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BRT AND PUBLIC TRANSPORT NETWORIKRAVEMENT
DESIGN CONSIDERATIONS FOR BUS LANES

i“p DR LUCAS<JAN EBELS
MVDBTFIVXQ DP [B

ABSTRACT
us Rapid Transit (BRT) systems or Integrated RBpldlic Trans-
Bport Networks (IRPTN) are being rolled out in Southic in at
MFBTU

only operate on their dedicated trunk routes. Tickegy and fare col-
MFDUJPO UBLFT QMBDF iP0o C BB B8 \BOLE BV UFH
JOUFHSBUFE XJUI DPNQMFNFOUKS$XDCYOPG NBR
buses operate under mixed trasc conditions, as we#s with other

modes of public transport.

5SBOTQPSUBUJPO %JIJWJTJPO )FBE 6 8Thé&BuSet dddigned fdr usage of BRT trunk routesehaxle loading

capacities in excess of the legal permissible akiad on public roads
in South Africa (10.2t for buses), with axle loaapacity of fully loaded
CVTFT PG VQ UP U 8IFO #35 WMZTDFOANPQBEQGBEL
GVMMZ MPBEFE CVTFT XJUI TYARSGSIFBEXBZIFT R
on trunk routes during peak hours. By virtue of tidedicated lanes and

NFUSPQPMFT BOE MB S®B® MNNVKOKE peeddibd dackiig dtSskabNorB, the wheel loadsh dhe BRT pave-

EFTIJHO QFSTQFDUJWF UIF EFTSHIO TRG A & DC 8@t pplied iR R Yhannelized manner and tredral wander of

tion due to the high number of wheel load repetition that are applied

BRT buses is much less than lateral wander of ndrtreec on open

JO B DIBOOFMJ[FE NBOOFS 8IFFHEWPBE TC ? B @ad8F AneFgA dxléHloads and channelized movemenfsthe BRT

MPBET PG VQ UP U
DZ GBDUPS PG VQ UP
loads at varying occupancy levels for standard busadijculated buses

" GVMMZABM™BBEFEMES ER BUWBMFOFRWIUSFT B TQFDJ6D QBWFRE QP EFROTTIIHSF
FRVJWBMF O 5 ZIQUIB@HBHB BEudihbsmhakeREEpPErform satisfactory in terrmbpermanent de-

GPSNBUJPO SVUUJOH PWFS QFBJPEM D PTSNSB/NDN

BOE GFFEFS CVTFT BOE UIF BTTEPPWBE B UFEUGBG @EsEdE BRGpavémedtyy.

axle loads per bus are provided in this paper and sieecan be used by
pavement designers as guidance.

This paper evaluates a number of pavement designtiops that were
developed for inter alia the Johannesburg Rea Vay&, Rustenburg Ya-
SPOB UIF F5IFLXJOJ (P %VSCBOBNIHRIB
include both !exible pavements (asphalt with and wlitout binder mod-
i"cation) and rigid pavements (continuously reinforcedoncrete pave-
ments). The paper provides insight into the bus vaohes, cumulative
traec loading, selected pavement design options andhe pavement
layer materials that were selected.

Some conclusions reached in this paper are "rstly thlaere is no "xed
decision-based model that one can apply to the cloei between con-
crete and asphalt pavements for BRT lanes, but dtaai areas, such as
intersections and con"ned CBD areas, asphalt pavenshave certain
advantages over concrete and secondly that there iseadency to ig-
nore or to overestimate bus occupancy levels, which fasigni“cant
et#tect on the total estimated trasc loading on BRTgvements.

INTRODUCTION

Bus Rapid Transit (BRT) systems and IntegrateddRRpblic Transport
Networks (IRPTN) make use of road-based vehicles. G#ess a larger
degree of !exibility compared to rail-based public ansport system
in urban areas such as train, light rail and trarbsth in terms of im-
plementing the necessary infrastructure as well asethutilisation of
DPBDIFT 5IF JOJUJBM DBQJUBMUVGO®W BHFRYR
BRT systems and IRPTNs is also considerably less ttrat for light
rail and trams. At the same time, BRT systems afirN& o#er a high
performance rapid transit service and are capablemoving high pas-
senger volumes from one point to another in a fasprofortable and
reliable manner. BRT systems and IRPTN's are thereéoyee#tective to
facilitate a modal shift from private to public traport, both in terms

lic transport networks in urban areas that are alreadgll developed.
The rapid bus services o#ered are well integrated witither forms

