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ABSTRACT

In recent years the major performance problem found with dense graded asphalt mixture
used in all bus lanes in Sado Paulo City is permanent deformation. The damage is
accelerated by the low speed of the buses, which average around 25 km/h, and the high
temperatures during eight months of the year. For these reasons, it is common to find
premature rutting in these pavements. On the other hand, the literature reports many
cases where stone mastic asphalt (SMA) and Open-Graded Friction Course (OGFG)
applications were used to minimise rutting and promote the best tire/pavement contact.

The aim of this paper is to present the research conducted to overcome the rutting
problem. This research was focused on the laboratory properties of OGFC with regard to
stone-on-stone contact. All mixtures and test specimens were compacted with the
Marshall apparatus and the volumetric properties for each mixture were determined.
Unconfined static creep tests were conducted at 25 °C, 40 °C and 50 °C.

1. INTRODUCTION

Regarding permanent deformation, in the literature we can find some information about
Stone Matrix Asphalt (SMA) which is recognised as an ideal surface layer for heavy and
slow traffic conditions (Stephenson and Bullen, 2002; Lanchas, 1999; Brown, 1992) due to
good rut resistance properties that are attributed to the stone-on-stone contact of the mix
skeleton. In general, the void content is around 4% and the surface is impermeable.

However, for tire/pavement adherence, better performance is related to the mixture
designated as Open-Graded Friction Course (OGFC). This category of mixture is
mentioned in the literature as having been used in the United States for over fifty years
(Watson et al., 1993), while others (Sadzik et al., 1999) affirm that in South Africa porous
asphalt mixes have been used since the 1970s originally as friction courses to improve
skid resistance and, according to some authors, in some cases to absorb excess binder.

On the other hand, in Sdo Paulo City, there is a high concentration of buses consisting of
11 000 units and an extensive bus line network. Due to the narrowness of the lanes in this
bus corridor (3,00 m wide) and the heavy traffic, there is a huge concentration of buses
travelling slowly at approximately 20 km/h in the lanes. This situation, associated with the
high temperature, makes the pavement conditions worse. The permanent deformation is
accelerated by the sum of these effects.
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In terms of experience, there is little road construction where SMA and OGFC were used.
Considering the importance of these types of mix and the high costs of construction, it is
very important to carry out initial laboratory studies and then only to build.

The objectives of this research are:

e to obtain better performance in terms of permanent deformation of some gradations
where coarse aggregate stone-on-stone contact exists, but with a high degree of
porosity;

e to compare the performance of these mixtures and the gradations usually used by
the Sdo Paulo City Government (PMSP) in bus lanes and to compare the
performance of different mixes with and without type SBS polymer additive
(styrene-butadiene-styrene).

2. SUMMARY OF LITERATURE REVIEW

2.1 Stone Matrix Asphalt — SMA

SMA has been reported as an ideal surface layer for heavy traffic conditions. It is
recommended as a high-performance rut-resistance mixture. The behaviour of the mix is
due to stone-on-stone contact of the mix skeleton.

The SMA mixture initially appeared in Germany at the end of the 1960s and was aimed at
increasing the resistance of pavements to studded tire wear (Lanchas, 1999). According to
this author, the first SMA paving was used on the Freiligrath of Wilhelmshaven Street in
Germany on 30 July 1968, and it was still in an excellent condition in 1999. According to
Brown (1992), this asphalt mix model has been studied in the US since 1991. The
rationale of the procedure is based on the structuring of the discontinuous coarse
aggregate skeleton (Brown, 1997; Bolzan, 2002) so that 65% to 85% is retained on a
4.75-mm sieve. Due to the high percentage of coarse aggregate present in the mix, the
efforts resulted in stone-on-stone with the fine aggregate mix playing a passive role,
primarily filling up the voids in the coarse aggregate skeleton.

The SMA concept can only be used if there is stone-on-stone contact. Bearing in mind that
the coarse aggregate diameter exceeds 4.75 mm, in order to assure contact among the
mixes studied, the method shown by Brown and Haddock (1997) and suggested by Brown
and Mallick (1994) was used. This method is based on the ratio between the coarse
aggregate voids (VCA) in the SMA asphalt mix and the coarse aggregate voids in the
mixture containing only the coarse aggregate fraction (aggregate > 4.75 mm) compacted
with low-content asphalt (VCALa) in the Marshall compactor.

