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Volume 2 Geometric Design and Road Safety

Foreword

This Geometric Design and Road Safety Manuappdresotw Vosumet Ro
Tertiary Roads in rural areas and lowextwodles roaud ad esrnverdnment:
effective management of this important cdmpadentetonothkeirclasmidia
depends to a great extentonthe adoptiostedfdpptioerbadten chardl cand rc
safety measuresthat meet the needs olfifc@dgcieescsattsminimum

The main purpose of the Manual isnéospwaihdeo anlp reerreecrt stivoe guidance
wide range of factors that need to be amdideeswsiednmeatdldyistustain
manner when undertaking the geomatrscodesilganorfoadrsaland streets, i
the provision of road safety measures. Tthbedapuattiakedeaedopmtent
low volume roads technology that ilvanad| e veoideichtleonratiegally in the |
decades. The Road Development Agenlcprathtetieofmees ernptehetsramadds sec
adhere to the standards set out in theeMtdiradad. clomsistelhtenlsaurmon
approach is followed in the design thfelcwuwdatyme roads in

The development of the Manual was overseeg Gymamitéeb ncoal pSiteETg
representatives froma wide range of sftreoke ltloé&d@ o verrgiamesatibme priv:
sector and academia. By its very nguure,ptdhraodecnupld atilhgdo take a
of the dynamic developments in lowoyggluimlee P@aad Deocteropment Ag
would, therefore, welcome comments andtalghbebdeassakrdmedhgck o
aspects of the Manual during its imptkmwnliabi@ncaAdfufiéeeddonsider
professionals andexperts in future updates of the Manual.

On behalf ofthe Road Development Apam&yJK widutthrickghtahe Depart
for International Development (DFIDeferloismepp oft thifetManual. | wou
like to thank the Project Managementskmitc(PMU) Comnibaitlg Acce
Partnership (ReCAP) and Infra Africa Devdleigmenié Crons ahtagitsg fo
project. In addition, | would commestd lad hioh d errcsa @ hsee ctorrtributed thei
knowledge and effort during the dewelopment of the Manu

It is my sincere hope that this Marauan wel meralefdiniewmteand cost-e
provision of low volume roads in Zalhimakénaseudsitragtiidl wontributio!
improved infrastructure of our cowestsy eamilda nie thoecipr-&economic grov
development, particularly in the rural areas of the country

(Samuel Mukapa

Board Chairperson
Road Development Agency

Ministry of Housing and Infrastructure de\Dedopho@pment A
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Development of Manual

The development of the Manual was oSiteeresreag Bymnlieceeni(cTa3 C) com
the following stakeholder organisations:

Road Development Agency (RDA).

Ministry of Housing & Infrastructure Development (MHID)
Ministry of Works and Supply (MWS).

Ministry of Local Government (MLG).

Road Transport & Safety Agency (RTSA).

Academia (University of Zambia and Copperbelt University)
Road Transport Safety Agency (RTSA)

National Council for Construction (NCC).

As a result of the high level of Heca¢vedotpmieatioh timetManual, it h
possible tocapture and incorporate lacaghkinfoodedgemonurthefdocument

Structure of Manual
The Manualis divided intothree separatel .parts asshown in Tabl

Due to the many differences betweemnethwe rgeoemesriocf dasagmnd urban
geometric design is separated in twbestMansuahdnagn @layr,tBaat A which
with rural roads, and Part B, whichrdeaealsawitbadrsbandastrpets.

Road safety, which to a large degreal imsndourimam toahkisthisutreated ir
of the Manual.

Table 1l: Structure and contentof Manual

Part A Geometric Design: Rural Rosg

Section Chapter

1. Introducti 1. Overview
. Approach to Design

2. Design .Fundamental Design Cor
Traffic

Cross Section

. Alignment

Design Standards

~N O OB WD

Ministry of Housing and Infrastructure de\Dedopho@pment A
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Part B Geometric Design: Urban Ro

Section Chapter

1. Introducti 1. Overview
.Approach to Design

Fundamental Design Cor
Traffic

Stormwater Drainage
Cross Sections

. Alignment
Intersections

2. Design

0 N o 0o b W(IN

PartC Road Safety
Section Chapter

Road Safety 1. Introduction

2. Approach to Road Safet
3 Factors Affecting Road
4. Operational Aspects

5. Ancillary Consideration
6 Education and Traffic |

Appendices

Appendix A | Glossary of Terms

Benefits of Using the Manual

There are a number of benefits to bg thexriapgrbramomeasdadvimcated in th
Manual. These include providing LVRs that:

Are less expensive in economic termesthaeadconaesntionklliyd and to
maintain through the adoption of mowre Ggppdo,pairedembaeigxtensive
use of naturally-occurring materials.

Minimise adverse environmental impaegsardpdotittudaulge wothnon-
renewable resources (gravel).

Increase employment opportunities theoamghrapeatseteodhmmlogy,
including the use of labour-based methods where feasible.
Incorporate road safety measures to minimise road accidents.
Take better account of the needs odifcaldrsyakieehdbdtadscgmamunities
served by these roads.

Ultimately, facilitate the longer-dapomigo@iowfthsotevedopment and
poverty alleviation in Zambia.

Ministry of Housing and Infrastructure debDehgpmgment AgRocy
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Sources of Information

In addition to providing general infotme thVoam waald agssodaercees as a v
source document because of its compneksntriom MWbtschofreaders can
more detailed information to meetsthibipbimgecapdry neeerd be found at
of each chapter of the Manual.

Updating of the Manual

As LVR technology is continually beawgdrestewihiee maedelsspry to upc
Manual periodically to reflect improAEmsuggeistipnactocémprove the
should be in accordance with the following procedures:

Any proposed amendments should beasierg tlhetme eRIDfO rmtdité cha
and indicating the proposed amendment.

Any agreed changes to the Manual RDA dtappvrbivoeed ably shaekehol
will be advised accordingly.

Departure from Standards

There may be situations where the dledi gtoe dewildtbefroompbe stand
presented in this Manual. An exampP@Beaontardepatdube fffroeanuse of a n
specification that may be outside Muaendienhite/ lgeéventhe dreesigner depar
a standard, he/she must obtain writtenoapproowatthaean@Dafuthdhieadesic
shall submit the following information to the RDA:

The aspect of design for which a Depastuee.from Standards is

A description of the standard, incluandgthkeevabuen @if vAbu®epart
from Standards.

The reason for the Departure from Standards.
Any mitigation to be applied in nlgethretaisektefoffarleudeci
The designer must submit all major anthemi®tanDepdastandshfisdmer pro

for approval. |If the proposed DepartaresadcemtalhéeS tandarddsparture
be given approval by the RDA.

Ministry of Housing and Infrastructure de\Dedopho@pment A
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List of Abbreviations, Acronyms and Initialisms

AADT Average Annual Daily Traffic
ADT Average Daily Traffic
ARRB Australian Road Research Board

BvVC Beginning Vertical Curve

CE Car Equivalent

CEF Car Equivalency Factor

CSD Context-Sensitive Design

CSIR Council for Scientific and Industrial Research

DFID Department for International Development
DSD Decision Sight Distance

EDD Extended Design Domain
EF Equivalence Factor
EVC End Vertical Curve

GDP Gross Domestic Product
GPS Global Positioning System

HGV Heavy Goods Vehicle
HVR High Volume Roads

iRAP International Road Assessment Programme
ITE Institute of Transportation Engineers

LB M Labour-based Methods
LED Light-emitting diode
LCC Life-cycle Cost

LGV Light Goods Vehicle
LVR Low Volume Road

LVSR Low Volume Sealed Road

MAP Mean Annual Precipitation

MESA Million Equivalent Standard Axles
MGV Medium Goods Vehicle

MOTPV Ministry of Transport and Public Works

NDD Normal Design Domain
NMT Non-motorised Traffic
NPV Net Present Value

O-D Origin-Destination
ORN Overseas Road Note

PCU Passenger Car Units (CE units)
PSD Passing Sight Distance
PVI Point of Vertical lntercept/Inflection

Ministry of Housing and Infrastructure debDehgpmgment AgRocy
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RA Roads Authority
RSA Road Safety Audit
RSI Road Safety Inspection

SSA Sub-Saharan Africa
SADC Southern African Development Community

SE Superelevation

SSD Stopping Sight Distance

SuU Single Unit Truck

TIA Traffic Impact Assessment
TLC Traffic Load Class

TRL Transport Research Laboratory
TSC Technical Steering Committee
UK United Kingdom

UKAID UK Department for International Development
USA United States of America
UTG Urban Transport Guidelines

VEF Vehicle Equivalence Factor

VHGV Very Heavy Goods Vehicle

VOC Vehicle Operating Costs

VPI Vertical Point of Intercept/Inflection

Ministry of Housing and Infrastructure de\Dedopho@pment A
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Terminology
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Part A Geometric Design: Rural Roads

1.1 Background

Low volume roads (LVRs) comprise a Bebotmchtiatwoogointisamdia and
a large segment of the population #eweast oifvelseirotlret mu nvah eare agricul
the dominant economic activity. LVRbriaee Voewiedroviagkeyral well-
economic development, community ligelirioyo.dBheanattbdothent of this
depends critically on the existennérastsoatudeauratl irodldeirefore impor
roads agencies in Zambia are able to appéy caopprtoprsgptecifsasdaisi
standards and practice that are tailaedftdhthecunatyroad nee

The cost of providing rural road infridednadtsrandasds amdtidedsign me
can be prohibitive. This is becausedtheseobaplptry,atdred,taime ill-mat
the dictates of access in the local esald, etrheiy oanrre eqé n era ldyrfar too c
application to the rural road network fa Zamekeid.td diesvdlop Ikew De:
Manuals for Low Volume Roads in Zambedane¢kalts agfe ttee loo@ichtry nd t
account of the many advances in LVRehephaodoigyreéeltaimnhaveetakn the
and internationally.

1.2 Purpose

The purpose of the Manual is to peowmeéeriguidasign crhnagdards for
carriagewaylow volumeruralroadesndtrdeailenwithe neewmocroads existed pr
(greenfield sites)and with rehainiditaftiexi sthngupogrds (brownfield €)tes

The Manual is aimed at government offieidbs wmmmlraatin@sm@gjolo

geometric design of LVRs and at endimeektars wiepaaiagrespdndesigns.
also be of interest to personnel in aidiegemitoeara nrke sparsiild for
preparation and design of road projects.

1.3 Scope

T 191

The Manual highlights the approach tofthewgeohueteicudastigocess ro
terms of a number of factors that diffhaerrS\ighljﬁheamd))bif'rtcymrdna@s. |
fundamental design parameters thatinfluéaneaprpefocber‘i/&ﬂepdmzeshgn<soll.
are then addressed as a basis for selectidhar@da®p proterira e od €3 b Steact
elements, horizontal and vertical alignmeansis eveall cassr.olade stdfrauts/t o f
approach has been to develop a desi@narsieztéls)ddnle)gawdhamia:ma&pec
geometric design for LVRs. —
D
1.4 Structure s

Part Aisdivided into twosectiohs]las shown in Table

Table 1-1: Structure and Content

Section Chapter

1. Overview

1. Introducti ;
2. Approach to Design

3. Fundamental Design (
4 Traffic

2.Design 5. Cross Section

6. Alignment

7. Design Standards

Ministry of Housing and Infrastructure de\Dedopho@pment A
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Part A. Geometric Design: Rural Roads

2.1 Introduction

2.1.1 Background

Conventional highway geometriasdegighandlates iacimcreasing speed, |
of traffic, and user comfort and hasnVvediemncre,lathiehy high-cost solu
application of these standards shifLe/ddR sicaanthte beostis would far ex
commensurate benefits. Thus,a moeashobdidtectap@enoiachvmieh the ove
criterion of acceptability is the achreaeemdéavebfohnaldpypradp acces
communities at least cost (in teommtspfwtioitlel diféeheysheane time ensu
LVRs are fit for purpose in terms dfras@rsadgtyirements an

2.1.2 Purpose and Scope

The main purpose of this chapteproadch bartlihe tilesign of LVRs in a m
context-sensitive and that emphaspsesstbé geomenric design whilst t
account of the road safety aspapgslidaewribidftyhier guidance given in th
encouraged so that independengadetigiglas sdilartédntso can be developeoc

The chapter firstly presents the definsteom asedciasthididanoal shor LV
Zambia. Thisis thenfollowed by amxto%emnsew e fDitdieiddo (€S D) concep
application of this concept in terms cnfnaidreumtbensofthdiesighluce(r)ce
geometric design process. Finally, ancehale@rtaisopre§etmte dC $D Aﬂ.pen
whilsta generic Table of Contents &€se naedle sngA pregrodixiB.pr Q

2.2 Definition of Low Volume Roads E

For pavement design purposes Low Vo lfumeed FacsadrsostIR)sa)darmeﬁ'Raha
base year average daily traffic (ADT) csfeup 4ovwebeealed0We mctesi, tncl
about 20-25% commercial vehicles, anithga orfellapetb abafificoheadpill
Equivalent Standard Axles (MESA) pefrthgrieaden déSigedite Depe
on the number and mass of the commafficastvehit/ethdrbdbe year traf
pavement desigh purposes, thus, couldsietlsam 8@t atpmh dog dh el s¥me
loadifrg.r geometric design purposes,abhowevléfe ibereapgafified and ©his

exceed 300 motor vehicles per day. ©
—

However, none of these figures prevodettaecomipletectpacacteristiC of
that there are many otheraspectsthatnnidhedrtdédz romasidesedsised be

(@]
2.3 RoadClassification System >
2.3.1 General —

Zambia s road network comprises variousroymess ehchraf widc b r@uali
particular function in facilitatingenemoé¢ntarofraviegimeamde destinagpn
providing access to property. The wodaksiiFieasiomtiafl floe aevtariet}cbof |
including policy and planning actiwitly sgemupiengtadifsr@aaderinto amset
systems according tothe type of setvoipeothigye doethret puddidc . .
2.3.2 Road Classes and Functions Lg

A schematic diagram of the various raadtedasrsiFigatiens-1s Tlhe die
ilflustrates the relative function ohsthi@ teamnh sclefs pifimatiyo, secondal
district/tertiary/access roads. This iis» prpecrtecéec tiageawm lbhibed, many o
of function and clear distinctions may imotfunlemaysabeeamsarcdone.
hierarchy should not be confused withttrtag¢idievirsdopoafsidd hties which
based on other criteria.

Ministry of Housing and Infrastructure Bévieévphogpmient A



Chapter 2 Approach toDesign

Part A Geometric Design: Rural Roads

Primary

@ major international/
national centre

@ town/administrative
centre

Secondary

@ village/district centre
Tertiary/access

Figure 2-1: Road Classes and Functions

The key objective of a well-conceivedialfaasxdiftaaeiosoasly sitseen accessibili
all parts of the road network therebgffimigroon ngndramns ptaurtn, improving
sustaining and supporting social and etopmenrt. gnowtis aedaddy Zambia
roads have been classified on the bestbheopuhgors dumr ttiloen ,ciharacter of
service that they are intended tomrextitheg idiftfeermesatodecntres of populatio
economic activity. Based on the PufbRieORoalle Axltdlwing2lasses of roads
been defined in relation to whethenltiigepis@Empce damnesisoentas shown
inTable 2-1.

Table 2-1: dReosssdfication system

Basid Class Level of Serv| Road CI Road
Functi Definition
Mobilit Priman Very hidhovides| Inter- Roads that link in

highest level of| territoria centres. Connectio
high speed for t| main rg the national road

uninterrupted dis| (trunk ro| those of neighbouri
a minimal degree
control. To be d
the highest stand

Territori¢ Roads that link ci
main roal and centres of
importance with ea

Mobilitt Second High/ModePabesiidqg District | Roads that link tow

Access less highly devel agricultural, co
service at relat recreational or mag
speed for shorter areas to each othsg

the primary road ng¢

Access| Tertial ModerateroviRles| Branch r{ Roads that providg

moderate level o

Rural rog

villages or land ad
main or district roa

moderate/varying| Park roa
Estatero
Urban ro

Note: The term level of service 2€lfedoed notinntabdte the capgac{lyoEvelso oF. Seérvefers to the
quality/standard of road providéedr roathhaswchigh a Primary Isntermedtivinalyrdhagh havel of service
meaning wider road reserve, wided sages, makxiaremsrolmandscaping, and so forth.

Ministry of Housing and Infrastructure BeévRé¢vehogomient Adeoncy



Part A. Geometric Design: Rural Roads

2.3.3 LVR Classes and Functions

In terms of the type of the LVRdhbeiN@arcwakreélefowih all be expecte
to fulfil an access function. LVRbabselsdd thbadsldewdabdired in the Pu
Act No.12 of 2002:

1. District rbladse secondary roads that meet thes acdedineteaisdmes of
and discussed in Section 2.3.2 below.

2. Tertiary roads
Rural roads: Defined as public roaty avighin a Local Authori
Urban roads: Defined as public roadsaviethin a Local Authority
Branch roads: As defined by the Minister
Estate roads: Defined as public roadsewmithin a Local Authorit

Park roads: Defined as public roads oateaddoa hocmdsAstiod
internal access to aNational Park.

Any other category of roads: As defined by the Minister

The functional class associated with rmiees taldEfictmeixecqaensoalesation:
an LVR serving a military functionngr anqualyyath@aadusesvparticular
vehicles), but this is not common.