PG QVCMJID USBOTQPSU BOE BYBNWIWBMNEHC

VOJRVFCJEFOUJUZ
BRT's are characterised by exclusive bus lanes tip@rate on trunk

routes in urban transit corridors with right-of-wagt intersection and in
spaces shared with other modes of transport. BRTekeare constructed

in the median of the corridors. The stations are faxclusive use by the
BRT buses and have elevated platforms to faciliteteel boarding. This
NFBOT UIBU #35 CVTFT BSF FRVJQUDRHBI EIP
allow for street-level boarding of passengers. BRTsési can therefore

[l Fau
l nl . =

PG JOGSBTUSVDUVSF TQFOEJOHFBOEOBBYHC(

The objective of this paper is to provide guidance tounicipal engi-
neers and pavement designers to arrive at approprigtavement de-
sign solutions for dedicated bus lanes. In doingamumber of pertinent
design considerations will be discussed in this papincluding climatic

| & TeABrowveRtrdec) IBling, pavement design and mateals, as well as

certain practical considerations and limitations sl as constructability,
EJTSVQUJPO UP USB6D BOE QBWFRGEOU NBJOUF!
This paper will "rst provide a brief background on ¢hdevelopment

of BRT systems internationally and the BRT Standaltdwed by a brief
background on the development of BRT systems and IRRTh South

Africa over the past decade. This will be followed &yliscussion of the

design considerations as referred to above and sommgtical consid-

erations and limitations.

DEVELOPMENT OF BUS PUBLIC
TRANSPORTISYSTEMS

,QWHUQDWLRQDO GHYHORSPHQWYV

According to Lindau et al. 2008 the "rst widely recoiged BRT system in
the world was implemented in Curitiba, Brazil durirthe 1970's. It is an
excellent example of how proper planning and land eslevelopment
can direct the future growth of a city along transpation corridors.

FIGURE 1Channelized bus lane trasc resulting in rutting
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FIGURE 2 My CiTi system in Cape Town. Typical exclusive median- BRT station with raised platform and fare collection at the entrance of
aligned BRT bus lanes the station

Arias et al. 2008 and Lindau et al. 2010 reported timathe 1970s, when JO CPUI DJUJFT DBNF PO MIJOHMADDFIMIP EV B PSS

$VSJUJCB IBE POMZ J O | RXAVIRNBFOQUU) OQHM B @TIUMBIRJS JN 6 OBODJBM ZFBS NPISFQHBO BO 6BK

rail transit system were prepared. The idea was abortee to its high USBOTQPSU OFUXPSLT JO 4PVWIFGIUDBED PGU

capital costs. Instead, the Institute for Researchdddrban Planning Town and Johannesburg, these are Tshwane, eThekwikiurhuleni,

of Curitiba conceived a trunk-and-feeder bus systemevating along Rustenburg, Mangaung, Nelson Mandela, Msunduzi,oRelane, Buf-

segregated median !ow lanes as the central componeaf axial transit falo City, George as well as the Moloto Corridor.dess of the various

ways. This bus system was gradually upgraded until reachtimg status networks vary, with most of the networks having congikd construc-

of the "rst full BRT system in the world. tion on the "rst phases, some already being operatial, while other
(BVUIJFS SFQPSUFE JO U 1B Q\BNBUUB-O BP GROGEIBETthB plaRning stages. The role-out of thpdanned networks

ly two million inhabitants and the metropolitan areads experienced are such that gradually the total length of the syshs will be extend-
BO BWFSBHF BOOVBM HSPXUI PG ) F FONFIMS) FOF R) 8ofdtructing RiBISbFfinging into operation thenext phases of
that the successful BRT system is at the core ofghmwvth and land use the$systems.

EFWFMPQNFOU PWFS UIJT QFSJPEF)BBMFFGBBQEPSUFE UIBU UIF

exponential increase in the total length of BRT sysis after 2000 with CLIMATIC ENVIRONMENT

an increasing number of cities world-wide implementnBRT systems. The climatic environment of the project area a#ectise performance
of the pavement materials as well as the performanakthe pavement

7KH %57 VWDQGDUG structure in general. Normal environmental design infsuare prevailing

*O UIF *OTUJUVUF GPS 5SBQOOIWREVBDZP Qib téfifperatired Pngriiia and maxima), surface tempgmres, annual

published the BRT Standard. This BRT Standard was oleeelto create rainfall and rainfall pattern (summer vs winter rdall area).

