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ABSTRACT

Deteriorating road conditions can potentially have negative effects on road user costs. This
is mainly due to the increased vibrations experienced by vehicles travelling on poor roads
resulting in additional structural damages. The negative effects of deteriorating road
conditions extend far beyond their impact on businesses, with deteriorating road conditions
ultimately having a negative impact on the economy and competitiveness of a country.
This paper discusses a method developed for the analysis of the national impact of
inadequate riding quality on major freight corridors, and demonstrates the need to ensure
that these corridors are maintained in a good condition.

1 INTRODUCTION

Deteriorating road conditions can potentially have many negative effects on the logistics
operations and cost of businesses, with various studies showing that vehicles travelling on
poor roads experience increased vibrations (Steyn et al., 2012; Jarimopas et al., 2005;
Singh et al., 1991). This could result in additional structural damages to vehicles, leading
to increased vehicle maintenance and repair costs and consequently higher company
logistics costs.

The aim of this paper is to present a method for the analysis of the impact of inadequate
riding quality on major freight corridors, and to demonstrate the need to ensure that these
corridors are maintained in a good condition. The paper provides information on the latest
available (2009) condition of the national and provincial road network in South Africa, as
well as the major freight corridors in the country. It evaluates internationally accepted
relationships between the road condition (in terms of riding quality) and road user costs
such as the fuel consumption, tyre costs and vehicle damage due to uneven road
surfaces. Finally, it demonstrates the use of the method of analysis to show the benefit of
having a good quality road network available for the transportation of freight in the country
(Steyn and Bean, 2013).

South Africa is in a fortunate position to have a pervasive road infrastructure network;
however, maintaining the condition of this existing network generally appears problematic.
Seeing that most freight is transported by road in South Africa, keeping the road network in
a good condition is important to enable regional integration and enhance global
competitiveness. In order to emphasise the importance of keeping the road infrastructure
in a good condition, one should understand the effect that deteriorating road conditions
can have on the logistics operations and economy of a region. Knowing what it will cost
the economy when acceptable road conditions are not maintained in the country provides
an indication of the potential gain that can be achieved when roads are kept in a good



condition, supporting the understanding that the benefit of maintaining a road far
outweighs the cost of not doing so.

2 SOUTH AFRICA'S ROAD NETWORK CONDITION

South Africa has a road network of approximately 746 978 km, of which 153 719 km is
paved. The paved national roads covers around 16 170 km (under the jurisdiction of the
South African National Roads Agency Limited (SANRAL)). In 2010, it was estimated that
26 per cent of the provincial road network (under the jurisdiction of nine provincial road
departments) of 184 816 km is paved. Another 405992 km of roads is under the
jurisdiction of metros and municipalities and a further 140 000 km of gravel roads are not
formally managed or maintained by any authority (Kannemeyer, 2010).

The condition of the South African national and provincial road network condition is
defined in terms of the Visual Condition Index (VCI). The latest data on these conditions
are provided in Bean and Steyn (2013). The VCI is a parameter used in South Africa to
provide an overall measure of the condition of roads.

3 POTENTIAL EFFECTS OF DETERIORATING ROAD CONDITION

The potential negative effects of deteriorating road conditions can broadly be divided into
six categories, i.e. effects on logistics management, vehicles, freight, road damage, the
environment, and road safety (Bean and Steyn, 2013). Of particular interest to this study
are the effects of deteriorating road conditions on vehicles which mainly manifest though
increased vehicle damages (due to increased vibrations), increased tyre damages (and
therefore tyre costs) and increased fuel consumption and the associated increase in fuel
costs.

Although the roads agency / owner carries the construction and maintenance cost of road
infrastructure, the road users incur even greater costs through Vehicle Operating Costs
(VOCs) that are related to fuel and oil consumption, tyre wear, repair and maintenance,
and depreciation.

A large body of research is available on the effects of pavement condition on VOCs and
numerous models have been developed to estimate these effects. Chatti and Zaabar
(2012) evaluated most of these available models and calibrated them for typical current
US road users. Road user costs include VOCs, travel time delay, safety, comfort and
convenience, and environmental impacts. Bennett and Greenwood (2003a) identified the
different components of road user costs as incorporating costs associated with owning,
operating, and maintaining a vehicle (including fuel consumption, oil and lubrication, tyre
wear, repair and maintenance, depreciation, and license and insurance).

