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ABSTRACT
us Rapid Transit (BRT) systems or Integrated Rapid Public Transport Networks (IRPTN) are being rolled out in South Africa in at
MFBTUNFUSPQPMFTBOEMBSHFSNVOJDJQBMJUJFT'SPNBQBWFNFOU
EFTJHOQFSTQFDUJWF UIFEFTJHOPGUIFCVTMBOFTSFRVJSFTTQFDJöDBUUFOtion due to the high number of wheel load repetitions that are applied
JOBDIBOOFMJ[FENBOOFS8IFFMMPBETDBOCFWFSZIJHIEVFUPCVTBYMF
MPBETPGVQUPU"GVMMZMPBEFEBSUJDVMBUFECVTIBTBOBYMFFRVJWBMFODZGBDUPSPGVQUPFRVJWBMFOUTUBOEBSEBYMFMPBET L/ 5ZQJDBMBYMF
loads at varying occupancy levels for standard buses, articulated buses
BOE GFFEFS CVTFT BOE UIF BTTPDJBUFE OVNCFS PG FRVJWBMFOU TUBOEBSE
axle loads per bus are provided in this paper and these can be used by
pavement designers as guidance.
This paper evaluates a number of pavement design options that were
developed for inter alia the Johannesburg Rea Vaya, the Rustenburg YaSPOB  UIF F5IFLXJOJ (P%VSCBO BOE UIF &LVSIVMFOJ )BSBNCFF5IFTF
include both flexible pavements (asphalt with and without binder modification) and rigid pavements (continuously reinforced concrete pavements). The paper provides insight into the bus volumes, cumulative
traffic loading, selected pavement design options and the pavement
layer materials that were selected.
Some conclusions reached in this paper are firstly that there is no fixed
decision-based model that one can apply to the choice between concrete and asphalt pavements for BRT lanes, but at critical areas, such as
intersections and confined CBD areas, asphalt pavements have certain
advantages over concrete and secondly that there is a tendency to ignore or to overestimate bus occupancy levels, which has a significant
effect on the total estimated traffic loading on BRT pavements.

B

INTRODUCTION
Bus Rapid Transit (BRT) systems and Integrated Rapid Public Transport
Networks (IRPTN) make use of road-based vehicles. This offers a larger
degree of flexibility compared to rail-based public transport system
in urban areas such as train, light rail and trams, both in terms of implementing the necessary infrastructure as well as the utilisation of
DPBDIFT 5IF JOJUJBM DBQJUBM JOWFTUNFOU JO JOGSBTUSVDUVSF SFRVJSFE GPS
BRT systems and IRPTNs is also considerably less than that for light
rail and trams. At the same time, BRT systems and IRPTNs offer a high
performance rapid transit service and are capable of moving high passenger volumes from one point to another in a fast, comfortable and
reliable manner. BRT systems and IRPTN’s are therefore very effective to
facilitate a modal shift from private to public transport, both in terms
PGJOGSBTUSVDUVSFTQFOEJOHBOEøFYJCJMJUZSFRVJSFEGPSFOIBODJOHQVClic transport networks in urban areas that are already well developed.
The rapid bus services offered are well integrated with other forms
PGQVCMJDUSBOTQPSUBOEBSFVTVBMMZCSBOEFEXJUIBRVBMJUZJNBHFBOE
VOJRVF̓JEFOUJUZ
BRT’s are characterised by exclusive bus lanes that operate on trunk
routes in urban transit corridors with right-of-way at intersection and in
spaces shared with other modes of transport. BRT lanes are constructed
in the median of the corridors. The stations are for exclusive use by the
BRT buses and have elevated platforms to facilitate level boarding. This
NFBOTUIBU#35CVTFTBSFFRVJQQFEXJUIIJHIMFWFMEPPSTUIBUEPOPU
allow for street-level boarding of passengers. BRT buses can therefore

only operate on their dedicated trunk routes. Ticketing and fare colMFDUJPOUBLFTQMBDFiPòCPBSEwBOEBUUIFTUBUJPOT5IFUSVOLSPVUFTBSF
JOUFHSBUFEXJUIDPNQMFNFOUBSZCVTGFFEFSSPVUFT POXIJDIiOPSNBMw
buses operate under mixed traffic conditions, as well as with other
modes of public transport.
The buses designed for usage of BRT trunk routes have axle loading
capacities in excess of the legal permissible axle load on public roads
in South Africa (10.2t for buses), with axle load capacity of fully loaded
CVTFTPGVQUPU8IFO#35TZTUFNTPQFSBUFBUGVMMTZTUFNDBQBDJUZ 
GVMMZMPBEFECVTFTXJUITIPSUIFBEXBZT JFIJHICVTGSFRVFODJFT USBWFM
on trunk routes during peak hours. By virtue of the dedicated lanes and
the precision docking at stations, the wheel loads on the BRT pavements are applied in a channelized manner and the lateral wander of
BRT buses is much less than lateral wander of normal traffic on open
roads. The high axle loads and channelized movements of the BRT
CVTFTSFRVJSFTBTQFDJöDQBWFNFOUEFTJHOBQQSPBDIJOPSEFSUPFOTVSF
the bus lanes pavement perform satisfactory in terms of permanent deGPSNBUJPO SVUUJOH PWFSUIFGVMMTUSVDUVSBMEFTJHOQFSJPE OPSNBMMZ
years for BRT pavements).
The objective of this paper is to provide guidance to municipal engineers and pavement designers to arrive at appropriate pavement design solutions for dedicated bus lanes. In doing so a number of pertinent
design considerations will be discussed in this paper, including climatic
environment, traffic loading, pavement design and materials, as well as
certain practical considerations and limitations such as constructability,
EJTSVQUJPOUPUSBóDBOEQBWFNFOUNBJOUFOBODFSFRVJSFNFOUT
This paper will first provide a brief background on the development
of BRT systems internationally and the BRT Standard followed by a brief
background on the development of BRT systems and IRPTN’s in South
Africa over the past decade. This will be followed by a discussion of the
design considerations as referred to above and some practical considerations and limitations.

