Measurement Unit (Kli-Pi) for Railway and Transportation Applications

	2d: Traffic Management, Safety and Security in Combination with the Road Safety Audits in SA
	GIS based Identification of Hazardous Locations in the Western Cape
	Evaluation of the Safety Benefits of the Exclusive and Concurrent Green Man Phasings for Pedestrians in Cape Town
	Horizontal Road Markings and Autonomous Driving – Back from the Future
	Analysing Road Fatalities Impacting Children Aged 0-17 in the Case of Gauteng: A Three-Year Analysis (2015-2017)
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop : Road Safety Tools
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop : Road Safety Audit Training in South Africa
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop: Formalisation of Road Safety Audit Processes in South Africa
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop : Review and Formalisation of South African Road Safety Audit Guidelines

	3a: Public Transport and Paratransit
	Exploring the Design and Management of Learner Transport Services
	Evaluation of National Road Network Funding in Namibia: The Curse of Efficient Road User Charges
	Activity Participation and Perceptions on Informal Public Transport and Bus Rapid Transit in Dar Es Salaam City
	Understanding the Operational Characteristics of Paratransit Services in Accra, Ghana: A Case Study
	Passenger Satisfaction with Minibus-Taxi Feeder Services at the Mitchells Plain Public Transport Interchange in Cape Town
	Tools to Assist in Determining Business Values of Individual Minibus-Taxi Operations in Rustenburg, North-West, South Africa
	Towards a Stated Choice Methodology to Determine Minibus-Taxi Driver Willingness to Provide Off-Peak Feeder Service
	Beyond BRT: Innovation in Minibus-Taxi Reform in South African Cities
	Success and Delay in IPTN Projects: Case Study Analysis of Three South African Cities

	3b: Traffic Engineering
	Traffic Impact of Pedestrianisation in Stellenbosch
	Traffic Impact of the its Time Event
	Factors That Influence the Geometric Detection Pattern of Vehicle-based Licence Plate Recognition Camera Systems
	Intelligent Transportation System as an Effective Remedy to Improve the Public Transportation in South Africa
	Perceptions of the Factors Causing Traffic Congestion and Plausible Measures to Alleviate the Challenge in Bloemfontein, South Africa

	3c: 5th China Africa Co-Operation Forum
	No Papers Available

	3d: Aviation
	Trends in International Aviation Research
	Airline Network-based Modeling Aspects and Methodologies for Multidisciplinary Optimization
	The Cost of Knowledge
	A New Concept for a Vertical Take Off and Landing Business Jet
	Aerospace Technology: Crystal Ball Gazing
	Applications for Remotely Piloted Aircraft Systems

	4a: Integrated Public Transport Networks: Mapping, Data and ICT
	Measuring Individuals’ Travel Behaviour by Use of a GPS-based Smartphone Application in Dar Es Salaam City
	Public Transportation and Land Use Impacts on Accessibility for Sustainable Public Transportation System in Bloemfontein
	Smart Spatial Data: Performing Public Transport-Related Tasks using the Ethekwini Transport Authority’s Smart Portal
	Mapping Minibus-Taxi Operations at a Metropolitan Scale – Methodologies for Unprecedented Data Collection using a Smartphone Application and Data Management Techniques
	Future Transportation — Human-Like Transportation
	Operation Optimization Considering Order Cancellation and Ticket Discount for on-Demand Bus System
	Identification of Trip Characteristics in Urban Rail Transit System using Wifi Information
	Solutions to Public Transport Challenges: The Solution of Urban Public Transportation - The Development and Application of BRT
	Towards a Desired Transport Future: Safe, Sufficient and Affordable
	Towards a Desired Transport Future: Safe, Sufficient and Affordable
	Future Urban Transport: Bicycle Viaducts
	Promoting Low-Carbon Transport in African Cities. A Discussion Paper on the State of Urban Transport and Potential for Cycling in Cities
	Impact of Minibus Taxi Scheduling on Route Efficiency

	4b: International Society for Weigh-In-Motion Workshop(IS-WIM)
	International Developments in WIM
	South American Applications of Strain Gauge Based WIM
	Adding Value to High Speed Weigh-In-Motion – Intelligent Enforcement the N3 Speed over Distance Integrated with Weigh-In-Motion
	WIM for Direct Enforcement in Brazil
	Weigh-In-Motion Enhancement Scenarios within the its Environment
	New International Standard on WIM
	Calibration and Quality Management of WIM Data
	Re-Engineering the Use of Road Networks Through on-Board Mass (OBM) Systems
	Commercial Vehicle Screening for Anomalous Tires: Weigh in Motion and Additional Screening Parameters / Tire Anomaly and Classification System (TACS) for Detection of Tire Problems
	Status of SIM Technology in South Africa and it’s Implementation in Accelerated Pavement Testing (APT)