In this procedure, if the VCA/VCA|4 ratio is lower than 1, stone-on-stone contact is
assumed. According to Brown and Mallick (1994) the coarse aggregate voids (VCA) in an
asphalt mixture are defined by:

VCA =100 — [(ym / Yagr) X Pag] (1)

Where:

VAC = voids in the coarse aggregate of asphalt mixture, expressed in percentage

vm = bulk specific gravity of the compacted specimen, expressed in kN/m?

Yagr = bulk specific gravity of the course aggregate, expressed in kN/m?®
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ag = percentage of coarse aggregate (> 4.75 mm) in the mixture, expressed in %

The voids in the coarse aggregate compacted with low asphalt binder are defined by:
VCALA = {[(vagr X Ya) - Yagp] / (Yagr X va)}x 100% (2)

Where:
VCA_a = coarse aggregate voids compacted with low asphalt binder, expressed in %;
Yagr = bulk specific gravity of the compacted specimen, expressed in kN/m?®;
va = Unit weight of water, expressed in kN/m>;
Yagp = unit weight of the course aggregate fraction, expressed in kN/m®.

To meet the requirements of the SMA concept, the gradation curve must be discontinuous
so that changing from coarse to fine aggregate must also be discontinuous, with void
formation that will be filled up by fine aggregate mortar and asphalt binder.

2.2 Open-Graded Asphalt Friction Course (OGFC)

Open-Graded Friction Course is considered a hot mix asphalt (HMA) mixture with high
interconnecting voids, so it is very porous and permeable. Excess water can enter into the
surface and be drained. The macrotexture with high voids facilitates drainage so that the
water is removed more quickly from the pavement surface and thus potential hydroplaning
IS minimised.

When compared with dense-graded HMA, OGFC has demonstrated some advantages
according to the literature: reduced vehicle splash and spray behind vehicles; high
frictional qualities; reduced potential for hydroplaning; and reduced tyre-pavement noise.

Kandhal and Mallick (1997) have observed that OGFC has been used in the USA since
1950. According to these authors, the experience in the United States with OGFC has
been widely varied. They affirm that many transportation agencies have reported good
performance, while others have stopped using this kind of mix because of poor
performance. Some important findings related by those authors (Kandhal and Mallick,
1997 and 1998) were: more than 70% of the agencies which use OGFC reported service
life of eight or more years; about 80% of the agencies using OGFC (Figure 1) have
standard specifications for design and construction, and a vast majority of agencies report
good experience using polymer-modified asphalt binder.

Aggregate

\.Q

Figure 1: Schematic representation of OGFC

Binder
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3. MATERIALS

Aggregates used in this research were obtained from a place near Sdo Paulo City and
their origin is granite. Table 1 shows six different gradation types that are commercially
used. All gradations used in this research were developed with a combination of these six

gradations. The apparent specific gravity of the granite is 27 kN/m?.

Table 1: Six different gradations of aggregate used in this research

Sieve Size Percent Passing/Aggregate Type
(mm) A B C D E F
Crushed Crushed Crushed Crushed Small Fine aggregate
rock # 1” rock # 1” rock %" rock 2" shower of | (stone powder)
Embu2 Embu2 crushed
rock
25.0 100.0 100.0 100.0 100.0 100.0 100.0
19.0 88.2 99.4 100.0 100.0 100.0 100.0
125 61.0 55.7 98.2 100.0 100.0 100.0
9.5 6.0 31.4 65.0 69.0 100.0 100.0
4.75 15 4.3 3.3 2.0 23.2 100.0
2.36 14 15 3.0 2.0 7.6 71.4
0.42 1.4 0.5 2.8 2.0 3.9 28.8
0.175 1.0 0.3 2.6 2.0 3.0 155
0.075 0.1 0.1 2.1 1.2 2.2 6.7
Los Angeles Abrasion (%) 25.1
Shape Index #1 Cubic
EA (sand equivalent) — Fine aggregate (stone powder) (%) 66.0
Theoretical maximum density #1 (kN/m°) 27.00
Fine aggregate (stone powder) theoretical maximum density (kN/m?) 25.83
Sand theoretical maximum density (kN/m°) 25.15

The asphalt mixes used throughout this study were asphalt cement AC-20 and polymer-
modified asphalt (PMA). The polymer used was styrene-butadiene-styrene (SBS). The

properties of the binder are given in Table 2.