DEVELOPMENT OF BUS PUBLIC
TRANSPORT SYSTEMS
,QWHUQDWLRQDOGHYHORSPHQWV
According to Lindau et al. 2008 the first widely recognised BRT system in
the world was implemented in Curitiba, Brazil during the 1970’s. It is an
excellent example of how proper planning and land use development
can direct the future growth of a city along transportation corridors.
FIGURE 1 Channelized bus lane traffic resulting in rutting
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FIGURE 2 My CiTi system in Cape Town. Typical exclusive medianaligned BRT bus lanes

BRT station with raised platform and fare collection at the entrance of
the station

Arias et al. 2008 and Lindau et al. 2010 reported that in the 1970s, when
$VSJUJCB IBE POMZ   JOIBCJUBOUT  QMBOT GPS JNQMFNFOUJOH B MJHIU
rail transit system were prepared. The idea was aborted due to its high
capital costs. Instead, the Institute for Research and Urban Planning
of Curitiba conceived a trunk-and-feeder bus system operating along
segregated median flow lanes as the central component of axial transit
ways. This bus system was gradually upgraded until reaching the status
of the first full BRT system in the world.
(BVUIJFSSFQPSUFEJOUIBU$VSJUJCBOPXIBTBQPQVMBUJPOPGOFBSly two million inhabitants and the metropolitan area has experienced
BOBWFSBHFBOOVBMHSPXUIPGPWFSUIFQBTUZFBST)FCFMJFWFT
that the successful BRT system is at the core of the growth and land use
EFWFMPQNFOUPWFSUIJTQFSJPE)FBMTPSFQPSUFEUIBUUIFSFIBTCFFOBO
exponential increase in the total length of BRT systems after 2000 with
an increasing number of cities world-wide implementing BRT systems.

JOCPUIDJUJFTDBNFPOMJOFTIPSUMZCFGPSFUIF4PDDFS8PSME$VQ
*OUIFöOBODJBMZFBSNPSFUIBO3CJMMJPOXBTTQFOUPOSBQJE
USBOTQPSUOFUXPSLTJO4PVUI"GSJDBODJUJFT#FTJEFTUIF$JUJFTPG$BQF
Town and Johannesburg, these are Tshwane, eThekwini, Ekurhuleni,
Rustenburg, Mangaung, Nelson Mandela, Msunduzi, Polokwane, Buffalo City, George as well as the Moloto Corridor. Progress of the various
networks vary, with most of the networks having completed construction on the first phases, some already being operational, while other
are still in the planning stages. The role-out of the planned networks
are such that gradually the total length of the systems will be extended by constructing and bringing into operation the next phases of
the systems.

7KH%57VWDQGDUG
*O  UIF *OTUJUVUF GPS 5SBOTQPSUBUJPO  %FWFMPQNFOU 1PMJDZ *5%1 
published the BRT Standard. This BRT Standard was developed to create
BDPNNPOEFöOJUJPOPGCVTSBQJEUSBOTJUBOEUPSFDPHOJ[FIJHIRVBMJUZ
BRT corridors around the world. It also functions as a technical tool to
guide and encourage municipalities to consider the key features of
the best BRT corridors as they move through the design process (ITDP,
2016).
In accordance with the BRT standard, there are five basic criteria that
BRT systems should comply with in order to be recognised as such.
5IFTFBSF &YDMVTJWFCVTMBOFT  .FEJBOBMJHOFEJOGSBTUSVDUVSF  /P
DPOøJDUJOHNPWFNFOU1SJPSJUZBUJOUFSTFDUJPOT  0òCPBSEGBSFDPMMFDUJPOBOE -FWFMCPBSEJOH FMFWBUFETUBUJPOQMBUGPSNT 
The ITDP also developed a BRT Scorecard and recognises systems
world-wide that are accredited with gold, silver and bronze BRT standards. This scorecard takes into account six categories (BRT Basics, Service Planning, Infrastructure, Stations, Communications and Access and
Integration) with penalty deductions for non-optimal operations e.g.
PWFSDSPXEJOH MPXPQFSBUJOHTQFFET MPXCVTGSFRVFODJFT FUD
A typical example of the exclusive BRT bus lanes that are in the centre
of the road space is shown in Figure 2 below. This figure also shows a
good example of a BRT bus station, with an elevated platform facilitating level boarding and with ticketing and fare collection at the entrance
of the BRT station.
'HYHORSPHQWVLQ6RXWK$IULFD
Cape Town and Johannesburg were the first cities to implement IRPTNs
SFTQFDUJWFMZCSBOEFEi.Z$J5JwBOEi3FB7BZBw5IFFBSMZQJMPUQIBTFT
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CLIMATIC ENVIRONMENT
The climatic environment of the project area affects the performance
of the pavement materials as well as the performance of the pavement
structure in general. Normal environmental design inputs are prevailing
air temperatures (minima and maxima), surface temperatures, annual
rainfall and rainfall pattern (summer vs winter rainfall area).
There is no difference in dealing with the macro-climatic region of the
project area for a BRT pavement design compared to pavement design
for normal road pavement structures and therefore the normal design
QSPDFEVSFTBQQMZ5IFTFXFSFEFWFMPQFECZ8FJOFSU  BOECBTFE
POUISFFNBDSPDMJNBUJDSFHJPOTJO4PVUI"GSJDBCBTFEPOUIF8FJOFSU
/WBMVF JFESZ /Ż NPEFSBUF /Ż BOEXFU / UIBUBSF
of significance for road engineering. The South African National Roads
Agency SOC Ltd (SANRAL) published the South African Pavement ManVBM JO  JO XIJDI JU TUBUFT UIBU UIF 5IPSOUIXBJUFT .PJTUVSF *OEFY
provides a more sensitive differentiation in climatic regions than the
8FJOFSU/WBMVFXJUIBOJOUFSQSFUBUJPOJOUPöWFDMJNBUJDSFHJPOTSBOHing for arid to humid.
The performance of hot mix asphalt surfacing layers are largely affected by the temperature conditions and Viljoen (2001) and DenneNBO B BOE C 8IFSFBT UIJT IPMET USVF GPS UIF EFTJHO PG BTQIBMU
pavements under normal traffic loading, it is especially important for
the design of BRT pavements where the performance of hot mix asphalt
surfacing layers is more critical in terms of resistance to permanent deformation because of the high wheel loads and channelized traffic (refer
Figure 1 discussed earlier). It is therefore recommended that pavement
designers carefully analyse expected surface temperature conditions
of BRT pavements and accordingly select the most appropriate binder
type for the proposed asphalt mix.
The performance of concrete pavements is affected by the daily temperature cycle, i.e. the difference between the daily maximum and
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FIGURE 3 My CiTi BRT system. Standard bus