In view of the above, the relatiolesisimmbetweaenfuoadion is present?d ir

A

Mobility Class: Primary
- Inter-territorial main roads
- Territorial main roads

National
roads

Class: Secondary roads
- District roads

Access

Class: Tertiary roads
- Rural roads/Urban roads/Branch roads
- Estate roads/Park roads

>

Road Class and lurisdiction

Local

Authority
roads

Access

Road Function

oeoilddy ¢ l191de

Figure 2-2: Relationship betweed Roadti®lmass and Roa

Mobility roads
These relatively high-trafficked roadsraféicdevigmedlabivieby long di¢
quickly, effectively and efficientlyhighhery spree tthéhebamgeh-routeddon
movement is dominant and access and peidedtrtiand efimesli nagrsd agee dr
demarcated positions at widely spaced intervals. wn

01

Access Roads «Q
These are relatively low volume road® Jse sogineadvea ip usvp depeecrties an
served by the roads. The provision odlas ceesds mdlbessrbaoinb gaptry to ar
adjacent land. As such, care must be tdaenhteo kafegyspétedswomov
pedestrians and turning traffic.

The majority of District and Tentiatlyy rdads natenesessarily, LVRs. H
functional class associated withafditfewen s omieeismefs alter tleege genere
a LVR serving a military functéowiag meqebyry tbhat sses paetstularly la
but this is not common. Based eifittedidbunnsyiotead okexd in Zambia, Tabl
those classes of roads which,plurpgsesenray besdgriined aslow volume
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Table 2-2: Classification of LVRs -Road Design Classes

Road Design AADT at Mid De Functional C
LVR5 >400
LVR4 200 400
LVR3 100 200 District orTerti
LVR2 50 100
LVR1 < 50

This manual deals with the desigssofype vod ierewligcke the standards
are quite different to those for maolkilatyy rattdacwwvhmolhegeraditional des
standards which may b&Rdoomdnemdheons on road Design Standards G
Design of Rurd@eReamdbser 1994).

As stated in Section 2.2 above, tpoges miateim idle siifeen AT rather than thi
year or end of life ADT, is usedonDimibcibatlamsteiketameen ensuring that th
is not significantly over-designedlide they tradpiptiingg aonf étrsd design life t
ADT), or under-designed at the eadopftiing delsage héar(B\DT). Thus, alLV
a base year ADT < 300 (in accordarmoe) wialy btheerel \ARmddfinfiei ADT > 4C
depending on the forecasted traffic gnowhht badivpeaslb¥RKRiSie8imilarly, a
with base year ADT = 40 may have aanidbefelADSifod b o n lth@&dt basis as |

2.4 Characteristics of Low Volume Roads

The particular characteristics of LVRic alfdeicghngn thede geenfetlowing:

LVRs often need to cater to high pruodiogtipedestrNaviE,ibcdycles anc
animal-drawn carts as well as motorcyclehataffas, growaffic mo
tremendously during the last few yearsniAfmanayapdredsefwheuehand
often constitute the main means of public transport.

The majority of LVRs are relativelglstiore iamn tengdhe borce tspeed is nc
a deciding factor for the required asterd igedmed | iangt sarscsarai .

Existing land use and adjacent propetiviescmodsenskiotibnhwidfiethat
can be constructed without causing mdpacraldipdpubbanioas atrod thieg h
associated costs for land acquisition and compensation.

Existing land use and adjacent propditeesroftess ticniornthke veifdelt that
can be constructed without causing mhagotodastpiopanacionfoand
associated costs for land acquisition and compensations.

Most road users are familiar with thefteahmairoad dradigribhhebherefore
take necessary precautions to avoid conflicts and accidents.

LVRs are often constructed by labour-lbmstesd tmethkotsmew loifch
earthworks that can beconstructed within reasonable costs.

In light of the above LVR characterssoifcsheheengiaeecanmee

To design a road that is fit for poapoiseo bkheipthggiché environmen
at least cost allowing the existingveligpmedtaha iartladler cross sect
width to accommodate the prevailing traffic.

To address potential black spots Wislhlptogpres|Iyuehgaseappropriate
traffic calming or road widening anddlanessegregation at blin
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2.5 Context-Sensitive Design

2.5.1 General

Context-Sensitive Design (CSD)cheawjdefsoanstigaifiadntional approach
almost exclusively on mobility tlmwalaeam cemsp raocecets sthatafety and envir
preservation withthe available fiupdamigdeThfd explpirlidtaycto encourage in
designs tailored to particulardestigatioans,dieeiatkewhen necessary fro
design criteria provided accepftatlylarstaachdede bfasaeduced costs. Th
is to develop a design solutioafthegd takemsetingoahtternatives and trad
might be needed as discAppeddiuartheDesign Domain Concept.

CSD recognises that in some casesirexcerptappsy mayshaendeagws. For e
where the provision of an engineeredeatigaeneate agtshuwtsrkian, it may
preferable to accept variable traveé¢dugeedosis andemitointise soci
environmental _impacts whilst paying shifetgattbndigh toheoadoption, w
necessary, of appropriate countermeabsuremsprdack xismpriesehttehd belc

Section 2.6.4 Alignment Design.

By applyingCSD, the approach to desigadadepsed ihahisilylacmuequire
and recommends appropriate geometricRdesBynsotamdagdsit bdforls d
engineers with the flexibility to adodpttlaptpropriass seandative a co
those generally applied to HVRs. Boavdeeiatiwhre ref thheremdrmal sPand
one element, it is usually requiredmthlastannighdk b e¢hasedofor oth@r el
to compensate (e.g. the use ofawidestpagetmealtcumeeeod low st@hdal
be adopted). Thus, the approach discoveagestsuhmdabessmayg gmpmetry
the roadside, except where there is eftes-esfpeetgzifpcrobt/dmsnwh@e S
improvements are likely to provide ssbstantial safety benefi -

The approach outlined above shouldtaasoe cfecssdef ﬁ@mmMVeIMme
may affect the function of the roadn wethmrs idf desngeslife traffic vol
patterns, and operating conditions. Shaouddlikedy rcehcalages sfireestudtipof t
to a higher class outside of the LVaRdsafge higlkeerthelsmendoadggshc
adopted. S

2.5.2 Design and Operating Speed a

Design speed is traditionally nsad anm higdlewayhdersilfjnks roaw funﬁ_’tion
and terrain to the design paramec¢eandfcsightudesta ensure th@)t a
presented with a reasonably commisineahd mode daecreditoy surprises ——HO!
uniformdesign speed concept shasla bhasie domnshededeslign of LVR ar tv

1) Low volume access roads are distialct\Vy)IdhifaemmbiI"rtQ/mrmei'_"ls, 1
which higher, consistent designand opdrating speeds are justifi

2) Applyinguniform design speeds to bVRsbtseteirgtnspta)e«bbetai/rilrgme
will inevitably lead to increased ehtat@jvaamel«st,Iamﬂuamicﬂicp)moqn@rtie
adjustment or horizontal and verticaleanllilgmhﬂnglmé,rpnaﬂjeccrxnse@ys.

Operating speed on LVRs will thereleoreenchodimbdtgpdodyvahhieabierrddn, e
alignment (in case of upgrading) angl, reolavhyisl ea dee/etliogmtédret primoip e
surprising the driver. Normally LVRs hildpeaad migp okectedgauviplto 80
but some access roads have long open tetmretimhevch éravidrsiay keasheas
and desirable to allow for higher sgewedjs swifiraddé iacatrgjnin which
traditional highway standards may be more appropriate.
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2.5.3 Road Width and Traffic Safety

In addition to such factors asrdaffec elo speosdticopography/terrain and n
the roadside development, the naimoblers od assnhigcits €ither direction) on a
key determinant of carriageway withtd.avebbeg2-8ashpowad hourly number
interactions/km and the averagetioms/khmtiwaesedimteracd2-hour travelling d

Table 2-3: Indicative conflicts/kloe tanele aveoablectsmlem on LVRS

AAD] 300 100 300 100

Spee Avg.lInteracti| Avg.Interacti{Average time |Average time
(km/Y per DI Per Hd Per D| Per H{ Interactions Interactions
40 46 3.8 5.0 0.4 16 min 2hr21 min
60 31 2.6 3.5 0.3 23 min 3hr30min
80 23 1.9 2.5 0.2 31 min 4 hr39 min

As indicated inTable 2-3, even onhecadsmhvethoB3 0temattions/km/hr is very
and considerable periods of timetedblyskazatwean metetnng situations. It
apparent from observation that otolLtivRwseldbwded teadcentre of the road
with a road width of 6.0 m whiwhk,for panecsEegregldted traffhe. With this w
outer wheel path is usually notwdleaylpjioabdfynbdeldu0 m from.the edge of |

In view of the above, it can bewncotnofuded tilmeet aflod at all traffic levels, L
defined above, are effectivelylaopemotanlg asdsitthglte this feature can be |
ensure satisfactory levels of sarldViceadnuseasewthout resorting to unnec
generous and costly standards. Asctdrageguerad e lrodutlldiesrs or additional wi
accommodate NMT in a low-speed enttiednexeretpcan parvocularly busy ai
within villages, trading areastetsubShanwallydrieedaxdced costs compared to
LVR standards, which are more rslétedstothd Recodmmthnded carriageway v
for five different basic geometrVRsSt)anda rprse LRI inS Cross Sections.

The safe and comfortable accommodatioyn roeflateadd toselre isiddalo oef the
carriageway and the travelling speed hdafmeedriicledspradfie, Mbre space
needed for other road users to feel sade.t€wd vior enlgouwadyee rhigh spee
thereby reducing the level of roa@erafeitwgdboSpereecalisamudiversally recog
as being closely related to the risk ottheohd Ra deisligmtan ured n@ian at keepi
travelling speeds relatively low.

The typical traffic situations on a LVRpdaadl withwlpssceramdg® 00f heavy
traffic typically up to about 25% are&8 tdksgnarteed-6n Wighrehzse low traff
volumes, vehicles tend to travel tlhevaocdd tleavnigdse axcfetfor pedestrians
motorcycle/cyclists on either side.

MC/Bicycle Car Pedestrian

N o -™~_"
|‘ Normal ’|

Figure 2-3: Typical traffic situasiomeatiRed) standard -
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Car/cart

A

. N/
Infrequent |

Figure 2-4: Infrequent traffic ocaundresnctee fLatRed) stand

Car/cart Truck/bus

5l
Seldom N/
Figure 2-5: Very infrequent traffitaodaudreschee (LatRc)
Truck/bus Truck/bus
—a—a—a—t—0—a—0—%

| 6.50 m
| Very seldom

Figure 2-6: Rare traffic occurrencenihViR¥ standard -|s

aol yorvousddy ¢ 191deyd

2.5.4 Alignment Design
There areessentially two types ofepfagedtdyhtditetad weltlr ioc desiﬁler,

1) Brownfieldlsite:project site where a road alreadgeexhets -and
geometric design to the extent tha¢stilge ap@rohahrsnaliag@ oot
economically justified. 5

2) Greenfieldsseateproject site where a new roadt@rbsecdinstroaicteedoa
where none existed before.

Designing an alignment for an entiraloadewisbad wfere ne a consid:
more complex process than merely augpdyheeccimgsanoé Xisdimany differen
alignments that are possible and thedioalatvaeldbbk atf timédobm@inning
process. In many cases,a pre-feasilditotyidsandyynmysisebteguireidors |
road and to decide whether the pirahéet is likely to be
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In view of the above, in order tapdaddiceacanefmicbsatance needs to be
between the cost of improving theoexisaingoatad hynamd, vertically, or wid
the road, with the benefits to be.déelthvedefqgamesoadoapproach that emph
the economic aspects of geometric desimen e iewchiwhtmesedsaagpropriate
understanding of economic analysis.

There are two main options that maydesigonciddréR sfatighment as follow

Option A Alignment engineered dos fulfcltlioomg an acc

This option adopts most of the extighirpgodigmmerretasxwbpere safety may b
issue. The use of this option meanshéhakistimdaabgnexeantfixes the tra
speed . It will result in variablebecasse¢lbeiondihdolismiost of the existin
need not be changed) and travel speigds fbaanw it¢lantditwiowrdks costs. This o
is appropriate in situations where:

The road is unlikely to change igsnfuhetion over its desi

The roadis likely to be used mosslgl dyml adxya lo precorp les earrsdwho are no
familiar with the characteristics of the alignment.

Problem areas such as very tight chhrerepotetetapllyrdodaskos pmtts are
addressed by sound engineering solutimimg, slecrhe asi dcaurr meg vaimma
demarcation, and use of appropriate traffic calming measures.

In many cases, based on the least cose,cQOpdivon Addiisctulssedoab econom
standard in that it will result in afioalpurmesd that igrofitde an appropri
level of access at minimum costs. Thmesdthdsfoptiloen georrmedmc design
many LVRs. However, the adoptioquiofe teosne pdbord veilbimreeering judgemer
be exercised by a design engineerdeishgpxperience inLVR

The adoption of Option A is supportevwhixyh rleaseea rchho Win dtimagts

In terms of geometry, drivers willnchoads that haspeagdsgh surfaces
are narrow, winding or hilly and whereotde adidetlteohané boundarie:
are not well delineated.

Roadside environment and objectssmeaffecttlspeaedd Mahtiale object:
next to the road can increase periphegfdreisnare loevpande ithed
speed, which will lead to reduced actual speed.

Drivers will also slow down if theytbeeb jtehoty amnetheeo sibdeesef the roas
e.g. pedestrians and cyclistsand theynbeel divay.are unable t

Drivers choose lower speeds on roadsimtighton pltepbereadoegsbepo
possible entry of other vehicles andiriomnmientd|lyncomijpdexoeprocess
the higher levels of visual information.

The adoption of Option A should bewdagprheedaswitbsthe fol

Installation of traffic calming measurelariwheneareqsineidh pdritgbu
incidence of non-motorised traffic jdMAumlkele .sspmped vmamming and
speed limit signs, etc.

Fully engineered solutions at potentiallyahalerdobhsespdtsavitthan
reasonable costs (e.g. road widening/lgnerespg,radlognnoertr sha
improvement to straighten out blind curves).

Adequate advance warning to drivers ands swlkerde rpdtuenhiglhyeasu
hazardous situations cannot be avoidleidiwiMbowdsitscurring pr

Varying road carriageway width dictaitiedol ytrtdfdiannounteanalin.
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Option B Alignment engineered Ifiay fuwlfclliomy a mobi

A fully engineered alignment is onspieedhincimdbe desdgrmetermines
alignment. This option uses a consistémbwgbeatsardi@anfixiedhdesign
that determines many of the geometrscpasgune@edtstepphng sight di
engineered curvature, both horizoetallyT lasgle vendicaEydesign princij
specifications cdhttapted 7n Designwhticmdahdsuld be used when Optic
not appropriate.

Whenever an entirely new road is torbeteadsimgmedrandfioeodssite, it i
likely to be in the higher road chassetrseamalt WaiichoBcies, tbut elements
A could still be applied.

The same principle as applied abewe fizronhaldelsggmehtiof an LVR al
to the vertical alignment, exceppexhieiceenhieeance oiftesasfety problems
appropriate countermeasures can be pwthierglsigd.t Hosteaxecepldo not
with those specified for HVRs, mitigaduld beuobtersmeareud esucskh as |
widening, centre line marking andsewheatideastiihe, dppeoach to the
curve rather than embarking on eactlewordkesrye.flatten the

2.5.5 Selectionof Design Standards

A geometric standard represents aeeseediapdeveliahatfos the par@cul
environment. Typically, this serhiteaféiceandcireaseastiwetly high fes m:
trafficked roads and has a clear conffiicatimay waihhl Hanspmit &e fit:
LVRs the benefits of a high servilee irewelonoenile serimsgabhd, as<a r
compromise has to be reached betweds isereiacidevtel ttredselected st
The approach for doing so is based omibreedl @8Dvoonaergdte lad daggd o
Appendix A. —

There are essentially two types of stanmdlandsl¢coassifdélrewsin th pO

(1yhose related to an Option A alignmewterdeélsagmnnohrata b deepstig nl
standards, as applied to paved and unpavkeanré@@svwdtlatansdb
life, i.e. road design classes LVR1 twouMRdgererasly dta miided
cases where it is impractical to melesttamedmrcdrsmadlfyeapbéice&use
extremely severe terrain conditionstandeslethesustandacdm must
relaxed, but not at the expense of mopensatety ftoruwteicrhe@gure
would be required, including trafficocaedlmiggargeaasmdemaaikdr\;gs.

(2¥hose related to an Option B alignmenmalldgicuppthad acddpds
standards as applied to paved and unpanee tthamad® Owvihd aait D d -
life, i.e. road design class LVR5 ans abeoweodiTieeséostdndare
terrain types with optional inclusioan oéitshkecrubdehrisghbmamui%r C
motorcycles and NMTs and/or a higheprolesrtibmuef hreeavdye'signer
wide range of standards from which teudhablsee s temslarid g st laddh &l a
for almost all sitCdtapnsr(gedesign).Standards D

Ideally, the adoption of either an EDplignnAe ot samo Qlgtiloe made o_Ua,thn
of a life-cycle cost analysis,Pavegmes¢nedigm tManual, Chapterncl 2
Costingwever, in practice, the data for uyngiertiakseddsucavenlalbge a
instead, recourse will need to beemiadgejtadgmentd engine
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Appendix A: Design Domain Concept

The Design Domain concept has beealldeaslapfmd thtedeatgonof upgr
projects, particularly for LVRs, wimdcalittovdbdndfermne¢cotrh@e normal LC
Domain applied for new roads. It placeg eppiogsiiatenadcteyvebrsgreffec
designs rather than providing a desigdatlkdat.sih prleec meereitsse ssthat the
range of values which could be adognhepaframaee tpear i ctinliaor adbessa lute upp
lower limits. Values adopted for a parwcthiar thees idyes imar ado et@irn wo
achieve an acceptable though varyingn lavetagf peofidimmamseof saf
operation and economic and environmgenga2-donsegtuaneseghisi concep

F 3

Practical upper
limit for new roads

Cost or benefit

Practical lower
limit for new roads

Preferable lower limit

for upgrading works O
o
Extended Normal QJ
design design o]
d : !
) omain L domain —_
i D
Design domain Range of values —
N

Figure A-1: The design domain concept
Source: Cox and Arndt (2006)

As illustrated in Figure 2-7, thpriBesign NdbbomainDesign Domaihn :ﬁID[
Extended Design Domain (EDD). drmeaNDbidefioeshthealues of tRe pe
that have traditionally been seleértthdsfao mawn raheésresultingy desidns
safer and more efficient in opemdrentobadnmbaryuctoslitn contrast, the EI
uses values to a limited exteptNolubDsrd@gbosediwabld generally b&cor
safe or less efficient, but usthallythese émpthresiN®BD. However, i the
LVRs, with relatively few head-{(smen€abileg®-g¢s thdy approach c@n g
justified and defended on engingreximgsandde opeoating experience.