B DPNNPO EF60JUJPO PG CVT SBI FEI S BROVB MIBRIEIE nb d#eSdnBeRttealing with the macro-clinategion of the

BRT corridors around the world. It also functions ateehnical tool to project area for a BRT pavement design compared to paeetdesign

guide and encourage municipalities to consider thiey features of for normal road pavement structures and therefore the moal design
the best BRT corridors as they move through the desjgrocess (ITDP, QSPDFEVSFT BQQMZ 5IFTF XFSF EFRVGM E@HRE EC

2016). PO UISFF NBDSP DMJNBUJD SFHPROTUIFOSEPOES |
In accordance with the BRT standard, there are "ve basiteria that /| WBMVF JF ESZ [ { N P E PSBW F/ /yiBUBB
BRT systems should comply with in order to be recéggd as such. of signi“cance for road engineering. The South Afit National Roads

5|FTF BSF &YDMVTIWF CVT MNEGHBT U S VBBNM3FeBdy IBICOLEKAESANRAL) published the South AfrRavement Man-
DPO@JDUJOH NPWFNFOU 1SIJRSJUZBBE GBSRSBRMILIPOTJIO XIJDI JU TUBUFRT TUIBUTUVS BIPGE

MFDUJPO BOE -FWFM CPBSEPSNTFMFWRBUF grovideB ld i@ s@nditd/e) @#erentiation in climatic gions than the
The ITDP also developed a BRT Scorecard and recogsis#ems 8FJOFSU / WBMVF XJUI BO JOURSIPSEBBURPOD SE
world-wide that are accredited with gold, silver and braa BRT stand- ing for arid to humid.

ards. This scorecard takes into account six catego(iBRT Basics, Ser- The performance of hot mix asphalt surfacing layeaee largely af-
vice Planning, Infrastructure, Stations, Communicats and Access and fected by the temperature conditions and Viljoen (2Q@) and Denne-
Integration) with penalty deductions for non-optimhoperations e.g. NBO B BOE C 8IFSFBT UIJTFMPIMIBT PGS BF QT E
PWFSDSPXEJOH MPX PQFSBUJOH TFURFET M Pavedwhis t8dt RorfaD ttadd-ldading, it is especigl important for

A typical example of the exclusive BRT bus laneg #ra in the centre the design of BRT pavements where the performancéiof mix asphalt
of the road space is shown in Figure$2 below. Thisrégalso shows a surfacing layers is more critical in terms of resigta to permanent de-

good example of a BRT bus station, with an elevaggdtform facilitat- formation because of the high wheel loads and chaglized trasc (refer

ing level boarding and with ticketing and fare colleicin at the entrance Figure 1 discussed earlier). It is therefore recommeddeat pavement

of the BRT station. designers carefully analyse expected surface tempera conditions
of BRT pavements and accordingly select the most appiate binder

'"HYHORSPHQWYV LQ 6RXWK $IULFD type for the proposed asphalt mix.

Cape Town and Johannesburg were the "rst cities toplement IRPTNs The performance of concrete pavements is a#ected I tdaily tem-

SFTQFDUJWFMZ CSBOEFE i.Z $JSW¥ B ()R M3PAB [glaimendycke) Fe FtBe ditterence between the daily xraum and

=
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FIGURE 3My CiTi BRT system. Standard bus Articulated bus Mini bus

PG UIF UZSF JT NN BOE UIF SHIZBNNFOEFEY BE
L1B 5IF UZSF QSFTTVSF JT BOFUNQGPB BRXBW I

ment design as the contact stress on the pavement fae is assumed

UP CF FRVBM UP UIF UZSF QSFTTVSF

BUS TRAFFIC LOADING 5F NBYJNVN XIFFM MPBE DBQBDWUXIPG VUTFE

7\SHV RI EXVHV JO B TIOHMF XIFFM DPOOHVSBUJRROBBBE¥BM XUF}

Broadly speaking there are three types of buses opérgton BRT sys- con"guration. It follows that, in terms of the masium load rating of

tems and IRPTN's. These are: the tyres the maximum axle load on a single wheelntguration axle is

t 4UBOEBSE CVT BQQSPYJNBUFMZ N JO MFOHWI BOE PO B EVBM XIFFM DPOUHMEBWMEP OFBY K

t "SUJDVMBUFE CVT o] N JO MFOHUI B @hatin some instances the maximum tyre load ratimguld be limiting

t '"FFEFS MJOF NJOJ CVT BQQSPYJNBUFMZ thelddalsixredodd,) éven though the axle may be dgssed for a slightly