Articulated bus

minimum temperatures. This parameter is therefore one of the input
parameters for the design of concrete pavements and needs to be evaluated by the pavement designer prior to the design of BRT pavements.

BUS TRAFFIC LOADING
7\SHVRIEXVHV
Broadly speaking there are three types of buses operating on BRT systems and IRPTN’s. These are:
t4UBOEBSECVT BQQSPYJNBUFMZNJOMFOHUI
t"SUJDVMBUFECVT oNJOMFOHUIBOE
t'FFEFSMJOFNJOJCVT BQQSPYJNBUFMZNJOMFOHUI
*MMVTUSBUJPOT PG UIFTF CVT UZQFT BSF TIPXO JO 'JHVSF  BCPWF  6TVBMMZ
articulated buses only operate on BRT trunk routes and mini buses only
on complementary feeder routes in mixed traffic. The standard buses
operate both on trunk and complementary routes.
5ZQJDBM EBUB BOE PUIFS TQFDJöD EBUB SFRVJSFE GPS UIF EFTJHO PG #35
pavement structures is summarised in Table 1.
Mercedes and Marcopolo have in recent years launched their latest
models in terms of high capacity buses. The CapaCity from Mercedes is
NJOMFOHUIBOEJTDBQBCMFPGDBSSZJOHVQUPQBTTFOHFST XJUIB
larger component of standing passengers for shorter urban trips), while
UIF .BDSPQPMP7JBMF #35 CVT TFF 'JHVSF   TQFDJöDBMMZ BJNFE BU #35
TZTUFNT JTNJOMFOHUIBOEDBOBDDPNNPEBUFVQUPQBTTFOHFST
(with a large component of seated passengers).
7\UHSUHVVXUHDQGPD[LPXPZKHHOORDGV
"UZQJDBMUZSFVTFEPOCVTFTJTUIF3Y TFF'JHVSF 5IJT
UZSFJTöUUFEPOCVTSJNTUIBUBSFw NN JOEJBNFUFS5IFXJEUI
TABLE 1 Bus type data sheet

Mini bus
PGUIFUZSFJTNNBOEUIFSFDPNNFOEFEPQFSBUJOHUZSFQSFTTVSFJT
 L1B5IF UZSF QSFTTVSF JT BO JNQPSUBOU EFTJHO QBSBNFUFS JO QBWFment design as the contact stress on the pavement surface is assumed
UPCFFRVBMUPUIFUZSFQSFTTVSF
5IFNBYJNVNXIFFMMPBEDBQBDJUZPGUIJTUZSFJTUXIFOVTFE
JOBTJOHMFXIFFMDPOöHVSBUJPOBOEUXIFOVTFEJOBEVBMXIFFM
configuration. It follows that, in terms of the maximum load rating of
the tyres the maximum axle load on a single wheel configuration axle is
UBOEPOBEVBMXIFFMDPOöHVSBUJPOBYMFU*UTIPVMECFOPUFE
that in some instances the maximum tyre load rating could be limiting
the total axle load, even though the axle may be designed for a slightly
higher axle load rating.
%XVRFFXSDQF\OHYHOV
Bus occupancy levels are critical in the determination of the traffic loading of BRT buses on the pavement. It can be seen in Table 1 that the axle
MPBETPGBOFNQUZCVTJTBNBYJNVNPGUGPSUIFESJWFBOEUSBJMFSBYles. Full buses, on the other hand, have axle loads in excess of the legal
permissible axle loads on public roads in South Africa.
The evaluation of transport needs, in terms of daily commuter and
passenger numbers, and the determination of matching BRT system
BOE *315/ DBQBDJUZ XJMM EJDUBUF UIF SFRVJSFE CVT GSFRVFODJFT BOE CVT
types (standard or articulated buses on trunk routes). This forms part of
transportation planning and the discussion thereof is outside the scope
of this paper.
During the planning stage of a BRT system or IRPTN it is necessary to
determine the financial viability of the capital investment in the new
infrastructure. Positive rate of returns are at the basis of the economical decision to proceed with the infrastructure investments and high
passenger volumes and transportation needs results in higher rates of

Description

Standard bus

Articulated bus

Mini bus

Typical chassis supplier

Volvo B7R or Scania F-type

Volvo B12M or
Scania K-type

Optare
Optare Solo

Typical coach supplier

Marcopolo

Marcopolo

Total passenger capacity [pax]

75

120

54

Seating capacity [pax]

45

55

33

Typical length [m]

12.0

16.5 – 18.0

9.0

GVM [t]

19.5

30.0

11.3

No. of axles

2

3

2
single, dual wheel

Drive axle configuration

single, dual wheel

single, dual wheel

Trailer axle configuration

n/a

single, dual wheel

n/a

Steering axle load (max/empty) [t]