The decision on the design values ubd axdeo ptaiche thsilcd Dbgbotive Tata
changes in cost, safety and levels ofismerlvdacdecseigsedotgyatdfeern‘gég be
cost analysis. Such data may not alwayscbkaalyadlatal & hfatr n_e\!ﬁ{tse,@(ahe
in the values associated with specificameségns edesadaty aedfcprara?nce
such a situation, designers should use abutnd gaditetévery ;'au;d;gsmse
potential effects of changes for the naoioed.design elements i

«

-

It is directly related to the truesh@rufnenofiomeamodagdrabcess, since
emphasis on developing appropriatenand athstr a hferc tonetdesegwh
simply meet standards;

The design domain concept providess ttheéhfoldewigmebenefi

It directly reflects the continuoarss hbg uretwe ¢mesealatie, cost and
and changes in design dimensions. Id tbhusoneiidfordde timegp aectes
'trade-offs' throughout the domain andanmdst jthst shhodd b asstlaaal
crossed; and
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It provides an implicit link to thé Sahetgpt afc'dreccdpt that is used
other civil engineering design preadéetye @anehiame orritsskn a.n d

As a general principle, values in shgnuppperapaisthotitdheddaselected when:

designing new roads, particularlyeshose in green field sit
designing roads with relatively high volumes of traffic;

little additional cost is involveadluesthandse of these v

a significant accident history exists at a particular location.

In contrast to the above, values ireshenl ®werapmart.ef inhetbe Extended D«
Domain, should be selected when:

upgrading existing roads, particulasliyetftose on brownfield
designing roads with relatively low volumes of traffic;
financial or physical constraints exist, and

no significant accident history exiiemns at a particular locat

Figure 2-8 illustrates how the Desghh lDeommphiednoeptsimgle design para
for example, shoulder width. In prlaeticeidahvaligdtfbe scchoolsen thatoptimi
the balance between costs and safeithi® dhectiomaih avvidldepend on a tra
off between various costs and bentfét.efoga Daomaiextemicept formalises
approach adopted in this Manual to desigh aaheV\Ranmihheseetbmeuste of fixe
standards often cannot be justified osttheadgsis.of a benefit-co

Access Capital
cost |
1
I
1
1
]
0 1.0 2.0 = Design _.(
Width m domain
Maintenance Environmental
cost i Impact A I
.'
1 ” |
1 ]
] ]
1 ]

Figure A-2: Example of design domlkdarapigiikcation - sho
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Appendix B: Generic Table of Contents for a Design R

The design report that should be aognaitled igfteshoamdpleantain the fo
topics:

1. Title page and Introductory Information
2. Table of Contents
3. Location Map
4. Background to the Project
5. Brief Summaries of Site SurveystéSpfeSidivelyastaed| R exost)
6. Specifications

08 Introduction

08 Objectives

08 Design Policy

08 Design Controls

08 Lane Requirements (if any)

08 Other Conditions
7. Summary of Environmental Issues @
8. Horizontal Alignment =7
9. Vertical Alignment (profile) g
10. Alternative Routes Considered —
11. Any Co-ordination Aspects of theAHigmmemtal and VerticafP

12. Examples of Curve Designs
13. Cross Sections
14. Drainage
08 Catchment Areas
08 Plan of Ditch and Culvert Layout
15. Details of all Intersections
16. Construction Cost Estimates and Comparisons
17. Economic Analysis (if Appropriate)
18. Summary of Key Technical Issues

ubiseqg ol yoeoisddy ¢ |
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3.1 Introduction

3.1.1 Background

There are a wide variety of factors thatnhtarfdkcthe e s mtegicmaeess cgn
LVR and impact on the outcome ofrtshendbewsdgnconhisederfdcdn of physice
financial, engineering, economic antiadnalilrcaffreecrit alh ei sbeneeslapment «
road. Thus, the design approach nea hoticthe amd drdbkranedn manner t
only meets the needs of all road useas doutvemwmientsocorstaeffactive
environmentally sustainable manner. Dl¢ retqainese min odfndheissganding
number of fundamental design considersatchmapters discussed in th

3.1.2 Purpose and Scope

This chapter discusses all of the maemiieectrocsdelsagrafdéa LN ggo th
engineer can take due account of atimnemriakihg pmoxassivifty. Althouc
of the factors are outside the condreh®iinéreine@ srigqeirethto cat€dto :
the responsibility of the designerhiBhalsapther psirtmosetoiineé the vDde
factors that affect the appropriate dedigmgioka td¥rR fahd or<eiddpgdion

designer. o]
~—t
3.2 Design Considerations @
3.2.1 General :o
The range of factors that impact onribedappyo poficet e uyadmead includ
Cost and level of service T
Alignment and route controls (=
Design vehicle >
Administrative and functional considerations Q
Traffic volume and composition o
Terrain 3
Design speed a
Roadside population (open country or populated areas) E,.
Pavement type Q
Land use —
Environmental considerations W)
Drainage @
Climate including considerations of climate change (2
Construction technology (@]
Soil type and climate >
Safety ®)
The above factors are discussed in this order in this chapter. g

Since these factors differ for evedgsigadofteeeggomadricould, inworin
different. It is normal practice toorndgeartdfytotlhedompapgedacttric standar
fall withinthe range of values of these key factors.

P

For urban roads, the principal factors wmgeedififrePant Brod #lries MacfBal.
=

suolle
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3.2.2 Cost and Level of Service

The basic purpose of any road is tongrdvvdty @m e ndceomocoemdonactivity. T
safety, convenience, and comfort of usexrs iate fhetaresciwhooB entthe

standards to be adopted but are not emodssd iins timemesleg |l vaens .e lfelmeent to be
integrated into the physical infrasttcgethee whichhhea&eonomic and soc
order, will facilitate developmenthalt iBefemfhasieaisoplaced on the der
for economic return from investmentthen artosaad s1t eG berveerlablfy road user cost
LVRsis low and potential savings, fbacipoa oéladiaelysemabsts, is even |
The recouping of capital costs througtomtabsateimgsceaanbeusecomplished
reasonable time onlyif capital costs are kept low.

In view of the above, the lifetime codteofmastL¥Rtisadsfeligrtaffecting it
viability. This, in turn, is ditaodgrdebdteletoothde wshich is essentially an
its service level . However, seimupacecisweetelim.altatmain components in
the speed of travel, safety, comforinge asna pfadkingnganstagpiable traffica
or passability. The chosen servidatkavelitils diakfctlwassoe and function
hence, is not treated as a separate vardnabilee Tdeestaimdmiydsntoease from
lowest road class to the highest, s¢aretimiityine batchetyasan

3.2.3 Alignment and Route Controls

There are various factors that contrplothes rourisisO bifigatoreypes, namel
points through which the alignment showdd pehss hantd sphoinltds ot pass. So
examples are:

Bridge sites: A bridge can be locatedasmystwhegkttaedripermanent p:
and also where the abutment and pier .c@hebeostdoapydyobacihntedhe
bridge should not be curved and a skeniderdsisiposshinleld Thheus, to
locate a bridge,the highway alignmeertd.mayneed tobe chang

Areas where construction would involeraexxlessiifveheoastig.nment mus
pass through or cross a mountain, therattterstauoe s duarnel eor to go
around the high points. The suitabidiepenfddhen aloprogatapby, site
conditions and construction and olpenthtdomligosterdf pbegid also avoi
high-quality agricultural land and dense forests.

The alignments should necessarily pass, throuwg$ om polieegestawd
places of religious, social, politictanged commercial impor

In general,there are a number of aremsiswhrecte cdheesaliGhesseninclude
religious sites such as burial groumdsroammeastpltateactendsfoand areac
designated for military purposes.

The alignment controls also imeladectliicdiimins édrtthe class of road
designed. These include maximumrgzadtahtsyrrvadii Kight distances, €

3.2.4 The Design Vehicle

The physical and operating characteaisM®&s cofnvreoHicleesscifséinglements in
geometric design, e.g. tracking of Hadgwes virediiizlestaln cumadls. In principle
road alignment should permit easy paspagaofpassitdery MeWwieVvertyby virt
of the function of low volume ruraloaadfs apcemartidylpcavisommunities, tl
are various types of large vehicles thraaavateomogsuekpeacdadd.tdhus, the e>
expense of catering for such vehicles is not warranted.

The deasivehicle is a vehicle with reprnessentadiviee msd ogist, grmd operating
characteristics used to establish dedligtnago meroilslédsrimadcbendereignated cl
The four general classes of design vehliolétsesdbpvedtbyg mhaanaaetristic
showndino iri
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Table 3-1: Design vehicle characteristics

. . Fron Rear[ Whee| Minim

. Heigl Widt| Leng ) j .
Design veh Cod (m) (m) (m) overhg overhg base| turnir
(m) (m) (m) |radius

Passenger| DV 1.2 1.8 5.0 0.7 1.0 3.1 6.8
4x4 Utilit] bvg 1.3 2.1 5.8 0.9 1.5 3.4 7.3
Single unit| DV3 4.3 2.6 11.¢ 1.5 3.0 6.5 12.8
Single unitf Dv4 4.3 2.6 12.1 2.1 2.6 7.6 12.8

3.2.5 Administrative and Functional Considerations

Each inter-urban road may be classifieddasy,b@®iisgrPat maryde Sigaa
Secondary road)orTertiargaspteus2raApgrimachné&ibDesegh-1 and FfAgure
2-2.This manual is concerned only Withsma\dascd:baspfrljm(atriidy,fU.Iélgele
District and Tertiaryroads. These readsteencthewdokvéseriencdhy._Veh
flows will be very light and will beoaggarggated natthoer 6. Geometquc st
may be low and need only be sufficiabhe bx geoyitde thgprapal a?ricu
commercial and population centres titadtptrogy stée one. cFutthetdotal move
are likely to be by non-motorised trafibtoacgcliens mearyy beereashecome
dominant mode of transport. 0

Secondary and District roads have tlradfifanotiamdofrédimkingalk areas,
directly to adjacent urban centres or twortkh.e TPrrafiecryisoaggnegated
increases as it moves from Access to Secwoldargs o Ptriar fircyw bl & d,gama |
be correlated to road type. Traffic fllo@secandatyipobedsgthiell fOE of

intermediate level and geometric standasad frdghecetﬁsanrwladsewd_'zjld

required. o
Q

Primary and Secondary roads exceed thethiafficidalige ferapylic le,

users should consult the appropriate geomLedhi(rochajssigmhmraenua/IRfsmlnte

with them.
o

Whilst this hierarchy is shdhmptierpRistipatiyachFiguDdes2gh and Figtre
2,in practice there will be maomy aonvce rd bepesr alfiStinctions will mtot aﬂ%ays
in functional terms alone. Thusasptlicdagdrdunsuadhyalrelated t@the traffic
are always exceptions that requioamsspekoal examspder stratedéc ropgs c
traffic but are essential for secdstyservasomg,sprecdifoc indutwial a(_Btivi
traffic but heavy loads, e.g. quwatireygsng or mining acti

)]
This hierarchy should not be confﬂsaelldnmmtrtaeivobivésimmneibiliti(eg'Wh
be based on historic conditions. 5

3.2.6 Traffic Volume and Composition

The AADT of motorised vehicles witlwites ohemwasi@xheshprd of ddfin
different geometric road standards, botitiedd asedsom¢tahfées oo @pos
Five standards are definedChsaapuamnbarCsedTadéethioh, >

However, as indicated earlier, trafifig aspennt tic hne)tcornesideredgn d
design standards, and the functional eleesrsailflic agtliamyns @f dbm imeand @ol e .
nevertheless, important that the defugratooalotfypersadudg not gpve
overdesign for the levels of trafficThetuabld shcouhteradksigned—-base
task it has to provide, primarily thertyafDetalhlst fiarhasunding amal pr
traffic are pr@&dptdeit Traffic

Suoll
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3.2.7 Terrain

The terrain has the greatest effect offotdeitcostnof roadsgmheaé to apply t
same standards in all terrains. Drivers ulsamgwiLthRthas eamalr moawleyrfatandard
are expected in hilly and mountaineusotedrahmatlithehdefdnbtion of terrait
exactly that, it is not a descriptioneat oOfetleeemtadl aFigmmxample, i
mountainous terrain,the road aligniantby &yl lwevredacioretiyurs but it coul
more direct and contain very steep grades.

Three categories have been defined as showninTable 3-2.

Table 3-2: Terrain Classes

Descriptit{ 5m contourg Characteristics

Largely unrestricted horizontal aid
natural ground slopes perpendic
contours are generallMibienam 38¢&d

Level/fl 0 5 . .
alignment will rarely be necessary.
part, follow the ground contours nadn d
will be very small.
Low hills introducing moderate leve
some restrictions on vertica naltigmah
slopes perpendicular to the gro
Rolling 11 25 generally between 3¥hasd I2w%s.tand
will be able to follow the ground
amounts of cut and fill, the higher

more substantial amounts.

Rugged, hilly and mountainous with
in both horizontal and verfibel redt
Mountain > 25 ground slopes perpendicular to the
generally aboNig®Rearsstandard roads
require large amounts of cut and fill

An important aspect of geometrec ade bkiitgyn od owecteiie stito ascend steep hill
that need to be designed for vdoy la@mamwalvd hawle sc@rts require specific st
to address this, for example,ssprecitdnaiellyinth éatreechnology df trucks has
greatly over the years and, proosdded othenl caarceedoftwdich is a separate pro
poorly maintained, they do notialstedbtmequ.ir@nsplee other hand, animal-
carts are unable to ascend relatndectytlOowngréaarnetmtesm in hilly and mount:
terrain is rarely possible. ClianjnistgfladesnclaiRast or can tdhwe provision o
maximum gradients. The maximumfgradifdete ndllrovaabldasses are showr
Chapter7 Design Standards.

In mountain areas,the geometric st@odatdofotrhke \cRan dtrlkaestacimposed by
difficulty and stability of the terraiard bmayhieedlesoghestaddced locally
order to cope with exceptionallyitdofifsc uktve¢eyraffocosldould be made to d
the road so that the maximum gradiestaddasdsosGlxeemteed Th®esign
Standarlst where higher gradients cannodubd e orieetdjctedyishlength.
Gradients greater than 12% should nandoedbefiegradaen2d@ne also requir
Horizontal curve radii of less than tfhle5 mimiew o medciféesd® unavoidable
and warning signs will need to be pyaviagdlbwufeiltielrtdytearivert if neces

A fourth terrain category is sometimiescdedimeadte qqama e llyuarthis is such
an extreme terrain that uniform steneéamsdby fdefinednimod dach road in s
terrain needsto bedesignedon itsown merits.
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3.2.8 Design Speed

Minimum horizontal and vertical curlvature snaxemgiowverancaptable leve
lateral and vertical acceleration and meqgunrerd Boglstafléessampeing and
manoeuvres. These design parameteostheeyehiclanspecldseassumed
design. Curvature standards arethus depenmnsderetdon an assumed desi

Within this Manual, the adopted desygsatateae dndras€plgwat|7n

Design Stawdaydwith both terrain and level ofittmafifSit I o wm plroansé 8 e d,
that these speeds are intended to pnevsdenay appwegm ageoaoetric ele
rather than as indicators of actual viehiaklelespaetrids an ahy paatd secti

The use of lower design speedstenrahia nsoiretaniféecduto incorporate an
reduced driver expectation and perftthemaered &c keedp construction ¢
acceptable levels. As flows imenebtise . fthm Ireevdalcefd road length also i
generally supports higher standaadd whortmore utiegct

3.2.9 Roadside Development (Open Coaadfy or Populated A%
When a road passes through a pdpadaetetdwn maokéearea, safety st
consideration. Pedestrian footpadtis argéeseqbiitlea rmad and shoul ref
bethe road shoulder. Extra width magazlsaibecrtegquifed parking and, for
pick-up, but such a wide sectiondpifvaosadoe ntoneragesspeed; thieggfor:
reduction or containment methods(sdfewldoth € eRpddysdfety —

In built-up areas,the problem is cxlyemcefadecdactimgatthareajfLestifiedcb’ase
size of the area or length of road thwdhgsdafhecsedseThk floollmaking
decisions, but no precise guidelineshbacve beghnaeniabogedgenrpnt

consultation with the local community is required: cC
How many shops/traders are there? -
How many people use the area on market days? g—

What development and increases aren¢iktetento/ danmsfen in thie

In practice a basic standard is specc’nbimdb,iraesdiwciiiibastenheatedwm,eng of
calming as ded$caibe&d Road Shlestye standards are not justified f®r th
levels of LVR1 and LVR2, unless thartbcad aphys ses! Itpropuwgllate dp area.
circumstances, the shoulders should dte Wwodethed exseap po b @ hie @pul
area.