*MMVTUSBUJPOT PG UIFTF CVT WBAOPRVF B S 6 T WHigNeKsx & adratids F

articulated buses only operate on BRT trunk routeiamini buses only

on complementary feeder routes in mixed traec. Thetandard buses

minimum temperatures. This parameter is therefore owné¢ the input
parameters for the design of concrete pavements anédeats to be eval-
uated by the pavement designer prior to the desigrf BRT pavements.

%XV RFFXSDQF\ OHYHOV

operate both on trunk and complementary routes.

pavement structures is summarised in Table 1.

Mercedes and Marcopolo have in recent years launcheditHatest
models in terms of high capacity buses. The Capa®bm Mercedes is

larger component of standing passengers for shorterban trips), while

TZTUFNT JT

N JO MFOHUI

(with a large component of seated passengers).

Bus occupancy levels are critical in the determinatiof the trasc load-
5ZQJDBM EBUB BOE PUIFS TQFDE&D JEHBU B GSiFRYBERT bhises dh3helparement. It can be se€Teible 1 that the axle
MPBET PG BO FNQUZ CVT JT BENSBWINNBR B GSB LUV
les. Full buses, on the other hand, have axle loadscess of the legal
permissible axle loads on public roads in South A#i

N JO MFOHUI BOE JT DBQBCOIETHG MHBFESSIZ JXJhe Bvalubkien of transport needs, in terms of datommuter and
passenger numbers, and the determination of matclgrBRT system

UIF .BDSPQPMP 7JBMF #35 CVT MIZFBJNHR¥SEUBHBQRBLIOMBWBDIUZ XIJMM EJDUBUIFIETFBOEREY

B OE D B Q BBIDID-PONHMyERE Bstadavd@r Brticulated buses on trunk route3his forms part of

transportation planning and the discussion thered$ butside the scope

of this paper.

7\UH SUHVVXUH DQG PD[LPXP ZKHHO ORDGYV During the planning stage of a BRT system or IRRT&necessary to
@t@hiine the "nancial viability of the capital inv&@ment in the new
UZSF JT 6UUFE PO CVT SJNT WIBBNBBFS 5WF Kirdthlictir® Positive rate of returns are at the msf the economi-
cal decision to proceed with the infrastructure invesents and high

" UZQJDBM UZSF VTFE PO CVTHFRTJHMSF

TABLE 1Bus type data sheet

passenger volumes and transportation needs resultshigher rates of

Description Standard bus Articulated bus Mini bus
Typical chassis supplier Volvo B7R or Scania F-type \g():lggigiz-t'\yﬂpzr Optare
Typical coach supplier Marcopolo Marcopolo Optare Solo
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

Drive axle con®guration

single, dual wheel

single, dual wheel

single, dual whl

Trailer axle con®guration n/a single, dual wheel n/a
Steering axle load (max/empty) [t] 7.1/30 75/3.0 38/24
Drive axle load (max/empty) [t] 12.0/75 12.0/75 8.0/22
Trailer axle load (max/empty) [t] n/a 105/75 n/a
Tyres 295/80R x 22.5 295/80R x 22.5 215/75R x 17.5




FIGURE 4 Macropolo Viale BRT bus

FIGURE 5
3Y

TABLE2 "YMF MPBET TUFFSJOH
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TABLE3 /P PG FRVIJWBMFOU
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6WDQGDUG D[OH ORDG HTXLYDOHQF\ IDFWR
It is preferred to undertake mechanistic pavemenesign us-
ing the actual axle load spectrum expected on th&kB pave-
ments. Various pavement design software packagevéahis
functionality, e.g. cncPave developed by the Conwdnsti-
tute. In the absence of such functionality the actbaxle loads
PG UIF CVTFT DBO CF DPOWFSURFEB PR BO
80 kN standard axle loads (ESAL) per bus by deteimgi the
MPBE FRVIJWBMFODZ GBDUPS QF 8 BIYRVSE V1
BODF XJUI ESBGU 53) %FQBSUNBORB PG
TVCTFRVFOUMZ EFUFSNJOJOH UB M BGBES SHBEDU
tors of all axles of the bus.
*O PSEFS UP EFUFSNJOF UIF MBBEY MRV JIINB NBF