7.1 / 3.0

7.5 / 3.0

3.8 / 2.4

Drive axle load (max/empty) [t]

12.0 / 7.5

12.0 / 7.5

8.0 / 2.2

Trailer axle load (max/empty) [t]

n/a

10.5 / 7.5

n/a

Tyres

295/80R x 22.5

295/80R x 22.5

215/75R x 17.5
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FIGURE 4 Macropolo Viale BRT bus
return. Therefore, at the planning stage high passenger volumes benefit the economic viability of the BRT and IRPTN
projects. During the design and construction stage on
UIF PUIFS IBOE  IJHI CVT GSFRVFODZ BOE
occupancy levels result in a higher cost FIGURE 5
3Y
PGSFRVJSFEJOGSBTUSVDUVSFBOEQBSUJDVMBSMZ

the cost of the pavement structure. This
in turn reduces the economic viability of
the projects. It is therefore important that at an early
stage of the project, i.e. the planning stage, the transportation planners and the design engineers work
closely together to arrive at the optimum balance of
system capacity.
It is important to note that one cannot assume that
all buses that operate on the system network are always
100% full. From experience, the author concludes that there
is a tendency to ignore or to overestimate bus occupancy levels. This has a significant effect on the total estimated traffic loading
on BRT pavements. For example, on a typical radial BRT trunk route
in a South African situation between a CBD area and an outer-lying
residential area buses would be operating close to full capacity during the morning peak in the direction of the CBD, but close to empty
capacity in the opposite direction outer-lying residential areas. The
TABLE 2"YMFMPBET TUFFSJOHESJWFUSBJMFS
Articulated bus

Mini bus

19.5

30.0

11.3

9.0

12.0

6.7

Description

Standard bus

Max GVM [t]
Max payload [t]
100% full

7.5 / 12.0 / -

7.0 / 11.5 / 11.5

3.4 / 7.9 / -

75% full

6.4 / 10.9 / -

6.0 / 10.5 / 10.5

3.2 / 6.5 / -

50% full

5.3 / 9.8 / -

5.0 / 9.5 / 9.5

2.9 / 5.0 / -

25% full

3.6 / 9.2 / -

4.0 / 8.5 / 8.5

2.7 / 3.6 / -

empty

3.0 / 7.5 / -

3.0 / 7.5 / 7.5

2.4 / 2.2 / -

Description

Standard bus

Articulated bus

Mini bus

100% full

5.4

8.5

0.9

75% full

3.5

5.8

0.4

50% full

2.2

3.8

0.16

25% full

1.7

2.4

0.05

empty

0.7

1.5

0.01

TABLE 3/PPGFRVJWBMFOUL/TJOHMFBYMFMPBET &4"- QFSCVT
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opposite holds true during the afternoon peak.
Therefore, while the number of buses travelling
in each direction may be similar on a radial
trunk route, the occupancy levels and the resulting traffic loading on the BRT pavements
differs significantly.
Information on the expected bus occupancy levels is normally not provided in
great detail during the planning stage and
it is therefore necessary for the pavement
designer to make certain assumptions on
occupancy levels per direction during the
morning peak, the off-peak periods and the
afternoon peak. The effect hereof is discussed in the following axle
MPBEFRVJWBMFODZGBDUPSTFDUJPO
6WDQGDUGD[OHORDGHTXLYDOHQF\IDFWRU
It is preferred to undertake mechanistic pavement design using the actual axle load spectrum expected on the BRT pavements. Various pavement design software packages have this
functionality, e.g. cncPave developed by the Concrete Institute. In the absence of such functionality the actual axle loads
PG UIF CVTFT DBO CF DPOWFSUFE UP BO FRVJWBMFOU OVNCFS PG
80 kN standard axle loads (ESAL) per bus by determining the
MPBE FRVJWBMFODZ GBDUPS QFS BYMF VTJOH &RVBUJPO  JO BDDPSEBODFXJUIESBGU53) %FQBSUNFOUPG5SBOTQPSU  BOE
TVCTFRVFOUMZEFUFSNJOJOHUIFBHHSFHBUFPGUIFFRVJWBMFODZGBDtors of all axles of the bus.
*OPSEFSUPEFUFSNJOFUIFMPBEFRVJWBMFODZGBDUPSQFSBYMF UIFBYMF
loads at the various bus occupancy levels need to be determined first.
This information is often not readily available pending decisions with
regard to procurement of the buses and coaches. Typical axle loads at
varying occupancy levels are provided in Table 2 and should be used
as a guideline.
6TJOHUIFBYMFMPBETBTTIPXOJO5BCMFBOE&RVBUJPOUIFOVNCFSPG
&4"-TQFSCVTDBOCFEFUFSNJOFEBOEUIFTFBSFTVNNBSJTFEJO5BCMF
*UJTOPUFEBSFMBUJWFEBNBHFFYQPOFOUPGJTVTFEUPEFUFSNJOF
the ESALs. This is a generally accepted value for flexible pavements.
'PSDPODSFUFQBWFNFOUBIJHIFSSFMBUJWFEBNBHFGBDUPSPGVQUP
is often used. In the worst case scenario this would result in 11.6
&4"-TQFSGVMMBSUJDVMBUFECVTBOE&4"-TGPSBGVMM
standard bus (on concrete pavements).
From the above table it can be seen that there is a significant difference in the contribution of full vs partially full or empty buses
in terms of the traffic loading on BRT pavements. The cumulative
FòFDUPOUIFUPUBMUSBóDMPBEJOHPWFSBZFBSTUSVDUVSBMEFTJHO
period for BRT pavements is very significant.
As an example to illustrate the above, on a certain section of the
Ekurhuleni IRPTN trunk route between Tembisa and Kempton Park
UIF FYQFDUFE OVNCFS PG BSUJDVMBUFE CVTFT JT BQQSPYJNBUFMZ 
QFSEBZQMVTBOBEEJUJPOBMTUBOEBSECVTFT5IFDVNVMBUJWFUSBGöD MPBEJOH PWFS B  ZFBS EFTJHO QFSJPE XBT EFUFSNJOFE CZ UIF
pavement design engineers to be 21 million ESALs, assuming that
PGBMMCVTFTXJMMCFGVMM PGBMMCVTFTIBMGGVMMBOEUIF
SFNBJOJOHOFBSMZFNQUZ GVMM *OUIFDBTFUIBUBMMCVTFT
would be 100% full at all times, the cumulative traffic loading over
ZFBSTXPVMEJODSFBTFCZUPNJMMJPO&4"-T
In this regard it should be noted that a bus is only 100% full if all
seats are taken and all remaining standing space in the aisle is also
fully occupied. From Table 1 it can be seen that even when all seats
on an articulated bus are taken (and the bus looks full because there
BSFOPNPSFBWBJMBCMFTFBUT UIFCVTJTPOMZöMMFEUPPGJUT̓DBQBDJUZ
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FIGURE 6 Graphical presentation of estimated daily pavement temperature fluctuations at different depths below the surface.