3.2.10 Pavement Type )
The friction factors for paved and uramaiye diféadesntarendigmidiagfect
distance required to stop safely and thien g afler\sgpz.e d hftog, mle@og'gfptme
standards differ according to the typeaot d)uEfs cki § pGlyap deorvun p-.
Design Standards «Q

-}
3.2.11 Land Use and Physical Features

Land use influences the design of theadrahrdagecfeesastuoei;hefra)areb) D e
with water run-off and potential erosieom,jriogroetcam pdep otrm § deagn,
of which is geometric in nature. Twidbellaapesct s aAdidemlent S

3.2.12 Environmental Considerations (2
Road construction affects the environcaenbendmtanyemagls bthatCady als
positive. It is therefore importamtimeaatlyfctdresiel exfftdqicts at the @esig
the project. Mitigation measures for arcbdrmesimad andasgeialf iempagt I
are addressed in the Paveme@hdpesirgh3M#&®maatjcal CMms'edJevrart,igps
local environmental protection measumessllafodunmdgdliantidam taieeans sh
be followed in all road construction work. 5

>
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3.2.13 Drainage

Consideration of issues associated witls dmainmadiengpflahd caadsagrificant
affect the geometry and cross secteomhofcth e frideeddwaniiagéhsystem can af
the cross section or formation widthigi hreg,uiaeso heativeérdenage issues
considered at the earliest stage ofstihree désitggepmoeersse tdeign decisions
informed by, and supportive of drainagmedesigh.diTdimamaimeslign are
addressed in the PavemenC Demstigm 8V Draahage and Erosion Control.

3.2.14 Construction Technology

In a labour-abundant economy, it is ususelyhbemsediofallabouraxather than
predominantly on equipment-based nuetthods lonf Soald osiswation, the cho
of technology affects the geometric staawvkardssthadialdy ime halklyiand
mountainous areas, because:

1. Maximum cuts and fills must be small.

2. Economic haul distances are limitsgichgowthecedebachoansable u
3. Mass balancing is achieved by tratushi@adeemathemdiiamdang.i
4. Maximum gradients follow the natural terrain gradients.

5. Horizontal alignments may be less direct.

The standards in hilly and mountainous tkamaiim dftet alevagsn |[bwterthis
reduction in standards may need to be gsedtarewmhede dabowseld. However,
this need not always be so. For instancdinfod lowirgctilosedy will make the
longer, but the gradients and earthwoBusercarefbertl essso slalvédoree . made to
preserve the same standards in the peaetdc urlrerstpee ¢ aiivne emfctduenconstructio
method.

3.2.15 Climate and Soil Type

Varying standards of geometric desigapdoifioalbyxtetctomaaeeand soil ty|
However, it is important that theseafecodons arehtaklesigntoof the draina
featureswhich affect the road cross-sexdipit achadsighus, the ge

Engineering adaptations to climate clraRgeearenddiessEhdiaetlal,
13 Practical Considerations.

3.2.16 Safety

The mix ofruraltrafficin Zambiavefyemldncdode-snrevatg and overloaded ve
a large number of pedestrians, dnipoalsidbriywbicnwecte and motorcycle-based
of transportof goods and peopleurPand goieere bedrawiment of regulations
that methods to improve safety diesdigghassgimeg@rangmount importance. T
are dealt with at appropriate pMzrsattar®dadhCytChheepter 2 Road Safety
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4.1 Introduction

4.1.1 Background

Roadsshould be designed basedheny tmesrduacftudfiltivatcth isprimarily to
estimatedtrafficvolumes over tlyeicamebigtabilyeamsafefficiently. Thus, r
on traffic volumes and charactefosgeenmgeriesdesigal as well as for |
structural design and for assisftimrogpdnstfetylardagres, as summarised

Geometric delshgnvolume and composition of traffimormoth mo
motorized, influence the design odritimeggeewaygsasactsbou(ders).
geometric design stanCaradmstgrefeDesign) Bitestdartees adequately
for the traffic volumes expected on LYR®. bflehmoa ifiad deasisdner
the characteristics of the traffic usingttheafbi@dm iscecsh iael wdihe
numbers of NMTs, motorcycles, largesvehicles, and pedestrian

Pavement delshigndeterioration of the pavemedhtthse imfdgentaede by
and frequency of individual axle lodhasighoofth® Rsruatuange of -
Load Classes (TLC) are defined basedadedhtn teafiiscobadnmmglza!
equivalent standard axles carried in.thEhapeedcdd Tdesiignalppdic
over a range of traffic levels.

Road saféhye volume, type and characteristhesroadhealltiaffue use
the type of road safety measures requered rtonemsntre a safe roac

In view of the above, reliable estbmaedsnef) tdred etuisuisgtr@ffic g9lun
required to design the road. -

4.1.2 Purpose and Scope o

The purpose of this chapter isstéoprovucheipgdasekdree traffic and aedi
traffic for determining the traffiovalesngrasgathasyeofmetric compgnen
road. The procedures are essenttiably veqyisecilar p@avement structural
describ&dlimme 1 Pavememrixbepigtrhat information aboutgaixledloads i:
Information about the volumes ofylcges amed fNdM Teotoyclists, ped€strie
animal-drawn carts) that have noucnbined ndesogn tlaeesall required for
design and forroad safety considerations. —

—
The chapter considers types of surpeys ftdradetreonmdeirtgethe degjgn

This requires the data to be sufficienmetliyal@lecioreeteatsa atttdien fartuwe tr
volumes. The chapter considers variouscanylsethah irweld f breacdaBin r
that all methods of forecasting traffic armastudnecThtws erseveraf gaettih
should be used anda sensitivity analysisedkot ltchkeemoestrileklebytresult
on engineering judgement .

4.2 DesignlLife

The design life of paved LVRs is usuladlyraéfiatfdrOwhilchye ammsadTis de
should be such thatitis not significdhetkendnafeirtd eeiggadlide or over-
at the beginning. Thus, the traffic ahetirdelidessgunselthif® megewires a pr
of traffic growth as described in Sectibmed molsé|owpolHtoame vieroperty
geometric design is usually the cespaxingtod maarjoads shuet for LVRs bec
traffic level isgenerallytoo low poolxlemg@ktdipteta2 bAmpproach to Desi
Section)2.5.3

Reliable traffic estimation isrequired tatéegeomiateitbed@spgo standards
also theroad safety measuresforthe variipher cdsrseasrd$§ odarb.atharé b
on relatively higher design speeds whiicdiemedgse lteor greirdieadciaorf minin
curvature and possibly lower maximum gradieoiuss ade ssihownalihe gh &
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Chapter7 Design.SMNl@hdaghsthe boundaries between one fovad class at
terms of AADT are based on the best shvoded bee dvaalebdl a,sthpproximate
the light of the uncertainties inhenent in traffic estimati

4.3 Traffic Surveys

4.3.1 General

Traffic surveys are required fos wedmasritodegdegmiag purposes in tern
evaluating economic benefits derivtednfrofmLtWiRscoRsetruhese purposes,
necessary to ascertain the voluimeuamedht am@ dsittuoe traffic in terms ofall
classes, motorcycles, and, importantly, NMT.

The following types of traffic sarvieys cauke ity pheatbjad project area:
Classified Traffic Surveys
Origin-Destination Surveys

4.3.2 Survey methods
The most common types of surveys fog dbenttiatfianich elacslksityass are:

Manual and Automatic Traffic Survey
Moving Observer Methods

Although the methods of traffic copamdtivge nodye ®ahymeliboalbremains the se
essentially to obtain an estimate of theraffinuglAADE&)ageirngaitlye road
disaggregated by vehicle type. Prediotimmoafsisyuchptreadise,i especially w
the roads serve a predominantly demetopmantalvbersabeatrfaffic level is

4.3.3 Reducing errors in estimating traffic for LVRs

Increasing the count duration

The accuracy of traffic counts can behel goameddibyaitneneasibnyg counting
more than one period of the year. lahpoolve dhalticwred oy arsing local know
to determine whether there are daysewiadtisndihrengetle ooear when the flo
traffic is particularly high or low.

Figure 4-1 shows the possible errorsraffixAdol retstiofavasyiog duration. -
figure illustrates two important poiwntstrh)ffibadcshotrd dudatv traffic situa
can lead to large errors in traffic estingaltitdahe asrcd 2¢ thoart itheroving accul
by counting for more than 7 days. Taifs¢ sheveysatsbaubd be given care
consideration in terms of striking a dalancreadye.tween cost an

om— < 75 vehicles/day

76-200 vehicles/day
e 201- 600 vehicles/day
= = = 501-1000 vehicles/day
w— > 1001 vehicles/day

Error (percent)

TR |
12345 10 15 20 25 30 35 40 45

weekdays Duration of counting {days)

Figure 4-1: Possible errors in ARDBnestomate sofroaryriam duration
(Source: Howe 1972)
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Errors in estimating traffic can be r@Hauscsadi dg Taakysofgloow:

Counting for seven consecutive days.

On some days counting for a full 2énec@¥dshpuefesahtyowighweek
and one during a weekend; on othe(tgpicsgllly6 06000 caand@® houl
should be made and expanded to 24-howsly esitadblishreg d @:r2eds h
conversion ratio.

Avoiding counting at times whemawoeadks ¢saabhacmiality; ifor examp]
after the payment of wages and salaribkic drobkiddyug verstaniynet ho
occasion when traffic is abnormallyf hhgehharvewt $lecasewners durin
wet season (often the case, for imduanicye), iin itbdnpobeanit to obt
estimate of the additional traffic tygdcdulnyincpithieslebyetrheds.

Adjustments for season

Usually, motorised traffic volumes wiléabsoarea@asetyipichelywe80% of th
season level. However, on poor qualéty aro aks emeis thidferemarked, ar
wet season traffic can decrease to as much leveds% ofsllowrsdadogu
4-22. For the purposes of this Manualt rozds havastramfédabhlity pro
when wet season traffic levels fall basow bebveds .6 Dt% so hldmoy pmessible
season traffic may be lower than wet sewheoa srafdic tend.tonbecease |
and less traversable in the absence of ground moisture.

B
(]

M
(=]

100

I [=2]
(=] =]

M
o

Wet season as proportion of dry season traffic (%}
0
S

.g

Small bus
[
Motorcycle
|
Animal
Transport

Jjell v is1deyd

0

Figure 4-2: Difference in wet setradhiahelvdiy onasoor quality;foac
(Source: Parsley and Ellis, 2003)

An appropriate, weighted average ad¢umtardentacwciolrdiegdtootibe seas
which the traffic count was undertakenwandntd edde nsgetdisohd, as illust
Figure 4-3. The Classified Traffic Countbenagpeahteaefarte]ecromsve twic
throughout the year.

ADT, ADT

w . D

M, M
: Wet | Dry |
I Season I Season !

Figure 4-3: Basis for traffic cowrttoadjossmasdnial reHaracteristics

The weighted average of the traftice coaandoimatehatiaateésistics of the
which the counts were undertaken i®swbtained as shown bel
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ADT,, X My, ADTp X My
12 12

Weighted Average ADT =

Where: wDAverage daily traffic count inthe wet season
ADpl= Average daily traffic count inthedry season
Mw = Number of months comprising the wet season
Mb = Number of months comprising the dry season

Location of census points

Care should be exercised in selectifgrappropciang tbeatrafisic counts
ensure a true reflection of the tratbicavsidguhlde rroard cavred-counting. Th
locations such as within villages or madkdt places should be av

If any junctions occur along tlseshmaddlerlgbhpeocomducted before and af
junctions.

Origin-Destination surveys

While the Classified Traffic Counts wilthprourdenitnfoafiediarimg the roac
Origin-Destination (O-D)surveys mag bleeregtumadiao bdcdlimatted traffic f
alternative routes once the road has kee®unprdwnwear vioupmeaydoccur due
drivers wishing to travel on a gejc&lehoughhehaigemagutot be the shortest.
combined with other estimates of tratfad gnmopwolvdmléoaw,ing allows the tot
traffic flow to be estimated as illustra8¢d in Figure 4-5(page 4

Origin-Destination (OD) surveys cah beyuofdesumraken tesing qai evarileut are
generally quite costly and may require ProdiassiBhascefoof ifidavfiidual L\
projects, it may not be feasible toDusdeveylse full-scale O-

4.4 Traffic Growth

To determine the future traffic in eadhhdtirefdiconlas sfearred aateat future tra
must be made based on the current traiffhigle Fostimang b&¥%Red aon local
precedent or recent experience shoadd didusatibicieho bldtbe reviewed bec
traffic growth can be high and more conbprehemainvtedndlycshisamaynalysi
will require an estimate of the inotidlisrabficpehed. thkerinitial traffic s
include the normal, generated anudsdiateteich tFadglice d4s2ill For geometric
purposes, it is necessary to count nmoediattomeaharnd tnaesport includi
pedestrians, bicycles, motorcycles, tipoctoitslygnantmedletrsamanpgrt. Grow:
rates for each traffic class may diffemg Wwath em atoarr yctifeesr grelwicle s .

1) Normal traféifdic which would pass alongralkt& exiestinfgnooadwrgeometry
was provided. This increases natmralllsobiyaliatdeecfonomic growth.

2) Diverted trafdf€ic that changes from another roujet¢othmode of tr
project road because of the improveavelvbemttmdemuhetsdnte origin
and destination. Diverted traffic shoaldoballyoneiderrceadd whetro be
provided or when an existing road esttionbee ithgroveédmd of divertec
traffic origin-destination surveys of amlthjeu pc bijercs tbad aadjoimstially
required but this is usually unnecessapyfoaclhVigssik pliyagoasicume
that traffic will take the quickest theteoiddthe ataegadadlefand not
route that provides a rough ride even if it is shorter.

3)Generated tAafditional traffic which occurs in seepopose to the
improvement of the road. This is tratffacegenenaite droywsnmyesxlting
from the road. It is likely to be aseadgpedterd thremnocoemal regiona
economic growth. The initial volumeamfbgeobktraitredtbafftonducting
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interviews with the existing road usistsfothe omteuwmdewstamdir
whether upgrading the road would hebedrtofatmiprscimased ately. O
planning factors must also be consifleermeds HAokrebdmipereidsa its
outputs as a result of improved roardpsogdntéeoate dtlaes & xersaulit sh«

be considered in determining the generated traffic.

There are several methods for estimatidgetce thmabfitctsgraodwiEntages
in Table 4-1oHovadvenmalmsaatiatiecd aga
is usually proercede bty thee groralle@ovs that o
trends may not reflect what is likelyMBshhppea bhnesmedifods will not
robust and reliable figures and so someutdé¢lgeegualifydagfe theent atla wi
the best estimate. kbhoodk dgeeslohildtoalways be

disadvantages as summarised
general growth figure

required to obtain

available.

Table 4-1: Methods of estimating traffic growth

Method

Details

Local histori
precedent

In some cases,annual traffic dathefode d darbay maomg
might be available. The traffic date the trafibe d ri
The growth rate on the project roadmwidl kik etlya
adjacent or nearby roads.

Vehicle regi

The central or regional governmenft thainuaith® raor
registered annually, therefore, thh nateuabhnrafie
from these data. However, regionalrerezantalta atha
since nationwide data may not besmpeoid se prratievet

Weighbridge

The annual number of trucks weigheds aa wreeghn
estimate the growth rate relatedgbaieasrious truck

Fuel consum
trends

The government s customs departmemft fmal nita prog
imports are related to the demandedwvhactheéstraffi
rate.

Economic gr
estimation

Traffic growth is closely relatedcioon ¢olmey gnewshref
of Gross Domestic Product (GDP). EBE®ohenoilct airrog
government plans and the Governmenguessimahed
rate of traffic should preferably bewhhsedtiomatreg
there can be large regional differences.

Population t

Local population trends can also pnoabbaitupesslil
growth.
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4.5 Traffic Categories

4.5.1 Vehicles classification
Table 4-2shows the vehicle classificatliowg sheteesultsdofotrheotmaffic surv
described above.

Table 4-2: Vehicle classification system

Cla Type Axl Description Use

A |Car 2 |Passenger cars and|Capacity ang

B |Pick-up/4-wheel drive| 2 Egcnkd-ucpr,uirglenrlsbus, Lag(relgmr_ggrdlcsg?
consideratio

C|[Small bus 2 |"d 25 seats

D |Large bus/coach 2 |> 25 seats

E |Light Goods Vehicle 2 |"d 3.0 tonnes empty

F |Medium Goods Vehiclg 2 |>3.0 tonnes empty w

G |Heavy Goods Vehicle { 3/4>3.0 tonnes empty w Capacity and

H|Very Heavy Goods Vel "e4|/>3.0 tonnes empty Wload analysis

| [2-axled trailer 2 pavement de

J |3-axledtrailer 3 |Trailers towed by M

K|4-axled trailer 4 |VHGVs.

L {Tractor 2

M | Motorcycles, motorcyc Capacity ang

N | Bicycles, bicycle taxig gﬁgrﬁggécsg?

O |Other NMT (e.g. anima consideratio

P |Pedestrians

Thegeometric designstandards are modtifo@edolb eheeadvpveahecpero po the traf
stream. The modifications depend odesderirmadl inldbs anwdeareo the Table:
Standar@hapter7 Design Standards.

4.5.2 NMT and Motorcycles

NMT includes pedestrians, bicyclists, ahd amimkilnddawamdartsofT non-
motorised vehicles, two-wheeled vehactesasazmd spalderstréams of the effec
road space that they occupy, accormipartteonT alolendt8.thtatisin the context
LVRs that the use of this concepttriafhict cooongeestied witbdcts. Such proble
not occur on LVRs. The purpose isvodbudrecode wdedhtenfhice categories warr
widening the carriageway or shoulders for safety reasons.