loads at the various bus occupancy levels need to determined "rst.
This information is often not readily available peimdy decisions with
regard to procurement of the buses and coaches. Typiaale loads at
varying occupancy levels are provided in Table 2 arftusld be used
as a guideline.

6TJOH UIF BYMF MPBET BT TIPX0 JWO K BDYWE F B ¢

&4"-T QFS CVT DBO CF EFUFSNJCGHH BEO EOUSBTM I

*UJT OPUFE B SFMBUJWF EBNBUIF EFQP®NDA

U S BJMF{e ESALs. This is a generally accepted valuedsitile pavements.

'PS DPODSFUF QBWFNFOU B IJHIFG 6@ MUBPU JW F
is often used. In the worst case scenario this woulduk in 11.6
&4"-T QFS GVMM BSUJDVMBSFB CV TGB/Q/MEV
standard bus (on concrete pavements).
From the above table it can be seen that there is gnsicant dif-
ference in the contribution of full vs partially fubr empty buses
in terms of the trasc loading on BRT pavements. Tleimulative
FOFDU PO UIF UPUBM USB6D MPBEIBDM PMWRH
period for BRT pavements is very signi“cant.
As an example to illustrate the above, on a certaiection of the
Ekurhuleni IRPTN trunk route between Tembisa and KemnpPark
UIF FYQFDUFE OVNCFS PG BSUJBUMBIZUFE CV
QFS EBZ QMVT BO BEEJUJPOBM V MBIBOEB S5
6D MPBEJOH PWFS B ZFBS EFTEHOZQHFEJIPE
pavement design engineers to be 21 million ESALSuasing that
PG BMM CVTFT XJMM CF | BSN® NGB V M MP BOH
SFNBJOJOH OFBSMZ FNQUZ |IBU @GWMWM C V*¥TGF
would be 100% full at all times, the cumulative trastbading over
ZFBST XPVME JODSFBTF CZ UP NIMMJI
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

L/ TJOHME BYMF MPB Wrtl(&]h’ﬂed bbsr_a@ t@(gnr(and the bus looks full because there
BS

F OP NPSF BWBJMBCMF TFBUT UIF CVT JT PO
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Diurnal temperature profile for hottest recorded day (4 Feb 1992), ROODEPOORT
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Hour of the day

Created with CSIR ThermalPADS

FIGURE 6 Graphical presentation of estimated daily pavement tem- bitumen-rubber modi“ed bitumen hinder was recommende for the
perature !uctuations at di#erent depths below the surface. surfacing and an A-E1 or A-P1 modi"ed binder foetasphalt base.

5XVWHQEXUJ <DURQD
The "rst section of the Rustenburg Yarona IRPTN that was constructed
XBT UIF 'BTU 5SBDL 4FDUJPO PG $POUSBDU "
BMPOH 4XBSUSVHHFOT 3PBE 3 1 $P(
CFUXFFO BOE
5lF BWFSBHF EBJMZ CVT OVNCFST QSPWJEFE
TUBOEBSE CVTFT BOE BSUJDVMBUFE CVTFT
TUBOEBSE CVTFT BOE BSUJDVMBUFE CVTF
XJUIl UIF SFNBJOEFS EJWJEFE JOUP UPR GV!
egories. At the time the number of ESALs per bus was determined to be
GPS B GVMM BSUJDVMBUFE CVT BOE GPS E
EFTJHO QFSJPE GPS UIJT TFDUJPO XBT ZFBST

-RKDQQHVEXUJ 5HD 9D\D USB6D MPBEJOH PWFS UIJT QFSJPE XBT BQQSPY
Part of the City of Johannesburg's Rea Vaya BRTe®ywas the up- %VF UP UIF ZFBST TUSVDUVSBM EFTJHO QFS
grading, Portland Perth to Jan Smuts Avenue to pide new bus ment temperatures in the Rustenburg area and the maximum axle loads
MBOFT PO 4FDUJPO PG 1IBTF UXFXIQDI UB PdxpertddBidIie &3 Righ as 12.2t a concrete pavement was preferred. The
2010. The work in this section entailed the widegjof approximately cncPave software package was used to design a continuously reinforced
LN PG UIF FYJTUJOH EVBM DMSBHBHFXBE SBEtelh&eBEND(BERCP) for the BRT lanes as follows:

BRT lanes and BRT stations located in the medi@aar t NN $3%$1 .1B gFYVSBM TUSFOHUI -XJUI :

*U XBT FTUIJNBUFE UIBU B UPUBREPG BSTUWEBIWEHBSBSOVQMBDFE BU NN DFOUSFT
lated buses would be travelling on this section dyiin each direction t NN $ DFNFOU TUBCJMJ[FE VQQFS TVCCBTF
(with a headway of 2 minutes during the peak perisg At the time t NN $ DFNFOU TUBCJMJ[FE MPXFS TVCCBTF
the number of ESALs per bus was determined to be8Lfbr the articu- t NN ( TFMFDUFE TVCHSBEF MBZFS
lated buses and 8.7 for the standard buses. In hsight, comparing t *O TJUV SPBECFE NBUFSJBM

UIFTF WBMVFT XJUIl UIF WBMMBT RBPWJIEBFE TIRKS BBBCMF U
tive determination. The structural design period ffdhis section was H7KHNZLQL *R "XUEDQ

20 years and the estimated cumulative traffic loadj over this period The Go&Durban IRPTN in eThekwini involves inter alia the design and con-
was between 18 and 20 million ESALs. struction of a network of BRT routes. This section deals with BRT Line C1A,

A mechanistic pavement design procedure was carriexdit and which runs on the northern side of the Umgeni River from the intersec-
the following pavement structure was recommended fothe new UJPO PG *OBOEB 3PBE BOE %VNJTBOJ .BLIBZF %
BRT$lanes: SV 7+700 to Sea Cow Lake Road (formerly Old North Coast Road) at SV
t NN CJUVNFO SVCCFS DPOUJOVPVTMZ HSBEFE BBGEBMIBODEEBDIJOHN
t NN BTQIBMU CBTF XJUI B NPEJOFE CJO EF Detailed information on the type of buses and thesgmated number
t NN $ DFNFOU TUBCJMJ[FE VQQFS TVCCBGdfbuses on the BRT route was determined during eliminary design
t NN $ DFNFOU TUBCJMJ[FE MPXFS TVCCBjHase by other consultants. An articulated bus with7.2t steering axle,
t NN ( TFMFDUFE TVCHSBEF MBZFS U ESIJWF BYMF BOE U EESBPSFEB GBYMMZXBIP B
t *O TJUV ( SPBECFE NBUFSJBM EJUJPO " ZFBS EFTJHO QFSJPEPRPBEBTIDIHD B E
The operating temperatures for the new pavement werevaluated PQNFOU QFSJPE PG BOOVBMEHSIFX U | ZFB £ \GIV

VTJOH UIF i5IFSNBMQBETw QSPHBSBBNFE X QBERBAWEPErD® DUFikg the latter period a one minetheadway was esti-

UVSFT BT IJHI BT i$ BU UIF TOU/BGBHON RIE U ifteBduring ke peak periods and a "ve minute heaay during o#-peak

phalt surfacing layer could be expected. This isistrated in Figure 6. QFSJPET SFTVMUJOH JO B UFRPIUBMSPEBZ BG BIOVI
It was expected that a standard bitumen binder woulibt perform XBT NBEF UIBU QFS EBZ PG MW BOEV T FIB XV GEM

satisfactorily at these prevailing asphalt temperates and therefore a number of ESALs per bus was determined to be 10rlaf full articulated
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,Q VLWX VXEJUDGH FRPSDFWHG WR RI PRGLAF
51F SJHJE QBWFNFOU EFTJHO PQUJPO XBT EFWI
QSPHSBNNF 8JUIl UIF CFTU TVCCBTF TVQQPSU
and economic considerations, the concrete thickness and reinforcement
RVBOUJUZ XFSF EFUFSNJOFE 5I1JT UPPL QMBEL
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
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 spac-
JOH JT CFUXFFO N BOE N 5IFSFGPSF JO
spacing the proposed pavement design is satisfactory. The percentage
of concrete that is expected to be shattered at the end of the structural

EFTJHO QFSJPE J F ZFBST JT CFUXFFO
UIF SBOHF PG (o] JT EFFNFE UP CF BDDFQL
PG NPSF UIBO CFJOH EFFNFE FYDFTTIJWF 5

shattered concrete the proposed pavement design is satisfactory.