BRT PAVEMENT DESIGNS
The author has since 2008 been involved in developing BRT pavement
designs for the Johannesburg Rea Vaya, the Rustenburg Yarona, the
F5IFLXJOJ(P%VSCBOBOEUIF&LVSIVMFOJ)BSBNCFF5IFTFJODMVEFCPUI
flexible pavements (asphalt with and without binder modification) and
rigid pavements (continuously reinforced concrete pavements). These
designs are briefly discussed in the following sections to provide the
reader with an overview of typical BRT pavements designs in relation to
total daily bus volumes, type of buses, and the estimated number of total
cumulative ESALs.
-RKDQQHVEXUJ5HD9D\D
Part of the City of Johannesburg’s Rea Vaya BRT System was the upgrading, Portland Perth to Jan Smuts Avenue to provide new bus
MBOFTPO4FDUJPOPG1IBTF" XIJDIUPPLQMBDFCFUXFFOBOE
2010. The work in this section entailed the widening of approximately
LNPGUIFFYJTUJOHEVBMDBSSJBHFXBZSPBEUPBDDPNNPEBUFUIFOFX
BRT lanes and BRT stations located in the median area.
*UXBTFTUJNBUFEUIBUBUPUBMPGTUBOEBSECVTFTBOEBSUJDVlated buses would be travelling on this section daily in each direction
(with a headway of 2 minutes during the peak periods). At the time
the number of ESALs per bus was determined to be 11.8 for the articulated buses and 8.7 for the standard buses. In hindsight, comparing
UIFTFWBMVFTXJUIUIFWBMVFTQSPWJEFEJO5BCMF UIJTXBTBDPOTFSWBtive determination. The structural design period for this section was
20 years and the estimated cumulative traffic loading over this period
was between 18 and 20 million ESALs.
A mechanistic pavement design procedure was carried out and
the following pavement structure was recommended for the new
BRT lanes:
tNNCJUVNFOSVCCFSDPOUJOVPVTMZHSBEFEBTQIBMUTVSGBDJOH
tNNBTQIBMUCBTFXJUIBNPEJöFECJOEFS
tNN$DFNFOUTUBCJMJ[FEVQQFSTVCCBTF
tNN$DFNFOUTUBCJMJ[FEMPXFSTVCCBTF
tNN(TFMFDUFETVCHSBEFMBZFS
t*OTJUV(SPBECFENBUFSJBM
The operating temperatures for the new pavement were evaluated
VTJOHUIFi5IFSNBMQBETwQSPHSBNNF XIJDIJOEJDBUFEUIBUUFNQFSBUVSFTBTIJHIBT¡$BUUIFTVSGBDFUP¡$BUUIFCPUUPNPGUIFBTphalt surfacing layer could be expected. This is illustrated in Figure 6.
It was expected that a standard bitumen binder would not perform
satisfactorily at these prevailing asphalt temperatures and therefore a