Table 4-3: Car Equivalent (CE) Values for mixed traffic

Vehicle Car Equivalent
Pedestrian 0.15
Bicycle 0.20
Motor cycle 0.25
Bicycle with trailer 0.35
Motorcycle taxi 0.40
Motorcycle with trailer 0.45
Small animal-drawn cart 0.70
Bullock cart 2.0

All based on a passenger car = 1.0
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4.6 Determination of Design Traffic

4.6.1 General

The procedure for determining thentdadf éicefhoe federsegmicpurposes IS e:
the same as summarized in and explained FeropavEmee htafifdsiqamadgBi
be separated from the analysis for geoge®mietrdesdgsignnceqthirement
ultimately the selection of aroad clas$é awitl ¢nblueseetiba twiadffic loa
distribution. The analysis for geomegni @ wamd pasyemend dberefore aly
carried out together.

4.6.2 Procedure
The procedure for determining thelectidohifeftraffdcchasks se confined tc

to 4 as illustrated in Figure 4-4 anddescribed below.
s
(: k 3 _ B STEP 7 B
Select [S)TE'P 1P 5d —»| Estimate total mid-life traffic —> CEE;:“?'@ c:mur?tllve lESAS
elect Design Perio 2hd scloc Roarl Class ( ) for all vehicle classes

\_ ) & ) \_ over design period )

A 4 Y

STEP 2
Estimate initial traffic

STEP 5 STEP 8

- Estimate mean ESA per Establish traffic lane
volume (AADT) per vehicle ; et
vehicle class distribution

\. class J . J . J O
0
4 N 'd N 4 N QJ
STEP 3 STEP 6 STEP 9 e
Estimate traffic growth per p— Estimate mean daily ESA = Select Traffic Load Class —_

vehicle class (DESA) per all vehicle classes (TLC)
\ J \_ y, \ J D
—_
Figure:&docedure forselection of Road Class NEN

Step 1: Select Design Period
The design period of the LVR providesgthree bra'sdsliferteesftﬁimaviml__glme

geometric design purposes. Q
Step 2: Estimate Initial TrafficCMabilsme per Vehicle ::

Based on the traffic surveys descrinbtedlibr&fdcdival4nde floe each—wehi
can be determined. For structurabnlegstige ponpoeecialtvishicles i cla
K inclusive (refer to Table 4-2) thaanwitlomtaikeution soghhitictotal num
equivalent standard axles. However, i cdosigasgurfposgsomeits neces:
countall traffic including motorcyxriesettraasowse,lbmd amadlnon-motoris
including bicycles, animal-drawn carts, and pedestrians.

Step 3: Estimate Traffic Growth per Vehicle Class

Following the establishment of ther laasdisies tisaftigyiterdhe establish
design traffic based onthe forecast odhticdéficlayse wito iffo reeaccdstv such
it is first necessary to sort trafficgincaeegwriet ased ésldoiwied previo|
Section4.4:

Normal traffic
Diverted traffic
Generated traffic
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Estimating traffic growth over
is very sensitive to economi
prone to error. It is therefore
low, medium and high traffic ¢
input to a traffic sensitivity af
design purposes as described

Total traffic -\

Traffic volume

The growth rate of each vehig
considerably. Traffic by Light
example, are usually growing
that of Heavy Goods Vehicles
taken into account when esti
loading.

B
>

There are several methods fo
growth, as presented in Table

It should be born in mind thg

design classes and structural » Time
guite wide in terms of traffic r=nns funirattu =

range of 100% or more, hen Figure 4-5: Traffic develog
required of traffic estimatior improved road

common method of choosing the uesiyn traitic s

simply to estimate the initial traféircd preoledangddtveffiedand to accommo
traffic growth by choosing the nebkbthgheamerdccaasissftouctural design.
be seen from the traffic ranmteaspnem 2blkpd+rdaphhatDbedigs equivalent

to increasing the traffic by a factor oWwthboatetwb abauttr8Phic gro

Step 4: Estimate total mid-lifRotadfCilasasnd select

The AADT in both directionsin theoifbistty @drtbé amatgaistraffic plus an e:
of the generated and diverted traffdé€ficl haiderfotlee totaAADT and the ge
growth ratgerscent per annum, then the traffic,i i@ngisebskeyudet year

following equation:
X

AADTy = AADT, x (1+ 1%{))

This is illustrated in Figure 4-6, whridlorsttoev& ADE mrultthpeliféerst year of an
to obtain the AADT in any other year.
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Figure 4-6: Multiplier to obtain rAdiDflerienanyr ywah fates

Sensitivity al@adythis:final selection of the Roada€rlassutit isep
analysisin order to cater for:

Different traffic growth rate scenarios.

The likelihood of future developmaeets iimdulséryreainieng.
agricultural development, new robhdhpve)aotts atteadw thice
for in the traffic growth estimates.

If the estimated mid-life traffic, bas¢ibm®, tisectuwseend #ahses wmp
of LVR class, and the sensitivity anakbkysbo umdiarayt esatyh be tdnec @
be prudent to assume the next higher ttoemdmgdast @afnthts as sté
design. The impact may be negligidieriidl theatiedquisedeadily
significant if the higher TLC would diesdairee boogamwoldaiileegion
available in the vicinity of the road.
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5.1 Introduction

5.1.1 Background

The cross-sectionaldimensions of a ireogedw apyaa hid wsllaolwl dés wadths, he
significant impact on constructionxtoxsftd$ \ARd, shotthld b@enteinimised su
operational and safety considerationss€@leneebdted wodthe atasslidicat
the road and are influenced by thaevartibe@haptdercd3teFiendamental
Design Consid&hasiomesans that the cross section magutarjecwersea pat
the controlling factors may vary.

As discus&eddpgner 2 Approach Secheni®@n5.3 and illustrated in Figl
Figure 2-6, on LVRs there is a reyaoifveéehisrhed Inpeebialyiliand the man
can be undertaken at very reduced spelea scoBhuesf,fdttiwoeultd rm@lopt ¢
section widths that are typically usedhen HERbewcteh cof mellciclles passi
other in opposite directions.

Of particular importance to LVRs is thaeneusdyofocattteeingqsiimeuhent
motorised as well as non-motorised trarhféccamcd m e taersd eisa,nEt.ilsnnsec e s ¢
to consider cost-effective ways of sedyp@eastioff rhaedeuvarsowsdthin
appropriately designed cross sectiony Wiodeesampliderserhdgilvielneed tc
consideredinsome mixed traffic situations. O

5.1.2 Purpose and scope >
The purpose of this chapter is to pebevdti®engwifdehiengarfous element
comprise the cross section of anLVRemaldrdbjetdiataionftheoomd iy fi
purpose rural access roads at reasChaptercdstApprsadachddtion Desigmn

Each road should be designed in accrerpuwinemenith atrsdsrpmajiéis:ig(.gs w
exactly the same. Thus, instead ofnppasanbiegsexacdaléses arg, giv
ranges withinwhich acceptable desigmsodanenoMmmhad|proeidesonhe req
flexibility to adapt the design toumesdiahferenmpragficomeland terrains
as the provision of access with limited budgets. O

=
The chapter addresses all thecross-seéecaiob4Reircledisgtravigideyd wa
shoulder, right-of-way, camber and cilowsetathasildeexltsspes and

0))]
. 0p)
5.2 Cross-section Elements 0
5.2.1 Terminology (0}
,L' Road Reserve | o
i | —~
el ——— Carriageway | = —o
é /‘i/ Verge A Travelled Way —* Verge /i/'E (@)
2 | - | &
2 l Road - | r.: 3
c Pavement ’aﬂ 'z
S| o | &
g : e — - . Dﬂ:-?
- | Existing - | 5
] 1' Ground ‘.’/ <| =
g1 S EE - |
! \—/ ST —— !
! g !
€ E c
TR g g E] M '@
: w58 | 5| S s |5 5 |58 S
< il = i o = &=} P uo:
w E ooy 2 £ £ 3 W av|E s
= 7] o E .= i © © = =] o 8|e 3
) [+3] TR v = (= v (7 v — |0 v
1 1 1 | 1 | |

Figure 5-1: Elements of road cross section
Note: Where therkoaled exes she Travelled Way = Carriageway
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5.2.2 Road Width
The LVR Road Classes and the associatedebssacecsossmsecdeaniparam
Table 5-1and take account of the following factors:

Classification of The hoghler the class of road, thserhvigkeer the lev
expected and the wider the road will need to be.

Traffids the traffic volumes increase from CraswilLlVIRel hooGlass LV
frequent passing manoeuvres and th ére ffaurd htdre fvemmi ¢ hees ceiltreline
of the road and so, the widerthe carriagewayneeds tobe.

Vehicle speesdspeeds increase, drivers haveedalspocinitonl odf the
vehicles, reducing clearances, and scadddertravelledwayisn

Full details of the design parameterss i@hea gteawh- Dne shgnTAbderdards

Table5-1: LVR Road Classes andgasparrcdmtetek rsasic desi

Lab¢Design Criterion JEAIEN Cas5CE
LVR LVR LVR 1 LVR LVR
Mid-life traffic (AADT) <50 50-10 100-20| 200-4 >400
A |[Travelled waymyideohinimum) 3.5 3.5-4 4.5-5. 5.5-6 6.5
B Shoulder width (m), unpave 0.%0 0.%0 n/a n/a n/a
Shoulder width (m), paved, n/a n/a 0.31.0-2] 1.0-2) 1.0-2.
Camber/crossfall (%) (Pave 3.0/5.0
Shoulder crossfall (%) (Pay 3.0/5.0
D |Backslope of drain (v:h rat See Table 5-2
E |Side slope of drain (v:h rat See Table 5-2
F [Depth of side drain (m) Varies
G [Side slope (v:h ratio) See Table 5-2
i [crown neiant (m) T
J [Cleared width (m) Desirable A + 2xB +6 (Figure
K |[Embankment toe (m) Varies
Drain width (trapezoidal drd Minimum 0.60, varies according to req
Right of way District and Branch roads 36m, ot
Notes:

1. The widths of the travelled Wayplen%- % haorel derts pimescriptive in that:

a. They provide ranges within whiehethethdeesigséragpapropriate widtim according to
type and difficulty of construChiaptése®r Dablgs)i®tandards

b. In flat/rolling terrain the rargdy wedphowdlédhavhereas in steepraimdtimountainous
narrower widths may be used inadowildieraitignow pasldog bays if so required.

2. On road classes LVR1 and LVRZewleérprpaiskedg tthaeysminimumewiapthwoll the Carriac
be 4.5 m comprising a Travelled W&a@ mfud.hbamedrsthdulders.

3. On road class LVR3, when a dth im arhojetieeld 2va\ vbi0 m pavedshsidemrmad should be
on curves and at other appropvidee doCatidangetwaprwidth of 5.50thawehithile will accomr
occasional passing of large vebiolfe vawiicdher widdthlddepending banpas)icular circur
should be provided when the CaNMIguivalKotgrc@ENesf> 300 (se¢.Chapter 4, Table

4. On road classes LVR4 and LMWRIBthté eaclcrameléad edagre adequateifkerdaccommodatir
traffic with a CE < 300. Paved shdthlda@respefdiagyiorg particular cibeumstances) shi
providedwhen the CE > 300.

5.A camber of 3.0% is recommendedugh paeepgerothdsn xatidional rieguesements, it fa
more efficient shedding of rairawedercanrielgéweayy ,naccommodabasevabtruction tol
+0.5% (taking into account theodkshsa ldngdc @bep epirtrtaetors and, LaBid of construc
does not adversely affect driving conditions on LVRs.
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The typicalcrosssections for eachatéyriehe $papee afoer dosbngave
roads, the only difference being theat ahd igurfa &i-r2gt a iFd guarte 5 -
there on the unpaved roads (refer to Tablef 6hrd shombolsyplanat

- I T

Pavement Layers

Figure5-2: Typical Cross Section in Flat Terr

Figure 5-3: Typical Cross Section in Rolling Te

< i '

| =]
e d i

Retaining
Structure

et Pzvemenl Layars
—

-~

Bench Widlh

T —— Drain

Figure 5-5: Typical Cross Sectioamifor Escarpment
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Notes to Figure 5-4 and Figure 5-5;

1. For cutslopes refer to Table 5-2.

2. For details on the use of interxieptoseantheuRaofdndernt Design Manus:
Chapter 8 Drainage and .Erosion Control

3. Cross-sections can be in eithceormfluilh &ilb,nfofl thet tovoain varying propori
as determined by topography, alignolegt aRe tandedlyudl fgld is shown he
for convenience.

250 deepT— Sl

i
4

I‘ J >
|
<1000 ><—B—-|« e
‘ ] << A € =-.,E1 Note 2 |

Note 1 Lsz'(—:ment Layers

Figure 5-6: Typical Cross Section for Populated Areas

Notes to Figure 5-6:

Openchannel Type A 250 mmthickmortared stonepitching.
Openchannel TypeB 250 mmthickmortaredstone pitching.
Choiceofopenchanneldependentonlocalconditions.

Surfacing of shoulder required odepdneedsr @adsliidetdhe s

Provide lined channels only where mhadetandncamdferoatd oiuginal levels

is guaranteed.

abhwdNPE

5.2.3 Right-of-way
Right-of-way (or the road reserve) is provided to:

accommodate road width and the drainage requirements;
provide space forservices (water, electricity etc.);
provide space for self-recovery of run-off road incidents;
enhance safety;

improve the appearance of the road;

provide space for non-road travellers; and

provide space for upgrading and widening in the future.

The widths of the right-of-way giveratiand Tty Itch &6 -RLuilslistiRobhds Act No. 1:
2002. It is importantthatthe righHorafewdyp esvetdi ptrigbéeaams in the future
space may be required for upgrading and widening.

5.2.4 Side Slopes and Low Embankments
Side slopes should be designhed tohenrowrewtdye asndpidintyfood embankments
provide a reasonable opportunityxlfergoesovetyoffcaorvtabi across the shou

Figure 5-7 illustrates the general ctbeswardbivs alrandatsnelShe position of
side drain invert should be a reasondalle rbisdancemawiany serothhe risk of
infiltration of water into the road pawteandnaistrsduitefovhamy length of ti
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Back slope

| Carriageway Hinge point
|

Shoulder Side slope

Toe of slope

Figure 5-7: Details of road edge elements

The side slope is defined as recawegabegaMhernchnieersoatrol of thei
should they encroach over the edge opetheofodddvly:H$idre féatter
recoverable. Research has also showingthptoroumdcichqtathtthhdoe of the
isalsobeneficial.

A non-recoverable slope is definedlasboheromatwilsid¢chawmerstadrivers v
unable to stop safely or return to thlesoadwaygheslapye.sVodn be expe
reach the bottom. Slopes of betwedhid:8aaemgloty4 fall into

A critical slope is one on which alikehp ftfo rowaertehncbendsthese w(T) ha
steeperthan 1:3. >

The selection ofthe side slope andtherlaaru:ekdsb(yptaopsog)rfa@ﬂnypresrtt%nkn
height,the height of cuts, drainage-owaysidmitstiamd ,ecgmomic condide
For rehabilitation and upgrading prajetssmaydicipmasemtnstich that it
very expensiveto comply fully withk phre wiedeadmimemiaMamual.

—
Slope dimensions for the various comdiltabie 12 summarised i i
Table 5-2: Slope dimensions foograoresvsetdtialn:ish ¢razontal)

. Height of ¢ Side slop¢ Safety 9
Materia (m) \ Cut | Fill JEBLS Bl classifidat @)
0.0-1.0 1:4 | 1:4 1:3 | Recoverable 3

Earth 1.0-2.0 1:3 1:3 1:2 Not recover
>2.0 1:@) 1:@) 1:1.5 | Critical ?
Rock Any heig Dependent on cog Critical o
Expansive 0-2.0 n/a 1:6 Recoverablg =
cla¥s >2.0 n/a 1:4 o
5

Notes: 1.Certain soils may be unstableiatlshadyéseofefqwiredleotechn
2. The side drains should be moved away from the embankment.
3. Ifcritical and non-recoverable sida sliopssotttemnap pro priaitcteto install guar
at critical locations.
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5.2.5 Side Drains
Detailed information concerning sidleedPamesmiesn p e $deiua lgredrura |
Hydrology and Drainage Structures

Depending on the method of constmachiang, etihbesithe drahaped if lined
otherwise trapezoidal. Trapezoidal drasestlaey hphaedeagrkcatieechydraulic
capacity and tend to scour less than v-drains.

Substantial side drains should be avelnses arlears feexpad drae clays, wi
preference for the roadway to be oomesrikuocdert oWadelowh®uld be discharc
uniformly along the road. Where sideddithieys screownladt boee aavoimimum distan
of 4m from the toe of the embankmentmaddrsipeeid de shaslhape.

5.2.6 Shoulders, Flush Kerbs and Edge Beams
The functions of shoulders include:

Giving structural support to the carriageway.

Allowing wide vehicles to passcanusiagodaeragethiioutthe travelled way
shoulder.

Providing room for temporarily stopeleidles.broken-down
Allowing pedestrians, cyclists andivgh®ertouiagedbie safedy .
Limiting the penetration of water into the pavement

On paved roads, the whole roadway widdbasdd,ulwheohreraldiiolnéders are
provided or not.

Gravel shoulders tend to be poorly maseraonsddandecatoptoaéfac (edge drc
and trap water that will penetrate inthethevehwd meaitntaypans.eTavailable
thus, to a large extent will determiamree wbellbepavieaubdemot.

As muchas the provision of shoulderaymay bbewadgsibabkec,oinomically feasi
and strictly warranted in very low thafifid¢nsptumulanesd Grlears twith high C
Equivalency CEvalues, shoulders are gkoerlaViRsn o hreroo simoauiders are nc
provided, other means of providingapdtpaoltetetrahe wepmer of the sealed st
haveto be implemented.