PRACTICAL CONSIDERATIONS AND LIMITATIONS
5LJLG FRQFUHWH SDYHPHQW YV AH[LEOH DVS
Concrete pavements generally have a longer structural design life with
MFTT NBJOUFOBODF SFRVJSFE EVSJOH UIF JO 1
carrying capacity of concrete pavements is also higher than that of as-
QIBMU QBWFNFOUT #35 QBWFNFOUT BSF HFOF
(NXUKXOHQL +DUDPEHH and carry high volumes of heavy bus trasc and therefore concrete pave-
Following an earlier planning phase, the EkurhuleMietropolitan Mu- ments are ideally suited for BRT lanes.
OJDJQBMJUZ DPNNFODFE JO IHBUF U'TFP BEFUOGBhQetP Gavenénts, however, are more expensive to construct ini-
)BSBNCFF *315/ /PSUI 4PVUI| $RPOIBERSS ANBSFBNBMMBF $PODSFUF QBWFNFOUT SFRVJSF MPOH
isa in the north to OR Tambo International Airpantthe south with a to- ideally constructed in longer uninterrupted sections. Long and straight
tal length of approximately 16 km. Phase 1A is digitlinto 7 areas and sections of BRT lanes, typically on BRT trunk routes radiating out of a CBD
UIJT TFDUJPO EFBMT XJUI UIF QBWIENFO X I|E EfedH@ tizrRBre"iddalBor concrete pavements.
is a section of trunk route along Andrew Mapheto Dei carrying the '"MFYJCMF QBWFNFOU EFTJHO PQUJPOT -PO UIF
highest bus traec loading. The design of this secth was completed in cantly less construction time and are easier to construct, particularly in
BOE DPOTUSVDUJPO JT XFMM VB EZS X BZ B@¥CBIFarba’ Wit Mh&ny curves and corners, restricted working space
of 2016). BOE NPSF TUSJOHFOU USB6D BDDPNNPEBUJPO ¢
" EBJMZ UPUBM PG BSUJDVMBUFE CVTFT rBeDtE are alsb prefdirBdSi CBIY areéab itX rmsFoT futdre geometric im-
mated per day per direction based on a 2$minute headway during peak QSPWFNFOUT BOE XIFO SFRVJSFE BSF HFOFSBM
periods and a 12 minute headway during o#-peak periods. The number  There is, however, no "xed decision-based model that one can ap-
of ESALs per bus was determined to be 8.0 for a full articulated bus and ply to$the choice between concrete and asphalt pavements for BRT
GPS B GVMM TUBOEBSE CVT *U JT OPUFE hh8sU Instelad Eathl BidjyCcE Tade MBeQB B mheXdvilusited dJ its own
UIF WBMVFT BT QFS 5BCMF "O BTTVNQUJP OméasT ahtBvEtRS itsl Bvish WeByhBrig Mss@ed RA the various decision
XPVME CF GVMM IBMG GVMM BOE O F B §iMiza. E ShQuldzbe noted: RoeMer, thé& gheUrd choice is not neces-
TUSVDUVSBM EFTJHO QFSJPE PG ZFBST Ul FarilyRodtBevbpiow With ¥he loveat Eost) @ Bré bighé s Bultidt@at capac-
was estimated at 21 million ESALSs. ity, but often a trade-o# between economic, structural, practical and
Based on favourable price comparison between the rigid pavement constructability$considerations.
design option and the !exible pavement design option (this price infor-
mation was available from as-and-when construction tenders that were %57 SDYHPHQWV DW EXV VWDWLRQV
called for prior to the completion of the "nal designs) the following rigid Particularly at the bus stations, where the BRT buses dock at the station
pavement design option was selected (this is a similar pavement design platforms, the wheel loading is extremely channelized and slow moving.

to the one discussed above for Yarona): Under slow moving trasc the resilient response of asphalt is much lower
t NN $3%$1 .1B gFYVSBM TUSFOHUI -SFJO&R&BrmhighXpedd movemeht| making the asphalt more susceptible