bitumen-rubber modified bitumen binder was recommended for the
surfacing and an A-E1 or A-P1 modified binder for the asphalt base.
5XVWHQEXUJ<DURQD
The first section of the Rustenburg Yarona IRPTN that was constructed
XBTUIF'BTU5SBDL4FDUJPOPG$POUSBDU"GSPNLN VQUPLN
 BMPOH4XBSUSVHHFOT3PBE 31 $POTUSVDUJPOUPPLQMBDF
CFUXFFOBOE
5IF BWFSBHF EBJMZ CVT OVNCFST QSPWJEFE CZ UIF QMBOOFST XFSF 
TUBOEBSECVTFTBOEBSUJDVMBUFECVTFT0GUIFTFJUXBTBTTVNFEUIBU
TUBOEBSECVTFTBOEBSUJDVMBUFECVTFTXPVMECFGVMMUPGVMM 
XJUIUIFSFNBJOEFSEJWJEFEJOUPUPGVMMBOEUPGVMMDBUegories. At the time the number of ESALs per bus was determined to be
GPSBGVMMBSUJDVMBUFECVTBOEGPSBGVMMTUBOEBSECVT5IFTUSVDUVSBM
EFTJHOQFSJPEGPSUIJTTFDUJPOXBTZFBSTBOEUIFFTUJNBUFEDVNVMBUJWF
USBóDMPBEJOHPWFSUIJTQFSJPEXBTBQQSPYJNBUFMZNJMMJPO&4"-T
%VFUPUIFZFBSTTUSVDUVSBMEFTJHOQFSJPE UIFIJHIFYQFDUFEQBWFment temperatures in the Rustenburg area and the maximum axle loads
expected to be as high as 12.2t a concrete pavement was preferred. The
cncPave software package was used to design a continuously reinforced
concrete pavement (CRCP) for the BRT lanes as follows:
tNN$3$1 .1BøFYVSBMTUSFOHUI XJUI:IJHIUFOTJMFSFJOGPSDJOHCBSTQMBDFEBUNNDFOUSFT
tNN$DFNFOUTUBCJMJ[FEVQQFSTVCCBTF
tNN$DFNFOUTUBCJMJ[FEMPXFSTVCCBTF
tNN(TFMFDUFETVCHSBEFMBZFS
t*OTJUVSPBECFENBUFSJBM
H7KHNZLQL*R'XUEDQ
The Go!Durban IRPTN in eThekwini involves inter alia the design and construction of a network of BRT routes. This section deals with BRT Line C1A,
which runs on the northern side of the Umgeni River from the intersecUJPOPG*OBOEB3PBEBOE%VNJTBOJ.BLIBZF%SJWF QSFWJPVTMZ.3 BU
SV 7+700 to Sea Cow Lake Road (formerly Old North Coast Road) at SV
  BEJTUBODFPGLN
Detailed information on the type of buses and the estimated number
of buses on the BRT route was determined during the preliminary design
phase by other consultants. An articulated bus with a 7.2t steering axle,
UESJWFBYMFBOEUUSBJMFSBYMFXBTTQFDJöFEGPSBGVMMZMPBEFEDPOEJUJPO"ZFBSEFTJHOQFSJPEXBTTQFDJöFEXJUIBZFBSJOJUJBMEFWFMPQNFOUQFSJPEPGBOOVBMHSPXUIJOCVTUSBóDBOEUIFZFBSGVMM
demand period. During the latter period a one minute headway was estimated during the peak periods and a five minute headway during off-peak
QFSJPET SFTVMUJOHJOBUPUBMPGBSUJDVMBUFECVTFTQFSEBZ"OBTTVNQUJPO
XBTNBEFUIBUQFSEBZPGUIFCVTFTXPVMECFGVMMBOEIBMGGVMM5IF
number of ESALs per bus was determined to be 10.1 for a full articulated
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CVTBOEGPSBIBMGGVMMBSUJDVMBUFECVT5IFFTUJNBUFEDVNVMBUJWFUSBóD
MPBEJOHPWFSUIFEFTJHOQFSJPEXBTFTUJNBUFEUPCFBQQSPYJNBUFMZ
million ESALs. The design for this section of the Go!Durban IRPTN was recently completed and construction has not yet commenced.
Both rigid and flexible pavement design options were considered.
8IJMFEVFUPUIFIJHIOVNCFSPGDVNVMBUJWFUSBóDMPBEJOHBSJHJEQBWFment would be a good alternative, the client for various reasons favoured
a flexible pavement design option incorporating a high modulus asphalt
base using an EME asphalt (Enrobé à Module Élevé, which is French for
mix with a high modulus).
The flexible pavement design option was analysed using the Rubicon
Toolbox software. A stiffness modulus of 9000 MPa was used for the high
modulus asphalt base in these analyses, which was considered to be conTFSWBUJWFBTBNPEVMVTPGBUMFBTU.1BJTTUBUFECZUIF4PVUI"GSJDBO#JUVNFO"TTPDJBUJPO 4"#*5"  JOJUT.BOVBMi*OUFSJN%FTJHO
1SPDFEVSFGPS)JHI.PEVMVTBTQIBMU.JYFTw5IFDIPTFOTUJòOFTTNPEVlus of 9000 MPa is significantly higher than a generally accepted stiffness
NPEVMVT PG  .1B GPS B OPSNBM BTQIBMU CBTF BOE CFDBVTF PG UIJT B
considerable reduction in thickness design of the asphalt base can be
achieved. The recommended pavement structure for the new BRT lanes
was as follows:
tNNBTQIBMUTVSGBDJOH
tNNIJHINPEVMVTBTQIBMUCBTF NJO.1B
tNN$DFNFOUTUBCJMJ[FETVCCBTF
tNN(VQQFSTFMFDUFETVCHSBEFMBZFS
tNN(MPXFSTFMFDUFETVCHSBEFMBZFS
t*OTJUV(SPBECFENBUFSJBM
(NXUKXOHQL+DUDPEHH
Following an earlier planning phase, the Ekurhuleni Metropolitan MuOJDJQBMJUZDPNNFODFEJOXJUIUIFEFTJHOPGUIF1IBTF"PGUIF
)BSBNCFF*315//PSUI4PVUI$PSSJEPS1IBTF"TUSFUDIFTGSPN5FNCisa in the north to OR Tambo International Airport in the south with a total length of approximately 16 km. Phase 1A is divided into 7 areas and
UIJTTFDUJPOEFBMTXJUIUIFQBWFNFOUEFTJHOGPS"SFBBOE" XIJDI
is a section of trunk route along Andrew Mapheto Drive carrying the
highest bus traffic loading. The design of this section was completed in
BOEDPOTUSVDUJPOJTXFMMVOEFSXBZ UPCFDPNQMFUFECZUIFFOE
of 2016).
"EBJMZUPUBMPGBSUJDVMBUFECVTFTBOETUBOEBSECVTFTXBTFTUJmated per day per direction based on a 2 minute headway during peak
periods and a 12 minute headway during off-peak periods. The number
of ESALs per bus was determined to be 8.0 for a full articulated bus and
GPSBGVMMTUBOEBSECVT*UJTOPUFEUIBUUIFTFWBMVFTDPNQBSFXFMMXJUI
UIFWBMVFTBTQFS5BCMF"OBTTVNQUJPOXBTNBEFUIBUPGBMMCVTFT
XPVME CF GVMM   IBMGGVMM BOE  OFBSMZ FNQUZ  GVMM  'PS UIF
TUSVDUVSBMEFTJHOQFSJPEPGZFBSTUIFUPUBMDVNVMBUJWFUSBóDMPBEJOH
was estimated at 21 million ESALs.
Based on favourable price comparison between the rigid pavement
design option and the flexible pavement design option (this price information was available from as-and-when construction tenders that were
called for prior to the completion of the final designs) the following rigid
pavement design option was selected (this is a similar pavement design
to the one discussed above for Yarona):
tNN$3$1 .1BøFYVSBMTUSFOHUI SFJOGPSDFEXJUI:IJHIUFOTJMFSFJOGPSDJOHCBSTQMBDFEBUNNDFOUSFT
tNN$VQQFSTUBCJMJTFETVCCBTFMBZFSDPNQBDUFEUPPGNPEJöFE""4)50EFOTJUZ
tNN$MPXFSTUBCJMJTFETVCCBTFMBZFSDPNQBDUFEUPPGNPEJöFE""4)50EFOTJUZ
NN(RVBMJUZTFMFDUFETVCHSBEFMBZFSDPNQBDUFEUPPGNPEJöFE""4)50EFOTJUZ
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,QVLWXVXEJUDGHFRPSDFWHGWRRIPRGLÀHG$$6+72GHQVLW\
5IFSJHJEQBWFNFOUEFTJHOPQUJPOXBTEFWFMPQFEVTJOHDOD1"7&7
QSPHSBNNF8JUIUIFCFTUTVCCBTFTVQQPSUBDIJFWBCMF XJUIJOQSBDUJDBM
and economic considerations, the concrete thickness and reinforcement
RVBOUJUZ XFSF EFUFSNJOFE 5IJT UPPL QMBDF JO WBSJPVT JUFSBUJPOT UP
ensure that the desirable crack spacing is obtained and that the future
maintenance costs are kept well within acceptable limits. The two main
parameters of continuously reinforced concrete pavement used for
design purposes are the crack spacing (X, m) and the percentage of
TIBUUFSFE DPODSFUF 4)   BU UIF FOE PG UIF EFTJHO MJGF "O FYBNQMF PG
the cncPave design outputs for the concrete pavement design option is
shown in Figure 7.
It can be seen that the crack spacing to be expected is in the order of
1.7 – 1.8 m. For good structural performance the desirable crack spacJOH JT CFUXFFO  N BOE  N5IFSFGPSF  JO UFSNT PG FYQFDUFE DSBDL
spacing the proposed pavement design is satisfactory. The percentage
of concrete that is expected to be shattered at the end of the structural
EFTJHOQFSJPE JFZFBST JTCFUXFFOBOE*UJTOPUFEUIBU
UIFSBOHFPGoJTEFFNFEUPCFBDDFQUBCMF XJUITIBUUFSFEBSFBT
PGNPSFUIBOCFJOHEFFNFEFYDFTTJWF5IFSFGPSF BMTPJOUFSNTPG
shattered concrete the proposed pavement design is satisfactory.