Table 2: Properties of the asphalt cement used in this study

Test Test Results
AC-20 PMA
Specific Gravity, 25 C (g/cm3) 1.023 1.040
Penetration 25 C, 100g,5 s 54.0 50.0
Viscosity SSF — 135 C (s) 202 -
Viscosity SSF — 155 C (s) 78 -
Viscosity SSF - 177 C (s) 35 -
Flash Point (C) 295 235
Softening Point (C) 49.5 75
Viscosity at 175 C (cP) 65 450
Elastic recovery (%) 25 C 0 85
Thermal susceptibility index 1.3 2.0
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4. EXPERIMENTAL RESEARCH

A test plan was developed using two procedures: three samples were obtained with the
Marshall method compacted with 50 blows per face for each AC content, and M1 and M2-
mix samples milled from a plaque which were compacted using a vibratory plate resulting
in 98% Marshall Density (Figure 2).

I | el —y g

Figure 2: (a) Sample being compacted with vibratory plaque (b) milled samples

The asphalt content of the GII and GlIl mixes was determined in accordance with the
procedure described in the Marshall method. In the case of mixes M1, M2, M8 and M10, it
was determined that stone-on-stone contact existed, and then the optimum asphalt
content was determined.

The study of permanent deformation was made using the Static Creep Test described by
Fortes and Merighi (2004) at 25 °C, 40 °C and 50 °C. The advantages of using unconfined
static creep to evaluate and predict the mixture performance in terms of permanent
deformation are that this laboratory test requires simple equipment, and it shows the best
correlation with the experimental field rutting as presented by Kalousk and Witczak (2002).

The composition of the mixes used in this research is shown in Table 3. The aggregate
gradations are listed in Table 2 and all the mixes studied met the requirements described
in 2.1, except mixes GIl and GlIl because they are dense HMA. Figure 3 shows the
distribution of the six gradation curves studied.

Table 3 Composition of the mixes studied

MIXES M1 | M2 | M8 | M10 | GII | Gl
#2" - - 15 -
# 1" Embu2 80
#1" - 15 25
Y%5" Embu2 80
# " 83 78 15 15
Small shower of crushed stone 8 15 15
Fine aggregate (stone powder) 20 20 17 14 40 45
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5. RESULTS AND ANALYSIS

The results obtained from these studies are shown in Tables 4, 5 and 6. The permeability
test was conducted using the Florida DOT falling-head laboratory permeability test
according to the recommendations of Kandhal and Mallick (1997, 1998.). The M1 and M2

samples were milled from the plaque.
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Figure 3: Gradation of the aggregates that were studied
Table 4: Test Results for the trial gradation blends
Trial blend/ | ym (KN/m?) Yagr Air Voids VMA VCA VCA 4 (%)
Property (kN/m?) (%) (%) (%)
M1 19.70 27.00 21.5 30.7 30.6 43.4
M2 20.02 27.00 19.5 29.0 28.8 46.1
M8 19.00 27.00 27.3 31.0 41.0 41.6
M10 18.46 27.00 29.4 33.0 38.7 39.6
Gll 24.24 27.00 4.6 15.3 - -
Gl 24.07 27.00 3.6 14.5 - -

Table 5: Results of volumetric, strength and permeability properties

PROPERTIES/

ACconNTENT m VMA Air Marshall O1o5 Permeability
MIXTURE % (qu/m3) (%) | void | Stability 60 | (MPa) (cm/s)
(%) C (kN)

M1 4.8 19.70 30.7 215 4,21 0.42 3.4x10°
M2 4.8 20.02 29.0 19.5 5.10 0.51 3.0x10°
M8 AC-20 5.0 19.91 29.9 20.2 3.92 0.55 7.2x107
M8 AC-20 5.5 20.13 29.6 18.7 3.75 0.51 3.0x10°
M8 AC-20 6.0 20.28 29.4 17.5 3.29 0.47 1.2x107
M8 Polymer SBS 5.3 20.15 295 19.8 4.25 0.75 42x10°
M10 AC-20 4.8 20.35 28.3 18.7 1.72 0.86 46x10°
M10 AC-20 5.3 20.59 27.8 17.1 4,76 0.73 35x10°
M10 AC-20 5.8 20.80 26.2 14.2 4,01 0.78 2.8x10”
M10 Polymer SBS 5.0 20.45 30.7 18.5 5.12 1.05 46x10°
G I AC-20 4.8 24.24 15.1 4.6 12.70 2.00 6.0 x10™
G Il AC-20 5.3 24.07 15.9 3.6 11.45 1.32 7.2%x10"

Figure 4 summarises the air voids as determined in the mix design. It can be observed that
both mixes M1 and M2, and M8 and M10, with and without polymer, retain proportionally
the same percentage of air voids. In general, the percentage of air voids decreases with
the addition of AC.