TIJIMF SFJOGPSDJOH CBST QMBDFE BU N N Dté geuraient deformation. This in combination with the high shear forc-
t NN $ VQQFS TUBCJIJMJTFE TVC CBTF MBZESexerfeN onihie sUF&cing By the Hre@kihgRaidJaccelerating movements

OFE ""4)50 EFOTJUZ PG UIF CVTFT SFRVJSFT UIBU TQFDJOD BUUFOUJ
t NN $ MPXFS TUBCJIJMJTFE TVC CBTF MB ZBsfabiigNageB & sidtignsU P PG NPEJ

OFE ""4)50 EFOTJUZ A concrete pavement is ideally suited to withstand the slow moving

NN ( RVBMJUZ TFMFDUFE TVCHSBEF MB ZF éhadrielt€B&auyrnbhetl Pads amiGheNserIforces. The concrete pave-

OFE ""4)50 EFOTJUZ ment could either be a short section of CRCP (in case the remainder of the
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%57 SDYHPHQWY DW LQWHUVHFWLRQV
Traec accommodation at intersections can be a major cause of disrup-

XJUl SFHBSE UP CVT PDDVQBODEOWEZWEBDUPRPGS
adopted in these designs are provided, as well &g tumulative traf-
GJD MPBEJOH XIJDI SBOHFT GSIPNo1JTURO G RNSIN
tion can be used by pavement designers as a refezerfor other BRT
pavement $designs.

8JUl SFHBSE UP QBWFNFOU EFTJHO GPS #35 N\
need to carefully consider that the performance of hot mix asphalt sur-
facing layers is signi“cantly a#ected by the temperature conditions. Espe-
cially for the design of BRT pavements it is important to carefully evaluate
expected pavement temperatures and to select appropriate binders to
provide suecient resistance to permanent deformation under the high
wheel loads and channelized trasc.

It should furthermore be noted that there is no "xed 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 deci-
sion criteria.

Pavement designers should also give speci“c attention to the design of

UJPOT BU MBSHFS JOUFSTFDUJPOT JO BO VS th@&srfacdyVaySrrRbNsFs@tibns5AEohtkie haGemBivid &iEdly suited

to construct a concrete BRT pavement through an intersection is sig-

to withstand the slow moving channelized heavy wheel loads and the

0J6DBOUMZ MPOHFS UIBO GPS BTQIBMU Q B¥heaX forods Bt sabidas, X dMdperSgrafadlaShalu llEd with a resin-

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 al-
ternative to concrete$pavements, it is recommended that !exible pave-
ments with thick asphalt bases be considered at intersections in lieu of
concrete$pavements.

In the Cape Town CBD the intersections of the MyCiTi system were con-

structed with 270 mm asphalt base with A-P1 binder modi*“cation, placed
JO UISFF MJGUT PG NN FBDI BOE B

modi“ed cement grout provides a good alternative.

Practical considerations may also inluence the choice of pavement
type. E.g. trasc accommodation at intersections in CDB areas can be a
major cause of disruptions and it is recommended that !exible pave-
ments with thick asphalt bases be considered at intersections in lieu of
concrete pavements due to the signi“cantly short construction period
which typically can take place over two weekends.

NN BTQIBMU XFBSJOH DPVSTF XJUI

" & CJOEFS NPEJ6DBUJPO 00 UIF TFDUJPO PREFERENQESSBNCFF JO &LVSIVMFOJ
discussed above the CRCP BRT lanes were discontinued at intersectionsl. Arias, C., Castro, A., Colombini, W., Custodio, P., Diaz, J. C., Fjellstrom, K., Hidalgo,

BOE SFQMBDFE XJUI
UVNFO BOE B
These types of pavement structures can be constructed over two week-
ends, i.e. one weekend for the asphalt base and one weekend for the
asphalt surfacing, with traecking over the completed base during the
interim period.

B UIJDL BTQIBMU CB-TF

CONCLUSIONS

This paper provides a brief historic background BRT systems. An
exponential increase in total BRT system length walsserved after

2000. In South Africa the first BRT systems and NRPbecame opera-
tional in Cape Town and Johannesburg shortly befdiee 2010 Soccer
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Typical axle loads at varying occupancy levelss$tandard buses, ar-
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