It is good practice to ensure ecetimranmdghtoperheoendpe of the roadway, by |
constructingit slightly wider thhranbdercpedihigdhwei shoulder/side slope-in
overthe first0.5m fromthe edgeasdt timeredat.imgierasson of the side slope

Other means of giving lateral guppo dgredoprihte ctumfaced area include a
that has been used extensivelyoimprdeidadtystakeldly stones which may b«
mortar or just properly embeddedeirsltypeetpgeefFihere 5-8). Such protectio
always be provided where vehiales ofoal lpawveeglu baurdfyating onto the shoulde

Severe edge breaks constitute a majan d sielteatane eu pgobfiekerbs or ed
beams will thus contribute to reducememasndedaarcieanceud road safety.

Where minor accesses join the roadeah odttcansiagielvdyeqdriving or whe
parking occurs,concrete edge beams lar feusbeldetb ptohesct sheuedge of t
surfacing.

Experience has shown that severe edge bomakenly)swsedcluaotpeesths cros:
the road. When these are clearly desitmadtadnthsshoirmkeobed sections or e
beams will prevent this from happening.
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Side slope
“rounding off”

Edge of Roadway

Side slope
Flush kerb stones

or edge beams

Figure 5-8: Side slope roundingflaffh kedblsdtanieon @of edge [beams

5.2.7 Single Lane Roads and Passing Bays

Single lane roads are commonly usreod bdn (\Ragd de siglhur@éass LVR1,
vpd) where it would not be economicialdyajhsgifeabdeanadprd facility. S
permit two-way traffic but are nop haides etmoald bwnveloisies to pass one
However, a single-lane operation is aby dpeabte sasatherebaibilcy of ve
meeting, and the few passing manoeu\watesedarrn elde spredcarstakeimg eit
passing bays or local widening, especially at bends.

The recommended single lang
width is 3.5 m. Where feasibl
shoulders may be consideres
carriageway of 4.5 mm whicl
cope with the expected traffpss
meeting occurrences on :
Alternatively, passing bays,
Figure 5-9, may be provideg
width of the carriageway and
be5.5m over a length of 5 n
likely to be used by buses or
5 m tapers should be providi
the passing bay. Local wider®&%g
be determined on a case-by-« Figure5-9: Single lane road

“ o (VAL N IV IS I u UL

Ssol) ¢Guiaildeyd

Passing bays should normally be prdWideddependid@0om tloe5terrain
geometric conditions. Care is reqguited stta remessu reen d othed ®iags e ofPeve
the nearest passing bay if required. Paddemdg adapse shomu\ e nb@n(@/r
practicpbdees rather than at precise intedatangro \bieltaxde émathtehn® do e
not exceed the recommended maxiomwlid.blad @atlye,atheirewstrom one™as
to the next. 5

The same approach for dealing with LVR@&,ieadso rmescdismessed #80 L\
roads, where local widening to achievfedab@amreageal®yteddtbomvenie
located sections of about 25 m will adeqgned bdly algc bevmvoahitel ehinterac
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6.1 Introduction

6.1.1 Background

The design of the road alighment isngomlcerpadamktterselefcthe geon
features of the road so that they prHevadda e fdfadientomdantalhor trans|
people and goods. The principal compaln ahitgnerentheviicri zic elssentic
road in plan, and the vertical aligdadmredonwgitucdchnaltheofoe. Thus, des
road alignment is primarily conceroredfwnbthloe sapplbacditieving safe
efficiency in the roadtransport system.

However, for LVRs designed for accemesedatmar @ hfaoi encclyilate, not the
concerns. For the Option A design Grheatfhteed B8escéribddmiental Desi
Consideratwbeseby an existing alignment is userdvdaderduthatasageBysi
concerns are fully addressed, the prrdmiary aritdrioveasher road that i

If Option B for design is selecsddpsheetwlee resateospeed and geomet
very important. Design speed comftrbHe mlagymesypeainsd the resulting
standards are driven primarily by. ssdtbbugkqtheeoeculations require
Option B method are not specipitdahlyAreudeedtbowrding the safety issu
comprehensively dealt with undese@ftilbohoB Optadbsio Ae because every
the alignment must be checked lleorasbfguntd sightadiptances are requl
Option A and Option B designs, biuemigmhtts ddahaheeredqued with the in
of appropriate speedreducing andodheostlease+als goments. O

>
6.1.2 Purpose and Scope Q
The purpose of the chapter is to dicsfchogizbetalpmidavientical_aligr
principles to form, together with otessadectimdtadfeibamet LVRS. 1he
slopes and horizontal curves of the romidemasbassetdds byn hemavehgeles
humans interact with them. Some ofthreesboarerospa&icidicvestiedal glig!

while some are common to both. o)
The scope of thechapteris tocrdaaeanthéowaribeyg shideld be apalied. Onc
have been defined,they are usedtad dedigarthemahatignment. >
6.2 Design Speed and Geometry o
6.2.1 General =

Design speed has bee@hapit@eduxeBuimdamental DesngrecﬂbmrsBdéraltBies
defined as the maximum safe speerethatvenam 3@ emndfietth section @f ro
conditions are so favourable tbatothehederigd feaeum the speed.H pr
comes down thpemeedhdile of operating speedpartiobleardeditor spheed.

The concept of design speed is moss thse wdybeleanset st afl Ipevo metric
to be selected for each standard of theddadicralawagnskotreexample,
speed is relatively low in mountaimdhe tercassatty mrefdactions in st
required to keepconstructioncosts itmnm.afhgesgpeedpiro hogher in rollir
and higher stillin flat terrain.

In practice, the speed of motorisedsvemifdeetsamnd mahiynwgdadrain will
constrained by the road geometry odMengebativeliys smprdrsaent that the
constraint is consistent for each roaaginslass and set of condit

In view of the mixed traffic that octdwepdestrbealeftadfs ssendcting lowe
speeds, it is prudent to select values thfe design esmpek eod thbwandernati
acceptable ranges. The recommend€dt aqetlaures dresshrovbhraimdards
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Changes in design speedfor whatever reasstmasites|dhla¢ ereadel eodeivers t
change speed gradually. Thus, changethamould deseynbetapond a time al
the length of the sections with infetrhreedias emstreen dlaadsofie change) shou
long enough for drivers to realisanteeriee foae m@menharcbhange in the s
direction is encountered. Where thindnig ighposssibld, beaprovided to al
drivers to the changes.

6.2.2 Stopping Sight Distance

In order to ensure that the designeemeddicispsadertidhs of the road must
certain minimum or maximum valieesrdocanssee fhatedough ahead to car
normal manoeuvres,such as overtakisgoapornbeif Ykbielis an object in the

The distance a vehicle requiratled epstgfeiygisight distance (SSD).
affects the shape of the road fpwethiealrasitgomantil, but if thtdwree are object
edge of the road that restrictsagppréiaehingisridn amend, SSD requiremen
affect the horizontal curvature.

The driver must be able to seeoanly lhhdrstactieeostopegpimg sight distance de
on the size of the object andveresheyghabdveheheérroad surface (Table 6-1

Table 6-1: Parameters Values Ugld Oost&mdeslating Si

Characteristic Value
Car driver's eye height 1.05 m
Truck drivers eye height 1.8 m
Height for Stopping Sight Distancehforgaede 0.2 m
Height for Stopping Sight Distaheerbard flat ¢

(e.g. potholes, wash-out) 0.0m
Height for Stopping Sight Distamoeador aveh 0.6 m
Object height for Passing Sight Distance (e 1.3 m
Object height for Decision Sight Distance 0.0 m
Driver s reaction time 2.5 s
The maximum deceleration rate for cars 3.0 rA/s
The maximum deceleration rate for trucks 1.5 m/s
Friction between tyres and road surface Appendix
The gradient of the road Appendix

The driver needs time to reactodntiethverhithle Inesekde sime to slow the vehicl
hence stopping sight distance is entrleenslyeeed pefndie@atvehicle. The sur
characteristics of the road alstomeffeot tthee viarlalleisigor unpaved roads diff
those of paved roads, althoughmtdld fhffdesnge sspeedss below 60 km/h.

The stopping distance alsodepenlde pmathas gradibatdefrtto stop on a dow
gradient than on a flat road becatbe theeshimbemantsndo¥wn the gradient in
opposite direction to the fricdiantelmfpticmegstbhatogpr the vehicle.

Full adherence to the requiredsxighitildisrasatetyisreasons. Thus, on the |
horizontal curves,it may be neesssraoyht®r relmsdaelerein the road reserve t
adequate lines of sight. If thisadagmr e rbote ndostebdahechanged. In rare cases
is not possible,a change in deyigand peed luatrexrdsgpermanent signage m

Ministry of Housing and Infrastructure Dee\Dedoplho@mient A dReorecy



Part A. Geometric Design: Rural Roads

provided. Lines of sight should nreowar resecvesia@medtipeeferably shoulc
between the shoulder breakpointssbecdusokvaegetmtaomtegnance teams a
unaware of clearances for sight distance purposes.

Recommended stopping sight distapaee dorropady éd dad terrain and at
design speeds are shown in Tablee@l-2ZasiyrinTHbdagedmil/ Design
Standards.

Table 6-2: Stopping Sight Distances (m)

Design speed 20 30 40 50 60 70 80
Unpaved toad 20 30 50 70 95 125 160
Paved r@ads 20 30 45 65 85 110 135

Note: (1) In rolling and mountainous teuraimdhiaseedisddnirye sl 3.

6.2.3 Stopping Sight Distance foMexingle Sigime¢ DRicaasce)

For single-lane roads, adequate sighdedisbantiow nvestcdesproamMelling
opposite direction to see each othee cersd @&py stblpi s afisity,nde is norma
twice the stopping sight distancerbheehbusg itwop/jedsctlesiitrections are
An extra safety margin of 20-30 m isadscesomhehianssracddedcbnsequel
a head-on collision.

Although a vehicle is a much largecoolsjieetr ¢t aw hiesn U(sajlazluyatinﬁ)sto
distances, these added safety marginseaverys®eav @laatty rdueq t e aghe s
head-on collision, and partly becausthet dpecidficfubtnta pjpidogec higmg Vv
which could be considerably greatdr thametles ,deinigle spee roadg wil
relatively low design speed, hencesnsdotihdy rsog Htedtisbadidficult & ac

dD
6.2.4 Intersection Sight Distance =
Intersection sight distance is simidace¢oestepdinlgasigha dbject| bging
is another vehicle that may be entsrdreg roleed roracrbrosmng the road
intersection. The required safe simletaduseanice Metrersicissabout 3 tlm
vehicle speed in km/hr. On straight seltitcbers willrexdemarnye 013
speed but, being straight, sight disttances should be adequat | —
«
6.2.5 Passing Sight Distances S
Factors affecting the safe sight dist&kingsareqmicea dommpheateds bec
they involve the capability of a vkehhel detmgalt ccendrape e of the wehit
overtaken. Assumptions are usually mamelalbchﬁtwfe@rspbedvdhﬂfcé%ebe
overtaken and the overtaking vehiclietjbs thaaesimpldy duwuthed theﬁ Sste
on empirical evidence.

For single-lane roads, overtaking manard pwassarg manpessibbetake
only at the designated passing placecl|élaydy D)f. D hantee ricader, passi
distances (PSD) are based on providingebnolegho dsafahcealdortaa pa:
manoeuvre if another vehicle is appredchahge 3 laeg ereshommeindlr able 6 -

Table 6-3: Passing Sight Distances (m)

Design speed (km 30 40 50 60 70 80

Recommended va 115 135 155 180 210 240
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6.2.6 Passing Opportunities

Passing Sight Distance is a desitaloldames wireghe ndafriageway roads. Su
visibility for passing increastisiemecy aofaxitgaalndnefshould ble provided fol
of the road length as possibletawiomis. flihealdyalp disrsing opportunities sh
available based on the road hilerdedie &s4iddieadedcentage is the perce
length of road that provides saffuniigndspasdhreg dgspgn speed. For examp
the PSD at 80 km/h is 550 m, &0%lpgrsmery gppiargunity means that one j
opportunity will occur every 110D0eme omeraweartage.s IEatnnot be physicall
economically achieved in a pardjcitbareverledbdhsefviee shoutidtbe locally ev
verify whetherspecial provisiohnieigg damagsshoudd be provided.

Table 6-4: Minimum Provision of Pa%3ing Sight Distance (

. Percent Passing Opportunity and
besign Urban/P
Standar Flat Rolling Mountain| Escarpm

3 Urban
LVR5 50
50 25
LVR4 33 0 20
LVR3 25 25 15

6.2.7 Control of Sight Distance

Sight distances should be checked dunitsg mdedsd gto amele & djues tmieni mum
requirements. The values shown inthe parageaphsr albheveéesbomlidation of
sightlines. Details of crest and sagdcimr8ecdemsrigndare provide

On the inside of horizontal curvesq remayebleunecegsarnyetes or other s
obstructions or widen cuts to obtdistareceeaguiredicsaghd in Figure 6-1.
distance labelled M in the diagram rmiwst toe adlewr a fclemstmiew along tl
sightline shown.

.~ CENTERLINE OF ROAD

— ~ SIGHT D'STANCE MEASURED
| 5 vd "¢ ALONG CENTERLINE OF INS DE LINE

- . : "
: e B %
P iy v e
3 i n _, // — i : . "
i T o SIGHT LINE ™ . \\
S = o

A g, R
/ \\\ _ (\’@ ‘ B 7 )} / _\.

>4 ORSTRICTION OR 7
U CUT SLOPE R
e e

'P’%\\ A HR
\\ A/
Nt

s

Figure 6-1: Sight Distance for Horizontal Curves

Relevant formulae are as follows:

Length of Sight Lin®2)Swha2&D=zifiéctiof)angle (
Length of Middle OrdinatéDgM) = R (1-cos (
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Example:

Radius = 1000%m, ” =20
S = 2RDLN( M = R (BD2ps(
= 2(1000) %3in(10 = 1000(1°Q90s(10
= 347 m = 15.2 m

6.3 Components of Horizontal Alignment

6.3.1 Introduction

The horizontal alighment consists of mss@rrgeotsytcoigme cidedtit@ cir
curves. The horizontal curves are Wetsiigesdc am ereguorte attteadhanges in
safely. The alignment design should be chiamegd sati nacairdiata reh atripe r
achieving a safe uniform driving spetweenhranrsdatgdn sectiesnd of roa
circular curves whose radius changesdtyo(taimgent) ytofrolne irafdhus of
circular curve (R) are used to oddutieo nhef aterrutgt piettaal acceleration t
on entering the circular curve. Twheyn ahe madres wifrede horizontal cut
andwhere the design speed is 80 km/drertigay atreer nanchaH g medt require
LVRs.

6.3.2 Circular Curves

In order for a vehicle to move imwardirrcadeal datbeais irequired pr
necessary centripetal acceleratioaoamteénmaatth elrewoeadsr,iftogal for . T
force is provided by the sideways rfesctind thetwead shuagftyce asgplgstec

Crossfallor superelevation. —

The sideways friction coefficient isheo hendeéetnadilyalefssctivan coe®Xicie
value decreases as speed increases, bistagheeenéntcabyoidterapifes®nta
values, especially at the lower speradg.eBbofr pavieatweadsQil8 argh O..
km/h down to between 0.14 and 0.8/ ead B®akdhs/lit Eam bepconsiderabl)

For both sealed and unsealed roads, theoe tre mlasmincwms(trrmisﬁ?all,
described below. These constraints timamaul@atesaduestdy hotozontar ra

curvature. «Q
6.3.3 Camberand Crossfall =
Achieving proper camber and crossfraellraspielsseebliailngooénwateB off
carriageway and to prevent moistumeeimtgfiecss theo tblpe pave (0)

On paved LVRs,a camber of 3.0% is iedamuersd8d Adthchgw steeper
traditional specifications, it does doiveruse driomempeddrenvirofmen
accommodates areasonable constructioninnglémaan ceec od un® .66, s&klls
experience of small-scale contractors cananladodrpbasiedkescsoastadditi
factor of safety against water ingress$distioghherptavregnent wsrhafter som
of trafficking.

/’\ — —_—— =
3.0% 3.0% 30%
Camber: Reversed camber

Figure 6-2: Camber and Reverse Camber
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6.3.4 Adverse Crossfall/Camber

The need forremovingadverse cambeaf &uisesss onhtdre et €irbessfall or camk
causes vehicles to lean outwards whenm misgatfatittsgthleecounering stabili
vehiclesthereby affecting safety andissunicloensemvahty dbdritdsieefect depe!
on vehicle speed, the horizontal radioado&rcdiriheet wsriel eo firtilction between
tyres andtheroad surface. A side fristdemefdhcearsoh®b0& amd tiimas been us,
to determine suitable minimum radii énebew swioiclll deveemeoved (Table 6-5
Values for unpaved roads are based on ai6bm@mEsbasldfalhtbhtishtdel an

be allowed before maintenance is c¢asbrsiedr ainta gfe eiff esdtiiVeoc be provided.

Table 6-5: Adverse Crossfall/CamBaditioabe tessovieanifshown

_ Minimum radii (m)
Design speed
Paved Unpaved
<50 500 700
60 700 1000
70 1000 1300

To remove adverse Crossfall,the basic cismgrearkcwakbllyaplraofe¢kdeasoalde roa
enters the curve until it becomes semigbynCabsbéactleimtoen®fdihe curve as s|
in Figure 6-3, with the Crossfall being hmersaime a3 thatcamthered two-lan
road (usually 3.0% for sealed roads)tidmeofreamoeasea@Gdosssadlrahould ta
place over similar distances to supereSevcaitoar6.8s5described

l

ROAD WITH CAMBER

Identical
slopes

__4

ROAD WITH SUPERELEVATION

Figure 6-3: Camber andsuperelevation

The values shown in Table 6-5 are apprebsinshioeulantdecwirratfd I€o offer
consistency to the driver. For examphé¢altworaesacena hmad link, one of
is marginally above the cut-off whiysl & hoew otthhes miisrimaurrg inadlii shown, sho
be treated in a similar manner in the design.