110




Figure 5 illustrates the variation of tensile stress for different mix designs. The Gll and GllI
mixes, both dense-graded mixes with a low percentage of air voids, show high tensile
stress when compared with other mixes. The presence of polymer in the mixes increases
the tensile strength.

Table 6: Results of the static creep test

Mixture Permanent Deformation (mm) x Temperature (C)
25 40 50
M1sgs 0.12 0.22 0.27
M2sgs 0.00 0.07 0.20
M8ac-20 0.27 0.45 0.49
M8ac-20 0.28 0.51 0.56
M8ac-20 0.29 0.54 0.60
M8sgs 0.20 0.38 0.41
M10ac-20 0.29 0.35 0.45
M10ac-20 0.33 0.40 0.48
M10ac-20 0.32 0.41 0.55
M10sgs 0.25 0.32 0.44
G llac2o 0.34 0.42 0.51
G lac-20 0.51 0.77 0.92

The effects of air voids, mix design and binder modifiers on permeability are shown in
Figure 6. The dense-graded mix was found to be impermeable (permeability coefficient = k
< 10 cmi/s). In other cases, the permeability coefficient decreases with the addition of AC,
but as shown in Figure 6, it increases when asphalt is modified with polymer. Naturally
when the air voids increase, the permeability coefficient increases. It can be observed that
M2 gives the best performance in terms of permanent deformation (Figure 7).
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Figure 4. VAM - air void versus AC content for all mixes studied

The Pavement Macrotexture Depth was measured using a volumetric technique (ASTM,
1996-2001). Figure 8 shows that the value obtained in the test was 3.06 mm.

Regarding Pavement Macrotexture Depth, it is possible to confirm that in the dense HMA
the value observed was about 0.8 mm, whereas in the OGFC #19 mm it was 3.00 mm,
and in the OGFC #12.5 mm it was 2.1 mm, approximately 4 and 2.5 times bigger
respectively.
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Figure 8: Measuring the Surface Macrotexture Depth OGFC #19.0 mm
6. CONCLUSIONS AND RECOMMENDATIONS

The performance in terms of permanent deformation, permeability and tensile stress was
studied using samples obtained in the laboratory and samples milled from a plaque
compacted using a vibratory plate.

The following conclusions and recommendations can be drawn from this research:

Four mixes that contained stone-on-stone contact were evaluated. They were: M1, M2, M8
and M10.

The M2 mix complied with the requirement of stone-on-stone contact and showed the best

results in terms of relation VCA/VCA_a, permanent deformation and Y5 when the binder
utilised was polymer.

The gradation Glll performed worse than Gll. In Sdo Paulo, this mixture is used in the
superficial layer in order to modify the PMSP recommendations.

Although the performance of the GII gradation better than that of Glll, the permeability
coefficient was very low for both, so the adherence of tyre to pavement may not be
satisfactory in wet conditions.

According to Table 5, it is possible to observe that mixtures modified with SBS polymer
give the best performance in terms of permanent deformation resistance and permeability.

Regarding permanent deformation and permeability, the M2 mix confirmed what was
expected. It presented bigger permanent deformation resistance than the mix (Glll)
overlay recommend by PMSP.

The authors intend to expand their research by doing more experimental field tests.
7. ACKNOWLEDGEMENTS

The authors would like to thank the Ipiranga Asfaltos Company for providing the asphalt
material and the LENC for their assistance.

113



8. REFERENCES

(1]

(2]

(3]

[4]

5]

[6]

[7]

(8]

9]

[10]

[11]

[12]

Bolzan, P E. 2002. The rehabilitation of the Ricchieri highway in Argentina with SMA
and thin-SMA technologies. Ninth International Conference on Asphalt Pavements.
Copenhagen, Denmark.

Brown, E R and Haddock, L E. 1997. A method to ensure stone-on-stone contact in
stone matrix asphalt paving mixtures. NCAT Report No. 97-2, 20 p.

Brown, E R and Mallick, R B. 1994. Stone matrix asphalt properties related to mixture
design. NCAT Report No. 94-2, 83 p.