Common to most road user cost models is a road roughness indicator used to describe the
condition of the road. Typically, the International Roughness Index (IRI) is used (Sayers et
al., 1986). Road roughness describes the range of irregularities from surface texture
through road unevenness, and it influences repair and maintenance costs, tyre use and
market value and depreciation of a fleet. Various major road user cost models are
identified by Chatti and Zaabar (2012) as follows:



* World Bank HDM Il and HDM IV models (Bennett and Greenwood, 2003a, 2003b);

» Saskatchewan VOC models (Berthelot et al., 1996);

» British COBA VOC module (British Department of Transportation, 1993);

* Swedish VETO model (Hammarstrom and Karlsson, 1991);

» Australian NIMPAC VOC module (National Association of Australian State Road
Authorities, 1978);

* New Zealand NZVOC (Bennett, 1989), and

« South African VOC models (du Plessis, 1989).

Most of these VOC models have benefited from the World Bank’'s HDM research. The
HDM research dates back to a study by de Weille (1966) for the World Bank, which led to
the development of the Highway Cost Model (Becker, 1972) which was over the years
updated up to the most recent HDM IV model. The details of each of the models are not
discussed in this paper, as the focus of the paper is on the application of the available
models to a macro-level on SA freight corridors.

The most important cost components affected by road roughness is fuel consumption,
vehicle repair and maintenance and tyre wear. Fuel consumption is mainly affected by
road roughness with an increase of 1 m/km in IRI typically increasing the fuel consumption
of heavy trucks by around 1 per cent at 96 km/h and around 2 per cent at 56 km/h. For
vehicle repair and maintenance, the effect of road roughness only starts to become
significant for IRI values of over 3 m/km, with an IRl increase up to 4 m/km which increase
repair and maintenance cost by 10 per cent for heavy trucks. At an IRI of 5 m/km, this
increase is 50 per cent for heavy trucks. An increase of 1 m/km in IRI increases the tyre
wear of heavy trucks by 1 per cent at 88 km/h (Chatti and Zaabar, 2012).

The formulas in Chatti and Zaabar (2012) were developed to quantify the effects that
deteriorating road quality can have on VOCs in the US. These formulas are used in the
analysis of the potential effect of deteriorating road conditions on VOCs in South Africa,
even though there may be some discrepancies between their results of the actual numbers
in the South African situation. However, the basis of the formulas is similar to the HDMIV
model and previous studies conducted in SA indicated that the quantum of these numbers
is similar to South African values (Steyn et al, 2011). It should be noted that a process has
been launched to calibrate these formulas specifically for South African conditions

4 METHODOLOGY

The methodology for the analysis of the potential effect of inadequate riding quality on
VOCs is based on an analysis of the weighted riding quality of selected freight corridors in
South Africa, and a comparison of the expected costs of three scenarios. These are the
current mostly national road network, the same corridors but operations on the provincial
networks for each of the corridors, and an analysis of the expected effect if the current
condition on the national network is allowed to deteriorate.

The process calculated a weighted riding quality, based on the road conditions in Bean
and Steyn (2013), for the 22 major freight corridors in South Africa (Figure 1) (Ittmann et
al, 2011) to determine the expected condition of each of the corridors. This condition data
were used together with road freight volumes on each of the corridors and the VOC
relationships to calculate the fuel, tyre and additional vehicle damage costs. In order to
indicate the severe effect that the current provincial network will have on the costs, and the



major benefit that the availability of a high-class national route network can have on freight
logistic costs in SA, an application of the method was conducted where the cost difference
was calculated between using the national road network for the 22 corridors, compared to
the provincial road network for the same corridors.
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Figure 1: Main road freight corridors taken into ac

Bean, 2013).

count in the study (Steyn and

Data for the current conditions of the road network is based on the condition surveys
conducted by each of the provinces and SANRAL. The VCI provides an evaluation of the
road network in the five standard categories of Poor (P), Mediocre (M), Fair (F), Good (G)
and Very Good (VG). In the analysis, the riding quality of the road network is required to
calculate the various costs. As no complete dataset of riding quality is as yet available for

the whole of the SA route network, the five categories were transformed

into

representative riding qualities using the values shown in Table 1. Using the selected riding
quality values in Table 1 and the VCI data a weighted riding quality value was calculated
for each authority’s road network (Table 2).