For sealed roads,the removal ofmat\bersae f¢ aondretr ttaginsure good vehicle
when the radius of the horizontasncafkivelmeaxches sotamation, additional Cr
may be required. This is propeateleefetiosnd Hotais sap become common pr
to refer to all additional elevanamagshsispeoeiendion will be used here.

6.3.5 Superelevation

Superelevation on narrow unpaved LViRsissbaoaussecessaryecbmmended tt
adverse Crossfallor camber is always resnbeéawohOl®drnmzontdabcubince th
recommended Crossfall or camber is 6l¢yatienefielcenveadsepeer€rossfall i
removed will also be 6% and thiss thermiairmude trerdiuseof horizontal curv:
for each design speed in the same wavaaiordorlirggmraictecespyptenedg not be
possible to maintain such a value of Crasssfeadlddringdthaenditbeaxfebore it |
recommended that minimum radii areel asfed% € richsesflaMer lev
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For sealed roads, the removal dfraduétrse Gm esfatltwié superelevation
this should be used to determinevmtinien ior saucttih od6ads. However, if th
difficult to achieve, genuine tougéa dlberyanoax odé pkponal circuoestances,
be used with a resulting decreasefirctroraromtal rad

The change fromanormal cross sectiommomd dtrad gdu peacetievatetl sec
should be made gradually (Figure Bidh.sThpe rielrythtionerswdeveloped |
as the superelevation development l|lengtvelowoehirdengthhhshould
provided before the curve beginsgflhrhddedendbkopmedadiegn speed as sl
Table 6-6. Between 50% and 75% obuhdk ke mperteilewadi by sthe tangent
(66% is usually used).

Table 6-6 Superelevation Development Lengths

Design speed (| Development len
30 25
40 30
50 40
60 55
70 65
80 80

Full Superelevated Section

Outside Lane is Flat
Superelevation
Transition

Normal Crown

juswubi|y 9i191deyd

A X \

Figure 6-4: Development of superelevation

6.3.6 Recommended Minimum Horizontal Radii

The recommended minimum valuesiref merézdetratedumovathe basis of s
friction factoAppésadx: Characteristics of HlorAzognmleasind s\ p etri€ a
elevation and are shown in TablehG- 7T,albd6 besipt@’d Dregign Sltlaemdards
use of a higher value of supersedieaetionimakeéscida posmaller tiorizontal
on the same design speed. Thigl caadse bwsenotofropamgpaved roads.

In some situations, sight distance owliih g enitmientenc toadcian$right distan
be improved by increasing curve radriaussotheighdidesbdntdee curve.
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Where only small numbers of largeavethithle x@sesiavaohverdbving the alignn
are high, not all vehicles can expeecnh o siraylerdanacrwad in a single marl
and reversing may be necessary.

Table6-7: Recommended MinimumCHiovwazondalPRadd Rbads (m)

Design speed (km/h) 20 30 40 50 60 70 80

Minimum horizontal radiugd 15 30 55 95 1500 220, 300

Minimum horizontal radiug 15 27 53 85 135/ 190 265

Table 6-8: Recommended MinimumCHowazondalURadvedf Roads (m)

Design speed (km/h) 20 30 40 50 60 70 80

Minimum horizontal rad 15 35 65 115 175 255 355

Minimum horizontal rad 15 30 60 100 155 215 300

6.3.7 Consistency and Multiple Curves

Horizontal alignment design involve stxogearetst.i g cairneogmal circumstanc
sections of road will contain many ogew ¢k awhthse madiim ame rleadii specifiec
the design standards.

In hilly and mountainous terrains, oriednmalre umegquanmtelyreand have sm
radii because the design speeds arsemdowecdime taharédat aedtioo stage can
reached where successive curves chnimisdbatgen .bkendesdesvotf reverse cu
broken back curves and compound dervesadnnecdfrarvessaibd tangents t
do not fit well together according darderared de digmstah meeting driv
expectation and comfort.

6.3.8 Compound Curves

Compoundhorizontal curves are defincidtas cal nvetsvede rtdhrdhend of one a
the beginning of the nextconsecntive cadmwesiofilabe tlaager curve. These
useful in fitting the road to the tarmaita,nkcetsjtheymearcibe dangerous. Dr
do not usually expect to be confrantied bhhidsthangecunve, and therefor
design speed. Hence, for reasons oftsafesy neotdadwiiserb teo mdoitwo consec!t
curves to differ in radius by a largdeymanent ette iy richaotieghthan the minim
&|PUE sbofivs the required ratio of radii foTlc@bsstutésa lcuwilésbe
achieved when the two radii are somdlairn(theetlieagyravra)y Igthe ratio of r
falls outside the good categoryubBethhesideatimgorthesomediscomfort
inconvenience will be felt becausenuofipidtaliforeasehien enteringthe tigl
curve. For high-speed roads, such sitliyatiamgecaunsbangosdmotild beavoide
However, for LVRs the design speedrairelyowmeresseadyittoismodify the
alignment for these reasons other thatWevVertbelesswidethagsituation can
avoided, it is obviously best to eoeslotaalesstly.is consid

However, it is not merely thethatiaféécducoasriadeincy. In pafticular, the |
connecting tangents and the friceioandetreeeoathesutnface are also impo
because these affect speed. Taludhdovaconsssdescyn elements must be ¢
in a balanced way, avoiding the applataéesorfoofoméniomnua few elements
particular location when other edbhycab® \ag e hceo meiidienum requirements.
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design of rural roads (RAL), Part Il

Figure 6-5: Ratio of Radii of Co@Qaecxaisive Horizon

6.3.9 Reverse Curves
A reverse curve is one which is fyldomerdrammeateabedpolsite di
situation, it is difficult for the idlevém ibskpreoppehdawech It is al
designer to accommodate the requiriend tsepspwebdes bteanl fwiitt is n
to realign then warning signs should be provided.

PRC

Common tangent

Figure 6-6: Illustration of reverse curves
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6.3.10 Broken-back Curves

This is the term used to describe tavioecativascionnleetsdmey a short tang
Drivers do not usually anticipate nhatotbhegcwsldieacowrvtees close to each
in the same direction. There can ailsahbee cormalelotnmsau pigtedigvation in the s
availabllfeit is not possible to realign thére waonidgdsigns shoul

6.3.11 Isolated and Long Curves

An isolated curve close to the minitbymongdistsacghin setetdons is inhere
unsafe. Irrespective of the design spestraaghuasesgecns wnllbergrelative
high and therefore a curve of minimumigadicamnille degtioa in speed for
vehicles. It is good practice to avwistdahdawuds of suahmsituations. An a
bonus is that, provided no extrauduetngher Usidin§ aslaeger radius of cur
results in a shorter and less expensiovenrbalp. t@Wuavkeewidenihigs problem
higher radius curve cannot be used.

The same argument is true, but to a anychnlatlseadeuseatrve that is very
(i.e. the road is turning throughs e&cdargegartgded.aDshwett curve relatively
at speeds in excess of the design spoedf,thatcurey é¢anoog doence a lar
radius should be used in such situations.

6.3.12 Curve Length
For reasons of safety and ease of drimiung,founmhesdesagrihsspeed should n
be used at the following locations:

" On high fills, because the lack ofdacerDwndrigefeatpuegesepeion of th
alignment.

" At or near vertical curves (tops eqau de ttioen sirodxipidtdpd bend can b
extremely dangerous, especially at night.

At the end of long tangents or assdrdeausfe geattial cayreeds may exce
design speeds.

At or near intersections and appribarchesdo drosgieng csrtratctures.

There are conflicting views about gupwe hhewgshisaiddpgetrhceinroad could b
Normally, for LVRs, the horizontal adegmhimee hé nghtbudd noaxdimvihere adequa
sight distances are provided for safe aifeictalkimeg. cuveetsabifngniys radius
hence the length of curved road $heuleqberasicimiveedadlii to be relativel
(but not too close) to the minimudntéom alkkémdesigmeslieeaegth of straight sec
This view is the currently acce pteds beexsdepraiaticer yofrlat terrain, but care
be exercised to ensure the curves are not too tight.

However, very long straight seotiohesdshecdd aeésbhteey are monotonous and
headlight dazzle at night. A sadémedlteynatwiendbngbalignment with tant
deflecting 5 to 10 degrees alteriredteBofrenmutigbtitties recommend that st
sections should have lengths (Qnxnietsigy) deeedhiankthn/h. However, such
curves restrict the view of drivehe oartilgeimapmeamd reduce safe overt
opportunities, therefore such aaswihddioglyabg nademptesd where the straight s
are very long. In practice, thislanktyroacursl he vveain aspeceéries to ensure
are sufficient opportunities fdar thafree fowrertpkorvgdan the stragght sections
enough, a semi-flowing alignmenbhhecaanbe tatheptefdoatertaking opportuniti
infrequent, maximising the lergthoat tilsetlsérdigdit sption.

For small changes of directide, tid useofdelardesreadus of cusvature. This
the appearance and reduces thetbeadegoynforsdiiverddition, it reduces th
of the road segment and therefadeptrheidedt thfattheor@extra cut or fill is re«
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6.3.13 Curve Widening

Widening of the carriageway wheresthig hhtoirszoswwallgurgeessary to en
the rear wheels of the largest vehixhememgbtiahingetireacurve; and,
lane roads, to ensure that the froné doerhaony ofchecavlehan the oppos
Widening is therefore also important tamrveafeitgeneagotrhsat Asyconsic
should only be applied on the inside of the curve.

Vehicles need to remain centredeinhédikdbim®dd oddownlliding with an
vehicle or driving on the shouldad Sight ad ndteineesashdiscussed ab
levels of widening shown inTable 6-9droreoardmeadeydngxtke lowest
of traffic (LVR1). Widening should dfethe pdueddoatme iimtsiclkeuced grad!

Widening on high embankments is oftle@ héghermedadedsfof road. Th
drops from high embankments unnervadseamregdis versnanidytfierwsycho|
comfort, although it also has a posithveidEgEfrintg oirs afte re.cGmmmend e c
LVRs.

Table 6-9: Widening recommendations (m)

Singlelane road Twolane roads

Curve radiul 20 30 40 60 <50| 51-1| 151-3] 301-4|

Increase in| 1.8) 1.0/ 0.79 0.5 1.5 1.0 0.75 0.5

Notes: (1) See Section 6.4.5 dealing with hairpin stacks g
6.3.14 Road Junctions D
Unlike road junctions on high volude moa ¢gese m Ls\ Rrsiftiltayn t propem.
two roads have to cross each other,ia aidrepqllead:eofwsrjuN’(Rt$onHow'_'\'/er,
possible, it is preferable to provecdeobhwoastbfgetreaded-jnrFigure 626, re
one X-cross junction, provided thereing nooc okl ep evoaslt yhimadraoly traffick
is retained as a direct through routen Blpéitmsaotrhao atdaif§ic has 1o e
major road by making arightturn ontloetha Imfdjtar meadeaindhe traffic s
andre-enter the minor road. This merttoddpbabub ke t mea muenulvees Pher
traffic from the minor road has to crtdses mlagotradfad.sThesamnomy pe+nts
two arms of the minor road should be spaced about 100 m aparE'

The result of an accident is liketg ve thielelsatvdhdeavendthe road.=Hen
possible, a safe run-off environmentgsbdubkdght dirstatece sa vid
Intersections should therefore nemibankmatretds ,ome digtto bridges otl
level water crossings, on small radiensa ttaud veewsrvoaso il G UPES er e gQ£d v

vegetation should be permanently cleamddngraine tjuen ati@a .surro =

It is also advisable to avoid havingtiatefrsecteontsaon3foraodian the bot
sag curves. This is because:

stopping sight distances are greaseananddiowemb iblf chheesaovgynvvehicle
more difficulty in judging them; and

it is advantageous if heavy vehiclesgaiek&plastpossibleraweayadr
the junction.

The ideal angle that intersecting tbadauslkouHds npeeviise 9Omaximum Vv
in both directions, but visibilityrosnhooddsasidoasygyasothe angle exceed
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Figure 6-7: Preferred Intersection Design

6.4 Vertical Alignment

6.4.1 Vertical Controls
The two major elements of the verticnaddaéimtnmemitclaries tredaged to vehic

performance and level of service, ared threicheisicdveuneatury safe sig
distances and comfort criteria.

The vertical alignment of a road seaeamstmeo hordaorptlat etlednthent, but this
simply because of difficulties in preclastiotioof dhe tdgthteraic differenci
gradient (G %) between the uphihl additdownhhld egdeagion of the vertical
is a parabola rather than a circle, becaosstand patabod|la heaffigetsnagrad e
along the vertical curve and hence eases passenger comfort.

The required sight distance for safgityhisdtils¢almasic stopping

6.4.2 Crest Curves

The minimum length of the curve qleshedfesheokEf bleeween the points
maximum gradient on either side isopgliatgksitpghtGdasdanice, sherefore, to t
design speed. Note that althoughvenritackres owo hilidl diktieheorequired sight dis
for safe passing on crests is much toonlbB¥WdResto be economical

The minimum value of the L/G ratim{dvagwmenhstmthieestabping sight diste
and therefore also the design speeaedy withravvdeutthe fdesfigr any specific
of G. The international comparisons giwe6tiled values shownin Tabl

Table6-10: Minimum Values of L/G for Crest Curves

Design speed (km/h) 30 40 50 60 70 80

Sealed roads 2 4 7 12 21 37

Unsealed roads 3 6 11 19 34 58

6.4.3 Sag Curves

Sag curves are the opposite of cceéss Ciusvtetyawethcawrehiill and then uph
daylight, the sight distance is normallby theedeatgnfaerisarfioty isBnbased o
minimising the discomforting forcéserhahd ptaspemgers drhen the directic
travel changes from downhill to uphidb.n®ideuatib ngaarse dessh important t
road safety issues. However, atnight-tiore ethesptiodlidhunoimattign provide
by headlights to see far enough aheradigfitiosf dle@ dredssd bghttseabove the r
and the angle of divergence of the headlight beams.
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Provision ofsag verticalcurvature thead aulfdiwcs etitd ydfaveaht@ad using h
while driving at the design speed akmegbtivies flogulaViRst. In any case,
speed should be much lower at nightswtsofthhmresseds.osiderations,
recommended that the minimum lemgne dfbyutrlve dsidetediscomfort cri
The results are shown inTable6-11.

Table 6-11: Minimum Values of L/G for Sag Curves

Design speed (k 30 40 50 60 70 80

Minimum L/G 0.7 1.3 2.2 3.5 4.8 7.5

6.4.4 Gradient

For four-wheel-drive vehicles, the gnadimutmidrabeusab86. Two-whee
trucks can cope with gradients of Ib¥%adexcebdawirnegn ihnemvind the likel
heavily laden small trucks, internatsohalVeuxaemeaxrdlstandmmiended |
12%, but with an increase to 15%5fmmyhorareeactiohsdif&€&icult terrain.
higher standards are recommended formakRmuwitbf al @¥e ferdean absc
maximum of 12% on escarpments whertthaelitc% qraedrequired lesrsa dis
of 250 m following a gradient of 12%.

For driving consistency, and hence rsahatty, mouneainonusotleerain &
escarpments, limiting values of gradedntl mrfdad|terodie nasmea i gr
of 7% is appropriate for LVRs. Imumllonhdl @écarisira,pprm@niiate. -

Regional experience indicates that uwne«akess rmfacﬁ‘yseg:rtaaﬂmentgre |
unsustainable in the medium to longetielled.and hence best av —

D
6.4.5 Hairpin Stacks -
Climbing sections on mountain and escl:aer:pimcdaemigmaadisua;ﬂegomaairra.;n S
The advantages are that the most favolug agsleas ptra efotr @asrt eored sred etc t e ¢
a more direct and therefore shorterposgiblevilHoWwesverhethere are s
problems with this approach.

The limited space to construct cut sated Eilhslopesedecei®sitin, geon
standards or more expensive retainitmg $omunceuvreslufion IsWRs)d = ad

Lack of suitable sites forthedisposal ofogypgbd paladlta«:&asrsorsre)kniligmcsul
during construction.

D
If there are problems of instabilitygrnbelp opatyoexnenleframd so the adyv
of attempting to choose the most saapheesedsidasef the esc —
Storm run-off will, of necessity, bedosoe aehgpugdnteatnatmber of dr:

structures and erosion controls mayitye wdt unoeeedd, thheie ¢apraecased. T
associated with failure of the drainapkniglyhteirgegfoardcorimespsing thi
adds to the costs. If the topographplahcewsl, stankedf therpims can be
by creating several stacks that are offsagdeoed esecalvosstitbe asndpe (.
immediately above or below each otharhadgéiprwhllile mresd aoe limit the
of instability to fewer hairpin loops.

The key aspect of their geometricvale sigouid theatashdaduas possible,
tangents should be used to achieve thevablicdattrabisonsibdemaobem
efficient when the vehicle is trianeelllihg maaistumighadient through th
curve itself should be 4% for LVRMduantd I6VWR Borutt \cRRldnd LVR1.
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Considerable curve widening will bcaumeeguereidi svhereemthlé to ensure that
vehicles can negotiate the bends. Wifbensafdety rdasome@umide if space all;
to provide a refuge area if a vehicle breaks down.