PRACTICAL CONSIDERATIONS AND LIMITATIONS
5LJLG FRQFUHWH SDYHPHQWYVÁH[LEOH DVSKDOW SDYHPHQW
Concrete pavements generally have a longer structural design life with
MFTT NBJOUFOBODF SFRVJSFE EVSJOH UIF JOTFSWJDF MJGF5IF VMUJNBUF MPBE
carrying capacity of concrete pavements is also higher than that of asQIBMU QBWFNFOUT #35 QBWFNFOUT BSF HFOFSBMMZ EFTJHOFE GPS  ZFBST
and carry high volumes of heavy bus traffic and therefore concrete pavements are ideally suited for BRT lanes.
Concrete pavements, however, are more expensive to construct iniUJBMMZ $PODSFUF QBWFNFOUT SFRVJSF MPOHFS DPOTUSVDUJPO QFSJPE BOE BSF
ideally constructed in longer uninterrupted sections. Long and straight
sections of BRT lanes, typically on BRT trunk routes radiating out of a CBD
area, are therefore ideal for concrete pavements.
'MFYJCMF QBWFNFOU EFTJHO PQUJPOT  PO UIF PUIFS IBOE  SFRVJSF TJHOJöcantly less construction time and are easier to construct, particularly in
busy CBD areas with many curves and corners, restricted working space
BOENPSFTUSJOHFOUUSBóDBDDPNNPEBUJPOSFRVJSFNFOUT'MFYJCMFQBWFments are also preferred in CBD areas in terms of future geometric imQSPWFNFOUTBOEXIFOSFRVJSFEBSFHFOFSBMMZFBTJFSUPSFQBJS
There is, however, no fixed decision-based model that one can apply to the choice between concrete and asphalt pavements for BRT
lanes. Instead each project case needs to be evaluated on its own
merits and with its own weighting assigned to the various decision
criteria. It should be noted, however, that the final choice is not necessarily for the option with the lowest cost or the highest structural capacity, but often a trade-off between economic, structural, practical and
constructability considerations.
%57SDYHPHQWVDWEXVVWDWLRQV
Particularly at the bus stations, where the BRT buses dock at the station
platforms, the wheel loading is extremely channelized and slow moving.
Under slow moving traffic the resilient response of asphalt is much lower
than under high speed movement, making the asphalt more susceptible
to permanent deformation. This in combination with the high shear forces exerted on the surfacing by the breaking and accelerating movements
PGUIFCVTFTSFRVJSFTUIBUTQFDJöDBUUFOUJPOCFHJWFOUPUIFEFTJHOPGUIF
surfacing layer at stations.
A concrete pavement is ideally suited to withstand the slow moving
channelized heavy wheel loads and the shear forces. The concrete pavement could either be a short section of CRCP (in case the remainder of the
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BRT lane is not constructed with a CRCP) or jointed concrete pavement
(JCP). The advantage of JCP is that it is easier to construct over a short
TFDUJPO CVUUIFEJTBEWBOUBHFJTUIBUUIFKPJOUTSFEVDFUIFSJEJOHRVBMJUZ
BOESFRVJSFNPSFNBJOUFOBODF TQFDJöDBMMZEVSJOHUIFMBUUFSQBSUPGUIF
service life.
It is not recommended to construct a normal asphalt wearing course
at bus stations. Even with binder modification, the satisfactory performance of an asphalt surfacing at bus stations is not guaranteed. A possiCMFIZCSJEPGBTQIBMUBOEDPODSFUFJTBNNPQFOHSBEFEBTQIBMU WPJE
DPOUFOUo PGXIJDIUIFWPJETBSFöMMFEXJUIBSFTJONPEJöFEDFment grout. This provides a durable and rigid surfacing at the bus stations that is able to withstand high shear forces and slow moving wheel
loads. This type of surfacing was successfully applied at bus stations
on the section of the Johannesburg Rea Vaya discussed above and is
performing satisfactory.
%57SDYHPHQWVDWLQWHUVHFWLRQV
Traffic accommodation at intersections can be a major cause of disrupUJPOTBUMBSHFSJOUFSTFDUJPOTJOBOVSCBOFOWJSPONFOU5IFUJNFSFRVJSFE
to construct a concrete BRT pavement through an intersection is sigOJöDBOUMZ MPOHFS UIBO GPS BTQIBMU QBWFNFOUT BOE XPVME SFRVJSF UIF
median part of the intersections to be closed for a number of weeks.
This may prove to be extremely impractical, if not impossible. As an alternative to concrete pavements, it is recommended that flexible pavements with thick asphalt bases be considered at intersections in lieu of
concrete pavements.
In the Cape Town CBD the intersections of the MyCiTi system were constructed with 270 mm asphalt base with A-P1 binder modification, placed
JOUISFFMJGUTPGNNFBDI BOEBNNBTQIBMUXFBSJOHDPVSTFXJUI
"&CJOEFSNPEJöDBUJPO0OUIFTFDUJPOPGUIF)BSBNCFFJO&LVSIVMFOJ
discussed above the CRCP BRT lanes were discontinued at intersections
BOESFQMBDFEXJUIBUIJDLBTQIBMUCBTF XJUIQFOFUSBUJPOHSBEFCJUVNFO BOEBNNBTQIBMUXFBSJOHDPVSTFXJUI"&NPEJöFECJOEFS
These types of pavement structures can be constructed over two weekends, i.e. one weekend for the asphalt base and one weekend for the
asphalt surfacing, with trafficking over the completed base during the
interim period.