Table 1: Comparison between condition categories an

paper.

d riding quality used in this

Road condition index

Average riding quality (IRI)

Selected riding quality

category [m/km] for analyses (IRI) [m/km]
Very Good <1.0 m/km 1.0
Good 1.0 to 1.5 m/km 1.5
Fair 1.5t0 1.9 m/km 1.9
Mediocre 1.9 to 2.7 m/km 2.7




Poor | >2.7 m/km | 6.0

Table 2: Weighted average riding qualities for nine provinces and national network
(2009 data).

Authority Weighted Average Riding Quality (IRI)
[m/km]
SANRAL 1.68
Eastern Cape 2.20
Free State 3.87
Gauteng 1.85
Kwazulu Natal 291
Limpopo 1.64
Mpumalanga 2.50
North West 2.27
Northern Cape 1.89
Western Cape 2.12

Data were obtained showing the road length and freight volume (Simpson and Havenga,
n.d.) for each of the 22 selected corridors. These data were used to calculate the expected
number of similar trucks required on the route per year, assuming an average truck
payload of 30 tonnes, providing the number of truck trips on each of the corridors per year
(Table 3).

Using the route length for each of the corridors, the province through which the route
travels and the weighted average riding quality for the province’s routes, the weighted
average riding quality was calculated for each of the corridors. Based on this information,
the various VOC equations and the current diesel and tyre price for trucks in South Africa,
the annual VOCs for each of the corridors were calculated. Fuel cost of R 9.20/ | was used
and an average tyre cost of R 5000 per tyre. Regression equations were developed for
the range of riding qualities encountered on the South African network (equations shown in
Table 4).



Table 3: Freight volume, route length and truck num

bers per corridor

Annual freight Annual

Corridor volume on road Distance [km] number of

[Millions ton-km] trucks

Cape Town—Durban 11071 1344 274 608
Cape Town—Namibia 359 450 26 593
Cape Town—Port Elizabeth 2 753 566 162 275
Cape Town—Upington 1716 871 65 672

Capecor 26 477 835 1 056 579
Durban—East London 4154 482 287 275
Durban—Richardsbay 1520 304 166 510
East London—-Port Elizabeth 2420 424 190 476
Gauteng—Beitbridge 2 696 490 183 551
Gauteng—East London 2954 929 105 992
Gauteng—Ermelo 695 480 48 264
Gauteng—Lobatse 1928 315 204 114
Gauteng—Mosselbay 1999 1182 56 373
Gauteng—Nelspruit 2 056 552 124 155
Gauteng—Polokwane 2614 271 321 982
Gauteng—Port Elizabeth 4 457 683 217 457
Gauteng—Richardsbay 3299 445 246 931
Gauteng—Swaziland 1024 476 71 709
Gauteng—Upington 3459 649 177 704
Gauteng—Witbank 3122 166 627 223

Natcor 20 381 423 1 604 833
Richardsbay—Swaziland 366 617 19 773

Table 4: Regression equations used in data analysis

PARAMETER EQUATION STANDARD ERROR
Fuel consumption [mL / km] FC=1661.353IRI +7.787 0.0109

Tyre wear [percentage / km] TW = 0.00069 IRI +6.979x10° | 1.05275E-06

Repair and maintenance cost

[R / km] - damage from RMC =0.0969 IRI + 0.4039 0.07324

vibrations only

5 ANALYSIS APPLICATION

To investigate the potential effect of road conditions on fuel, tyre and vehicle maintenance
and repair costs, an analysis was done on the 22 main road freight corridors in SA as
shown in Figure 1. The analysis focused on freight transportation and determined the total
fuel consumption, tyre cost and annual vehicle repair and maintenance cost for freight
transported on the corridors under consideration. The comparison between the national
and provincial route options are shown in Table 5. The results suggest a possible increase
of 28 864 kL in fuel consumption, R 28,5 million in tyre costs and R 359 million in
additional vehicle repair and maintenance costs. This translates to around 0.03 per cent of




Gross Domestic Product (GDP) or 16 per cent of the country’s provincial road transport
budget for the 2010/11 financial year.

The method has also been applied to a wider selection of analysis options in Steyn and
Bean (2013).

Table 5: Comparison between traffic flowing on nati onal and provincial road
networks through 22 corridors.