Brown, E R. 1992. Experience with stone matrix asphalt in the United States. NCAT
Report No. 93-4. 34 p. March.

Fortes, Rita Moura and Merighi, Jo&o Virgilio. 2004. Open-graded HMAC considering
stone-on-stone contact . International Symposium on Design and Construction of
Long-Lasting Asphalt Pavements. Auburn, Alabama, USA.

Kalousk, K E and Witczak, M W. 2002. Simple Performance Test for Permanent
Deformation of Asphalt Mixtures. TRB.

Kandhal, P S and Mallick, R B. 1997. Design of new-generation open-graded friction
courses. NCAT Report No. 97-2.

Kandhal, P S and Mallick, R B. 1998. Open-graded asphalt friction: state of the
practice. NCAT Report No. 98-7.

Lanchas, S. 1999. Caracteristicas del stone mastic asphalt SMA. 10° Congreso lbero-
Latinoamericano del Asfalto. Sevilla — Spain. pp727-730.

Sadzik, E S, Visser, A T and van Wik, I. 1999 Some aspects of the performance of
porous asphalt in South Africa (case study). 7" Conference on Asphalt Pavements for
Southern Africa (CAPSA).

Stephenson, G and Bullen, F. 2002. The design, creep and fatigue performance of
Stone Mastic Asphalt. 9™ Conference Proceedings, ISAP.

Watson, D R, Moore, K A, Williams, K, and Cooley Jr, L A. 2003. Refinement of new
generation open-graded friction course mix design. TRB 2003. Annual Meeting,
Washington DC.

114



	OPENING
	PAPER INDEX
	AUTHOR INDEX
	SEARCH
	ORGANISING COMMITTEE
	REFEREES
	SPONSORS & EXHIBITORS
	SUPPORT
	PLENARY SESSIONS
	London Congestion Charging and Urban Tolling: Lessons for So
	Public-Private Partnership Options in the Provision of Trans
	Urban Transport and the 2008 Beijing Olympics

	SESSION 1A: PROVINCIAL AND MUNICIPAL TRANSPORT ISSUES
	Metropolitan Mobility Surveys: The State of Practice
	Transport Performance Indicators: Benchmarking Tshwane again
	A Strategic Infrastructure Plan for the Western Cape
	Research on the Municipal Responsibility to Sustainably Mana
	Leveraging Public Works Programmes to Maximise Economic Deve
	Transport Authorities in South Africa: Current Initiatives, 
	Tshwane Transport Authority: A Good Business Case - but can 
	The Case for Municipal Transport Authorities Revisited

	SESSION 1B: INFRASTRUCTURE
	Study of Laboratory Properties of OGFC Considering Stone-on-
	Towards Quantification of Adhesion and Water Stripping in Bi
	Simple Tests to Enhance the South African HMA Design Guideli
	Best Practice: Bitumen-Emulsion and Foamed Bitumen Materials
	Fit-for-Purpose Certification of Non-Traditional Road Additi
	Erosion of Compacted Wearing Course Gravels – Relating Mater
	Roodekrans Thin Concrete Experiment Sections 4, 5 and 6: Con
	Steel Fibre Reinforced Concrete for Road Pavement Applicatio

	SESSION 1C: TRAFFIC MANAGEMENT AND SAFETY
	Road Improvement and Safety: A Case Study from the Western R
	Road Traffic Safety Management Strategy for the Western Cape
	A National Curriculum for Traffic Law Enforcement Officers
	A Relationship between Accident Types and Causes
	Contributory Factors to Road Traffic Crashes
	The Use of Light Delivery Vehicles (LDVs) for the Conveyance
	Safety as an Indispensable Quality Requirement in Transport

	SESSION 1D: AVIATION
	The way Forward in Liberalising the African Skies

	SESSION 2A: PUBLIC TRANSPORT
	Developing the eThekwini Operating Licences Strategy: How Us
	Current Public Transport Record: eThekwini’s Experience
	Improving the Provision of Public Transport Information for 
	A Study of the Pedestrian Public Ways in São Paulo City Cent
	Design Guidelines for Public Transport Facilities
	The Answer is: Corridor Development, But what is the Questio
	Towards a Public Transport Corridor Strategy for Cape Town
	Public Transport: Lessons to be Learnt from Curitiba and Bog