CONCLUSIONS
This paper provides a brief historic background to BRT systems. An
exponential increase in total BRT system length was observed after
2000. In South Africa the first BRT systems and IRPTN’s became operational in Cape Town and Johannesburg shortly before the 2010 Soccer
8PSME$VQ XIJMFDVSSFOUMZ#35TZTUFNTBOE*315/BSFCFJOHSPMMFEPVU
JOBUMFBTUDJUJFTBOENFUSPQPMJUBOBSFBTJO4PVUI"GSJDB
Typical axle loads at varying occupancy levels for standard buses, arUJDVMBUFECVTFTBOEGFFEFSCVTFTBOEUIFBTTPDJBUFEOVNCFSPGFRVJWalent standard axle loads per bus are provided in this paper, which can
be used as a guideline by pavement designers. It is concluded that
there is a tendency to ignore or to overestimate bus occupancy levFMT8IJMFUIFOVNCFSPGCVTFTUSBWFMMJOHJOFBDIEJSFDUJPOPOBSBEJBM
trunk route may be similar, the occupancy levels during morning and
afternoon peak periods and the resulting traffic loading on the BRT
pavements differs significantly.
If this is not taken into account, it has a significant effect on the total
estimated traffic loading on BRT pavements. It is therefore important
that at an early stage of the project, i.e. the planning stage, the transportation planners and the design engineers work closely together to
arrive at the optimum balance of system capacity.
Pavement designs developed for four major BRT systems in South
Africa are discussed in this paper. These include concrete pavements,
asphalt pavements and the use of high modulus asphalt. Details

XJUI SFHBSE UP CVT PDDVQBODZ MFWFMT BOE CVT FRVJWBMFODZ GBDUPST
adopted in these designs are provided, as well as the cumulative trafGJD MPBEJOH  XIJDI SBOHFT GSPN  UP  NJMMJPO &4"-T5IJT JOGPSNBtion can be used by pavement designers as a reference for other BRT
pavement designs.
8JUI SFHBSE UP QBWFNFOU EFTJHO GPS #35 MBOFT  QBWFNFOU EFTJHOFST
need to carefully consider that the performance of hot mix asphalt surfacing layers is significantly affected by the temperature conditions. Especially for the design of BRT pavements it is important to carefully evaluate
expected pavement temperatures and to select appropriate binders to
provide sufficient resistance to permanent deformation under the high
wheel loads and channelized traffic.
It should furthermore be noted that there is no fixed decision-based
model that one can apply to the choice between concrete and asphalt
pavements for BRT lanes and each project case needs to be evaluated on
its own merits and with its own weighting assigned to the various decision criteria.
Pavement designers should also give specific attention to the design of
the surfacing layer at bus stations. A concrete pavement is ideally suited
to withstand the slow moving channelized heavy wheel loads and the
shear forces at stations, but an open graded asphalt filled with a resinmodified cement grout provides a good alternative.
Practical considerations may also influence the choice of pavement
type. E.g. traffic accommodation at intersections in CDB areas can be a
major cause of disruptions and it is recommended that flexible pavements with thick asphalt bases be considered at intersections in lieu of
concrete pavements due to the significantly short construction period
which typically can take place over two weekends.
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