Ereight transport total National road Provincial Difference % increase
9 P network road network from actual
Total annual fuel

consumption for all 5669 502 KL 5 698 366 kL 28 864 kL 0.51%
corridors
Total annual fuel cost R 52,159 R 52,425 R 265,548 0.51%
(based on R 9.2/L) billion billion million '
Total annual tyre costfor | o 5 65q pillion | R 2,657 billon | T 22:4%6 1.08%

all corridors million

Total annual repair and

maintenance cost for all

corridors — damage R 1,958 billion | R 2,316 billion | R 359 million 18.34%

caused by vibrations
only

6 CONCLUSIONS AND RECOMMENDATIONS

The effects that poor road conditions have on a country can be significant and this article
investigated the potential effects that deteriorating road conditions could have on the
economy of South Africa. It presents a method to determine the potential effect on
selected road user costs of changes in riding quality for a road network. Results of an
analysis on the 22 main road freight corridors in the country indicate an increase of
28 864 KL in fuel consumption, R 28,5 million in tyre costs and R 359 million increase in
additional vehicle repair and maintenance costs when comparing the national road
network conditions with those of the provincial road network. This supports the notion that
it is important to maintain good riding quality on a road network in order to avoid the
additional costs associated with transporting freight on poor condition roads.

7 REFERENCES

Bean, W.L. and Steyn, WJvdM. (2013). The potential effects of deteriorating road
conditions in South Africa. Paper presented at the 2013 SATC, Pretoria, South Africa.

Becker, M.A. (1972). “Selection of Optimal Investment Strategies for Low Volume Roads,”
M.S. Dissertation: Department of Civil Engineering, Massachusetts Institute of Technology.

Bennett, C.R. (1989). “The New Zealand Vehicle Operating Cost Model,” RRU Bulletin B2,
Transit New Zealand, Willington.



Bennett, C.R. and Greenwood, 1.D. (2003a). Volume 7: Modeling Road User and
Environmental Effects in HDM-4, Version 3.0, International Study of Highway Development
and Management Tools (ISOHDM), World Road Association (PIARC).

Bennett, C.R. and Greenwood, I.D. (2003b). Volume 5: HDM-4 Calibration Reference
Manual, International Study of Highway Development and Management Tools (ISOHDM),
World Road Association (PIARC).

Berthelot, C.F., Sparks, G.A., Blomme, T., Kajner, L., and Nickeson, M. (1996).
“Mechanistic-Probabilistic Vehicle Operating Cost Model,” Journal of Transportation
Engineering, 122(5), pp. 337-341.

British Department of Transportation (1993). COBA User’s Manual, Department of
Transport, UK.

Chatti, K. and Zaabar, I. 2012. Estimating the Effects of Pavement Conditions on Vehicle
Operating Costs, National Cooperative Highway Research Program (NCHRP) Report 720.
Transportation Research Board (TRB). Available at:
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp _rpt 720.pdf.

De Weille, J. (1966). “Quantification of Road User Savings.” World Bank Staff Occasional
Paper No. 2, Washington, DC.

Du Plessis, H.W. (1989). “An Investigation of Vehicle Operating Cost Relationships for Use
in South Africa,” Road Roughness Effects on Vehicle Operating Costs: Southern Africa
Relations for Use in Economic Analyses and in Road Management Systems. CSIR,
Pretoria.

Hammarstrom, U., and Karlsson, B. (1991). “VETO: A Computer Program for Calculating
Transport Costs as a Function of Road Standard.” English translation of VTI Report 501,
Swedish Road and Traffic Institute, Linkoping.

Ittmann, H., Schoeman, C., King, D. and Mashoko, L. (2011). Global Perspectives — South
Africa. Council of Supply Chain Management Professionals.

Jarimopas, B., Singh, S.P. and Saengnil, W. (2005). Measurement and analysis of truck
transport vibration levels and damage to packaged tangerines during transit, Packaging
technology and science, 18(4) p 179.

Kannemeyer, L. (2010). State of South Africa’s Road Network. Presentation made at the
4™ SARF/IRF Regional Conference. Cape Town, South Africa. October 11 - 14.
http://www.sarf.org.za/seminars-and-conferences/2010Iconference/presentations/2 _1115-
1145%20%20L%20Kannemeyer.pdf, accessed on 2 January 2013.

King, D., Bean, W.L., Steyn, W.J.vdM. and Havenga, J. (2010). The State of Logistics in
South Africa: The Effect of Road Conditions on Logistics. Proc. 4" SARF/IRF Regional
Conference. Cape Town, South Africa. October 11 - 14.

National Association of Australian State Road Authorities (1978). A Study of the Operation
of Large Combination Vehicles (Road Trains), Working Party Report No. |, National
Association of Australian State Road Authorities.