	SESSION 2B: INFRASTRUCTURE
	The Appropriateness of Accelerated Pavement Testing to Asses
	Evaluation of Benefits Arising from Pavement Associated Tech
	Direct Economic Benefits Arising from Technology Development
	Tyre-Pavement Contact Stress Patterns from the Test Tyres of
	Statistical Analysis of Vehicle Loads Measured with Three Di
	The Effect of Road Surfacing Condition on Tyre Life
	Innovative PPP Saves Chapman’s Peak: PPP brings together the
	The Appraisal of Transport Infrastructure Projects: Potentia
	Asset Management: An Essential Ingredient for Road Network M
	Technical Audit of Rehabilitation Works on Unpaved Rural Acc
	A Cost Model for the Evaluation of Different Options in Town

	SESSION 2C: TRAFFIC MANAGEMENT AND SAFETY
	Measuring Road Traffic Safety Performance
	Public Private Partnerships in Road Safety: A Case Study - D
	Alleviation of the Pedestrian Safety Crisis in the City of C
	Developing Local Road Safety Plans for Cities: Lessons Learn
	Community Road Safety Education Programmes: The South Africa
	Road Safety Education for Children - The use of Junior Traff
	Travel Patterns and Safety of School Children in the eThekwi
	An Evaluation of the Schools’ Road Safety Project for the 20

	SESSION 2D: RURAL TRANSPORT: PLANNING AND DEVELOPMENT
	“New Roads are not Enough”: Planning and Delivering more Int
	Rural Mobility Brokering and Subsidisation: Outline of Optio
	Maputo Development Corridor: Evaluation of First Phase
	The Connection between the Metropolis of São Paulo and Santo
	Improving Children’s Mobility and Access to Socio-Economic O
	The Development of a Conceptual Framework for Evaluating the
	The National Land Transport Transition Act, (2000). How Long

	SESSION 2E: WORKSHOP: REVISION OF EXISTING SAQA REGISTERED Q
	SESSION 3A: TRANSPORT PLANNING
	Transport Expenditure: Is the 10% Policy Benchmark Appropria
	Questions about the Quantitative Basis of Municipal Transpor
	The use of Cellphone Technology in Activity and Travel Data 
	Bus Rapid Transport and Urban Development
	Modelling and Profiling Household Car Ownership in the Post-
	Fuel Efficiency Measures for South Africa
	Appraisal Frameworks for Developmental Transport Interventio
	Towards Setting a Research Agenda around Mainstreaming Gende

	SESSION 3B: TRAFFIC ENGINEERING
	The use of DRACULA Micro-Simulation Modelling in the Evaluat
	e-Mobility: South African Freeway Management
	Implementation of Traffic Control Measures Systems as an Int
	Smart Transport
	Trends in the Traffic Impact Assessment Process
	The AADT-Kilometre Formula for Establishing Bulk-Service Con

	SESSION 3C: CAPACITY BUILDING
	Overview of Qualifications: Road Construction, Materials Tes
	Engaging Every Staff Member and Developing a Purpose Driven 
	Employment Creation through the Construction and Maintenance
	Community-Based Labour-Intensive Road Construction: Findings

	SESSION 3D: 4TH SA-CHINA TRANSPORT TECHNOLOGY FORUM
	State of the Art of the Technology of Highway Alignment Desi
	Subsection of Pavement Design Parameters using Neural Networ
	Evaluation of the HMA Pavement Structure on a Cement Concret
	A Study of the Fatigue Performance of Asphalt Mixes Based on
	Research on the Structural Design of Asphalt Pavements for L
	Mobile Data Collection Method used in PMS
	Selection of some Technical Issues for Rural Road Constructi
	A New Concept of Landscape Design in Highway Construction
	Cracking of the Asphalt Surfacing of the Longest Suspension 
	Study of the Rutting Resistance of Asphalt Surfacing Mixture
	An Introduction to Bridge Design Based on Bionics
	Structural Analysis of a Curved Single-Tower Suspension Brid
	Study of the Road Performance of Waterproof Materials for Co
	The Effect of Filler Asphalt Ratio on the Performance of Hot
	Modification of the Rolling Thin Film Oven Test for Modified

	SESSION 3E: RAIL
	Towards Improving the Accessibility of Commuter Rail to Spec
	Rail Privatisation in South Africa – Will it Work?
	Separation of Rail Infrastructure Ownership from Operation: 
	Modern Railway Infrastructure Asset Management
	Land Freight Issues in South Africa
	The Cost of Freight Transport Capacity Enhancement – A Compa
	Improving Accessibility to Commuter Rail Services - Case Stu