Sayers, M.W., and Karamihas, S.M. (1998). The Little Book of Profiling, UMTRI, Michigan,
USA.

Simpson, Z. and Havenga, J. (n.d.). National land freight flow models. University of
Stellenbosch. (Data accessed on 10 April 2013).

Singh, S.P., Antle, J.R. and Burgess, G.G. (1991). Comparison between lateral,
longitudinal, and vertical vibration levels in commercial truck shipments. Packaging
Technology and Science, 5(2) p 71.

Steyn, W.J.vdM. and Bean, W.L. (2011). The Potential Effects of Deteriorating Road
Quality and Maintenance in South Africa: Exploring Benefit-Cost Analysis. Seventh
Annual State of Logistics Survey for South Africa 2010: Value Creation, Towards
Global Competitiveness and Sustainability, pub CSIR (ed. D. King), p 30.

Steyn, W.J.vdM. and Bean, W.L. (2013). Potential effects of deteriorating road conditions
in South Africa. The 9™ annual State of Logistics Survey for South Africa 2013: Value
Connecting neighbours — Engaging the world, pub CSIR (ed. N.M. Viljoen), Pretoria.

Steyn, W.JvdM., Bean, W., King, D., and Komba, J. (2011). Evaluating Selected Effects of
Pavement Riding Quality on Logistics Costs in South Africa. Transportation Research
Record — Journal of the Transportation Research Board, No 2227, Vol 3, pp. 138-145.

Steyn, W.J.vdM., Bean, W.L., Pretorius, C.J. and Van der Walt, G. (2012). The Potential
Effects of Bad Roads on Transported Cargo. 8" Annual State of Logistics Survey for South
Africa 2011: Gearing Up for Change, pub CSIR (ed. N.M. Viljoen), p 79.



	Organising Committee
	Review Process
	Reviewers
	Disclaimer
	Programme / Session Index
	SEARCH
	PLENARY PRESENTATIONS
	S Gama not submitted
	Dr J Zietsman
	J Gagnon
	Y Adiwinarto

	1A: URBAN TRANSPORT: POLICY AND PLANNING
	K Venter, N Masondo, Department of Transport and M Mokonyana, M Letebele, S Dube, CSIR Built Environment
	O Wentley and G Hitge, City of Cape Town
	P Grey and R Behrens, University of Cape Town
	P Chacha and H Bwire, University of Dar es Salaam, Tanzania
	S Gichuna and M Kinyanjui, University of Nairobi, Kenya
	W Heyns, Arup
	L Kane and S Cooke, University of Cape Town and V Baleni, Bigen Africa Services

	1B: INFRASTRUCTURE
	A Marsay, Johnstaff Africa
	M Mitchell, South African Road Federation
	C Schildhauer and R Sik, Mikros Systems
	M M Slavik
	M Mgangira, J Anochie-Boateng and J Komba, CSIR Built Environment
	I Gledhill, J Greben, A Cooper, R de Villiers, and J Grobler, CSIR
	P Savage, Emeritus Professor; Specialist Consultant
	E Kleyn, Consulting Civil Engineer
	L Roodt, University of Stellenbosch

	1C: RURAL TRANSPORT/ CAPACITY BUILDING
	Crynos Mutendera – Development Bank of Southern Africa not submitted
	David Mwaniki – Global Crisis Solutions not submitted
	Angie Nchabeleng – Department of Transport not submitted
	Clinton Heimann – Department of Rural Development & Land Reform not submiteed
	Sibulele Dyodo – South African Local Government Association not submitted
	Mac Mashiri, GTRD, Msondezi Futshane – Department of Transport, Bongisizwe Mpondo– Safiri, & James Chakwizira – University of Venda
	M Mashiri, Gwarajena TRD, W Maphakela, DOT, J Chakwizira, University of Venda and BMpondo, Safiri
	M Letebele, S Dube, M Mokonyama, CSIR Built Environment
	M Molomo and C Venter, University of Pretoria, M Mashiri, Gwarajena TRD

	2A: PUBLIC TRANSPORT PLANNING AND REGULATION
	B van Biljon, Aurecon and C Venter, University of Pretoria
	E Madinda and D Mfinanga, University of Dar es Salaam, Tanzania
	M Wosiyana, eThekwini Transport Authority
	P Browning, TransForum Business Development
	R Orero, Kenya Methodist University, Kenya and D McCormick, University of Nairobi,Kenya
	William Agyemang
	M Ommeh, D McCormick, W Mitullah, P Chitere, University of Nairobi, Kenya andR Orero, Kenya Methodist, University, Kenya
	A Ka’Bange and D Mfinanga, University of Dar es Salaam, Tanzania
	H Emeran, PRASA, W Heyns, S Sanders and R Dyer, Arup

	2B: INFRASTRUCTURE
	V Pretorius, Royal Haskoning DHV, J Deetlefs, Taupele Construction, O Leeuw, Mangaung Metropolitan Municipality and T Roe, Tensar International Limited
	D Ntuli, DOT South African High Commission, London, Britain
	J Maina, M de Beer and Y van Rensburg, CSIR Built Environment
	A Jorgensen, Rail Road Association of South Africa
	M Mabuse, J Anochie-Boateng, J Komba, CSIR and J Ndambuki, Tshwane University ofTechnology
	G Mturi and M Nkgapele, CSIR Built Environment
	G van Zyl, Mycube Asset Management Systems and A van der Gryp, Department of Transport and Public Works
	L Sampson, Sampson Consulting and R Geddes, Crown Agents
	F Jansen v Rensburg, Hans Brink and Associates

	2C: TRAFFIC MANAGEMENT, SAFETY AND SECURITY
	H Vorster, City of Tshwane and J Seymour, AECOM, Ireland
	K Venter, F Labuschagne, CSIR Built Environment and M le Roux, G Cloete, N3TC Toll Concession
	C Bester and G Grobler, University of Stellenbosch
	T Ackerman and M Sinclair, University of Stellenbosch
	C Bester and J Oncke, University of Stellenbosch
	C Venter and H Knoetze, University of Pretoria
	T Ithana and M Vanderschuren, University of Cape Town
	M Sinclair, D Skinner and Y Toefy, University of Stellenbosch
	P Nteziyaremye and M Sinclair University of Stellenbosch

	3A: FREIGHT AND LOGISTICS
	L Mashoko, CSIR Built Environment
	C Rossouw, Imperial Logistics
	C Walker, University of New South Wales, Australia
	F Kienhofer, T Dessein, University of the Witwatersrand and P Nordengen, CSIR BuiltEnvironment
	C de Saxe, P Nordengen, CSIR Built Environment and F Kienhofer, University of theWitwatersrand
	P Nordengen, CSIR Built Environment
	H Ittmann, HWI Consulting, N Viljoen, A Cooper and F van Dyk, CSIR BuiltEnvironment
	W Bean, CSIR Built Environment and W Steyn, University of Pretoria
	J Joubert, C van Schoor, University of Pretoria and Q van Heerden, University of Pretoriaand CSIR Built Environment
	Chakwizira, University of Venda and S Mahapa, Tselachueu Consulting
	G de Beer, Gibb

	3B: TRAFFIC ENGINEERING
	C Krogscheepers, R Cable, J Coetzee and M Grobbelaar, ITS Engineers
	Y Roux and L Hermant, Goba
	C Krogscheepers, ITS Engineers and M Watters, Western Cape Government
	M van Tonder, D Bekker, Aurecon and R Ronny, E Dube, SANRAL
	R Lewis, Syntell
	J Joubert, University of Pretoria and Q van Heerden, CSIR Built Environment andUniversity of Pretoria
	Q van Heerden, CSIR Built Environment and University of Pretoria and J Joubert,University of Pretoria
	L Hermant, Goba

	3C: TRANSPORT SYSTEMS AND OPERATIONS
	J Chakwizira, University of Venda, M Mashiri, Gwarajena TRD, P Nyoni, Department of Public Works and Road Transport and M Mokonyama, CSIR Built Environment
	M Mokonyama, CSIR Built Environment, M Vilana, Department of Transport and B Mpondo, Safiri
	M Pearton, eThekwini Transport Authority and M Hughes, Beyond Payments division of Standard Bank
	A Aucamp, eThekwini Transport Authority
	B Masuku, University of South Africa
	J Kelly, City of Johannesburg
	R Masemola, M Mokonyama, CSIR Built Environment and N Masondo, Department of Transport
	P Onderwater, Royal Haskoning DHV and H Emeran, PRASA
	W Steyn, University of Pretoria
	S Gupta and N Nathani, Amity School of Architecture & Planning, Amity University Haryana, India
	J Maluleke

	STUDENT ESSAY COMPETITION
	C Turner
	Marc Mbieleu, Jan Grundling, Yuchen Wang and Lizl Steynberg

	EXIT