For LVRs, it is recommended thatdelségoerd d¢s ahlom dhee passage of the d
vehicle sh@€wapiter 3 Fundamental DesigBeCoirosi BebatTdns means that th
curve radius at the centre line ofabse Inotednmsimomidmbefaln3 m.

6.5 Coordination of Horizontal and Vertical Alignment

The alignmentdesign mustensure thatarlé thoangéesmemedeyneateach other.
There are a number of design situatiomssahistfacdatg pooduica@ations of
elements, despite the fact that the desfghostaddforrdtshkbaya&rtieahar class
road in question. These are designmpribat douldripwrenside sresenting them
unfamiliar conditions. They are thesafere comparatively un

Avoiding such designs is more impassarst dbmrdhd beglarse design speed
higher, traffic volumes are much greateryaadcidcemtsegasntiing from poc
design are likely to be more severewawvermomemfapygueastesH avoidance of
designs does not necessarily imposeandignafedant ¢cbetppemailghes outlin
below should be applied to roads of all classes.

The horizontal and vertical alignmemeéds hodég emalte btdydersagards can b
concealed by inappropriate combinatientscaf twrvesnaald athcerefore suc
combinations can be very dangerous. &wanpo ex pmapsesgohgoodustrated i
Figure 6-7.

Plan

Above: Example of a good alighment degsiampearasmoe the {—
vertical and horizontal curves coincide.

Below: Example of a pooralignment desdghaluarce oredriti aé

Plan

Profile

Figure 6-8: Examples of good andf phamaizoomali matdownesrtdcal alignment
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6.6 Balance

It can be seen that there are severaprooumdeg nthdacpadims uim
alignment. Smallerradii curves, gtillemeatsngndgsmgaerehe len
sections and optimise overtaking odpletdthétiesntTdlils ngh daid t
terrain is such that overtaking opmpdrawmnmitaesuates prefedguare cl
speeds. However, in more gentle teisaiaswhoefra pvebiakimnd v
travel at speeds higher than the ddargrrspaadidl,stbheruese i pr
reasons outlined previously.

In summary, engineering choice plagsign pahtchnshroallflinailmdt
balance between competing requirements.
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Appendix: Characteristics of Horizonttal and Vertical |

Al-1 Introduction

This Appendix describes the calcuheetipnis digprat o pamaigers for the al
of the roadthat are based on the phyadcalemiicpe ranas dofvidres.rdhe re:
these calculations comprise the coabémdsimfChapeeofo6thaetTthe metho
is presented here so that the user emn dootig 8 f® rt lod haeli gcombinations

variables e.g. friction, speed, gradient etc.

Al-2 Sight Distances

Drivers must be able to see objecti®enn timeerom e iwhehr sudfpicor to man
round them. There are several situatsoglst reiguamiogsdiferen

Stopping sight distance
Intersection sight distance
Decision sight distance
Passing sight distance

Each depends on the initial speed dbnhdiseddcilre hallldhklfdc

Table A1-1: Parameters Values WUgletd DiosrtdOecles lating S

Characteristic Value
Car driver's eye height 1.05 m
Truck driver s eye height 1.8 m
Height for Stopping Sight Distancehfeoraseher 0.2 m
Height for Stopping Sight Distaheerbdard flat ol
(e.g.potholes, wash-outs) 0.0'm
Height for Stopping Sight Distarroaed for vehicl 0.6 m
Object height for Passing Sight Distance (e.d 1.3 m
Object height for Decision Sight Distance 0.0 m
Driver s reaction time 2.5 s
The maximum deceleration rate for cars 3.0 m/s
The maximum deceleration rate for trucks 1.5 /s

Friction between tyres and road surface

Section A

Gradient of the road

Section A

Al-3 Friction between Tyres and Roadway

The coefficient of friction in thenlbegwtei@intH edireelcitibe tyres and tl
surface is the ratio of the frictionalntiotbe contheneahiolfethe weight

vehicle perpendicular to the friditnahéridbirocre dépeaegdtuon:

vehicle speed;

weather conditions; and
type and condition of tyres.

Its value decreases as speed increases dnfdetreamrse aartee toasndetad i
especially at the lower speeds, beo& e diftitdres whdid rargencountere:

type, condition and texture of the roadway surface;
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it is difficult to select representativetivabues bhgcauwseao{warm tyres ar
common), as well as variations in the wiii attee ftiome vwodtytwoamari@ravel road
can have particularly low friction characteristics.

Side friction coefficients are alsospegdndemd, ot vditiolre and texture of
road surface, weather conditions, anydrdgpe and condition of t

The coefficient of friction values cdosid¥Redl esogmh sudtabbevn in Table A
using representative results of fricwoa neassondhle salfedy hdlotor to cate:
the wide range of conditions. For unpaeddcrto@amn spatisgswuelmas used for pe
roads has also been used.

Table A1-2: Friction factors

o Road Design speed (km/h)
Friction T
YP® 30| 40| 50| 60| 70| 80| 90| 10Q 114 12(
LongitugPaved 0.4/ 0.3/ 0.3/ 0.3/ 0.3/0.3(0.2¢0.2¢ 0.2/ 0.2
friction \ynpav| 0.3 0.3/ 0.2/ 0.2] 0.2] 0.2/ 0.27 0.2 0.2] 0.2
Paved| 0.2/ 0.1/ 0.1] 0.1| 0.1 0.1] 0.1 0.1| 0.1| 0.0¢
Side frig
Unpav/0.1( 0.1/ 0.130.17 0.1 0.1] 0.1/ 0.0¢ 0.0/ 0.0

Al-4 Stopping Sight Distance

The Stopping Sight Distance is thraveildiagcat a e/xilgiclepeed, requires to
safely after the driver has spotted aestdéaimngarnryus bgetatadrontbn the roas
ahead. This mainly affects the design of eokrntiealoawroesy th.g.cyleap of a
hill, but if there are objects neathtditeredgracafatldeiveads vision on appro:
a bend, then it also affects the homsizooppiengcsrylatudies.talmose is given by
following formula:

d=(0.27t3)1/\)((2ﬁ—3:;—1» Equation A1.1
where

d = stopping distance (m)

t = driver reaction time (sec)

V = initial speed (km/h)

f=longitudinal coefficient of fridtirooradwaween tyres an

g = gradient of road as a percentage (downhill isnegative)

For speeds above 50 km/h, the gradiegnidifcamd dofdfeérmakesamdsinust be
taken into account in establishing sdtatsrigat, dirsd anzleue @Ofngais zero.
80km/hr on a 10 % gradient, the siepmpénglywigdtpercteamicéonger than on a
road.

Table Al1-3 applies to cars and truoksswsitdmantT-focks bwatkhinconvention
braking systems require longer stopmpihg distancesydlltkogigt is greater
that ofa car driver, hence the drinver,camnssdeesbpeodtalswaoyys compensate
the poorer braking system. Howeveghtsdpsteateestbpmpitmgckis and passen
cars are not generally used in highway design.

Table Al1l-4 is for unpaved roads whetieohhareolefficri eamtd mu€h more varia
depending on the properties of the gravel or soil.
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It is important to note that the valudsyiweaaeheabteosn diteohsr. Stoppin
distances can be much longer in unohavbutadre nwett geomariailly used In
it being assumed that drivers would arrceissawecesnd2riwsimghat the
speed with worn tyresinvery wet clynddtiansoimmonmuaatieity. Most dr
slow down until they feel safe, butacicndeet medashkeaincrease

Table A1-3: Minimum Stopping SigthtRbissdances for Pav

Design Sp| Coefficie Stopping Sight Distar
(km/h) of Frictio
g =20 g =-5% g =-10@
20 0.42 18 18 18
25 0.41 23 24 25
30 0.40 30 31 33
40 0.37 45 47 50
50 0.35 65 70 75
60 0.33 85 95 105
70 0.32 110 120 140
80 0.30 140 155 180
85 0.29 155 175 205
90 0.29 170 195 230 O
100 0.28 205 235 280 -y
110 0.29 245 285 340 Q
120 0.28 285 335 405 '2
D
Table Al-4: Minimum Stopping SpgwveDdiRtmantes for Un;
Design Sp Coefficie Stopping Sight Distang
(km/h) of Frictior >
g=20 g =-5% g =-1( -
20 .34 19 19 20 (@)
25 .33 23 24 25 -]
30 .32 32 34 37 3
40 .30 49 55 60 o
50 .28 70 80 90 S
60 .26 95 110 130 —
70 .25 125 145 175
80 .24 160 190 235
85 .24 180 215 270
90 .235 200 240 305
100 .23 240 290 370

Al-5 Stopping Sight Distance for e&nigle Siagme Biosads c(d)

Meeting Sight Distance (sometimesstanloeed Banhierdbsgaride that neec
provided on a single-lane road ta@qlilmwheebpplesitteadiekl¢ction, usuall)
one vehicle is executing a passing bheroaud rto, sboperatalyhib necess
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It is measured for an object heigghtobflal mp(preathengepassenger car) :
eye height of 1.05 m. This distawceeidhreosmod py npe siagtht distance for a
that is stopping to avoid a stationargx¢ebgescdferythmeargad.oA20-30 m is
sometimes added

It is particularly important to checkeMaet&iristbightoBdstalmat have a pc
vertical alignment that may contaircthsddenlidieps. tHatveeetrisingle lane r
have a relatively low design speed, haeoves mreeuidgneighée dost difficult
achieve.

Al-6 Intersection Sight Distance
Intersection sight distance is detefnviireed df candtrineep wihta vehicle on the
road that wants tocross or merge witbhatdaflnteosetheonmsaght distances
longer than stopping sight distances.

On straight sections of road, many vehdckedewignespeed blueg, being strai
sight distances should be adequateavelt!|ed ictlread gtthitathaoaudh the junctio
the major road. The situation is qsitth alti firearye mte alr toesloe down or stoy
the junction. This is because theetamhe aggunraddtdhacceéd cross or turn :
junction is now much greater, henece doagemnsigdhd.distanc

Al-7 Decision Sight Distance

Stopping sight distances are usuallyaddyficd mrptete nal kdoniw ees stonstop und
ordinary circumstances. However, thimsd edqsitatrece s eared oitems need to me
complex decisions or when unusual ocesuneeaprecteidedanioeaudriving task
constrained or limited by the human factors involved.

Decision sight distance, sometimes tedimealnca&ntitspthtordistghce requirec
a driver to:

detect an unexpected or otherwise idiffldrowdtico-peucee or hazard it
roadway environment that may be visually cluttered;

recognize the hazard or its potential threat;

select an appropriate speed and path; and

complete the required safety manoeulyre safely and efficie
Although it is not likely to be aLdoRmsmseonpa odrlie¢imaflofocations where errc

likely to occur are included heresfdesioaiple t®enpssvitiie decision sight d
in the following locations:

Areas of concentrated demand where swalrces rfadwaymelements,
opposing traffic, traffic control devicesnsadwetritdeaizgneignhsocamplete
for attention (i.e. visual noise);

Approaches to interchanges and intersections;

Railway crossings, bus stops, bicyalgepadhd,tewtrances of vill
Newly upgraded road sections or tlhcdhyhange of road hierar
Changes in cross-section such as at toll plazas and lane drops; an
Design speed reductions.

The minimum decision sight distanded foasustlhsidubeiqpnewire shown in T
Al1-5. If it is not feasible to provadseetlodsteodizdanalesrbeertical curvature
relocation is not possible, specigivattetotibme slhoai laf lBauitable traffic co
devices for advance warning.
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It may be noted that although a sighhe diesibenAé-Bsfehdlven rilght side (o
exit, exiting from the right sidendesdiephblenbb¥&sseisto be safe, cros
moving traffic stream requires trafyiofatrtjaohctheneiffithescseverely r
Furthermore, a right-side exithi 4 heel seox pre ct@amfdyc b fwitost drivers and t
compromise safety. The reason fortpraMbdvnfgornthise vmdaesibslity that an
(right side) exit might be necessath soaititincesatrodually wi

In measuring decision sight distandesantde01lmd aobjeyxe height have
adopted.

Table A1-5: Decision Sight Distanioes flor)Various Situ

Situations

Desig Junctions/inter¢ Lane, me Lane shif Intersecti
Spee| Sight distance _ _ _ _ _ _
km/h — Sight dis] Sight distan Sight dista

Near-s|{ Off-sid (5 taper | beginning o turn lane

exit exit

50 NA NA 150 85 150
60 200 275 200 100 200
80 250 340 250 150 250
100 350 430 350 200 350
120 400 500 400 250 400

1deyo

Al1l-8 Passing Sight Distance (PSD)
The minimum sight distance requigetd ke ar \palsiclantodthewr vehicl® saf
two-lane single carriageway road is ¢mabdesttdhecevwe htiakhimgldrive® to
slower vehicle without causing anwnltelningheedeslignospleed. Th@ ma
is one of the most complex but impaostahdodrevartgvedgkdifficultf to qu:«
design purposes because of the varitargestagmbdnvoflvedatine ee
vehicles that are possible and thenleeadeldyts exca homl eotfe roreed manoguvr

A driver finding that he has insuffiaieng metpaseiagtmaimdeuvrggéan
to abort the manoeuvre. The Minimumil§at$lsainngh$ig;rhgrﬂidiana:ncejequ
a two-lane road to enable the passingj.mTamEDeatzoentroebdeadbmritreingm F
are shown in Table A1-6 and summarised in Table 6-3.

(9]

>

—+
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Table A1-6: Passing Sight Distances

Design SpeMlnlmum PSD allo Recommended
(km/h) to %bort (m?)
(m)
30 115 195
40 135 275
50 155 345
60 180 420
70 210 485
80 240 550
90 275 615
100 310 670
110 350 730
120 395 780
130 440 830

Source: Manual on Uniform Traffic Control bevited.(M2OD8D)NCIdRPaReort 605.

Al1l-9 Headlight Sight Distance

Headlight sight distance is used togeesiggratematiorosadmavertical cur\
(Section 6.4.3). Where the onlyosouscetheofhelddhaimasi of the vehicle,
illuminated area depends on the heiglet thife thecat earddi glhésdab®rgence anc
of the headlight beam relative torthh@&dgabdbelipesotfiameof the vehicle on
curve. For cars, a headlight heighdivér@énme anfd ladiegame are usually us
calculation purposes. At speeds abdygbt8dokow/tte,dombbyekasgeand be percei
at the generally accepted stopping sight distances.

A2 Design of Horizontal Alignment

A2-1 Introduction
The horizontal alignment consists ofianse(tiesgehts)racghdusarctcurves a
transition curves (spirals) betweencthlartamugeass and the cir

In order for a vehicle to move inwardrcadaal pfaotic,eais required to provic
necessary centripetal acceleratioacoamtenmactthehrewoedsr,ifiogal force. This
force is provided by the sideways fescttind bledwean tSuefeyoe assisted by
super-elevation.

The objective is to provide a safe eoadtwhicdasamalbley dmimstant spee
Therefore,sharp changes in the gednbethi ch ohizmarcttelriestdcseatical alignm:
must be avoided. A transition curveowhiosi® ualdilse ohaeames sctraight sect
of road and a circular curve is usentrnroduediwoe acheetrupdatal accelerat
that occurs on entering the circullaresuave ndtamrgidiomdcwhen the radius
horizontal curve is large and are nbdwerr mkas$y aissod omathe
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A2-2 Horizontal Radius of Curvature
The minimum horizontal radhws fof aupaaturel,aR design speed iSs:

__Vv: :
R =T ) Equation A2.1
where:
VD = design speed (km/h)
e = maximum superelevationas a fraction (%/100)
f = side friction coefficient (Section 4.3.2)

The minimum radii of curvature fodsdeffidrkeengreesioh speerelevation b
this formula and pragmatic coeffiavanits DalfrécAidnl afoa plaved roads a
A2-2 for unpaved roads. For convenliedheae ,ithe¢lyeasea marhsaryinacf specific
for each” road class in the Tables imcCrieaptesy, thdsadbiedeadiustd dec
hence the minimum values should breosseditiochy coddrtithes and the d
angle of each curve should be as smahlsamsetimdtphysical condit

Table A2-1: Minimum Radii for HBPaivedtR b &ds es) for

Design speed| 30| 40| 50 60, 70| 80| 85| 90| 100

Side Friction | 0.2 0.2 0.1 0.2, 0.1} 0.1 0.2, 0.1} 0.1

Superelevatig 30| 55| 95| 150 2240 300 35Q 400 52¢

Superelevatig 27| 53| 85| 135 190 265 305 350 455

Superelevatig 25| 50| 80| 12G 175 240 28Q 320 415

Superelevatiol 25| 50| 75| 110G 155 210 245 285 37(C

9 l1ai1deyD

For unpaved roads, the friction is ustladly @rmnpad/@mbrlcyadiessl:g th
calculations, it has been assumed thdbritpisv80 oafdshleuvaluis is—dep
on a tightly knit and dry surfacewiftlyoodl goasd¢istgraesyelin other words
on which the design speed can be maidnsainfade ANipbonnIanlonooég pa
has a very low value of friction and é¢hncless wéllabsudréedenhan wu€h a
at a speed that is much lower than théecteotminby dbsignghpeddtahces
radii of curvature. I

Table A2-2: Minimum Radii for Hodmpgawneal Rauadss(mor >
—

Design speed| 20| 30| 40| 50| 60| 70| 80| 85| 90| 10(
Side Friction H 0.1/0.1¢ 0.2/ 0.2/ 0.1, 0.1, 0.1] 0.1} 0.1} 0.0
Super-elevatio| 15| 35| 65| 115 175 255 3545 418 475 61(
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A3 Design of Vertical Alignment

A3-1 Introduction

OnLVRs, as onhigh-speed roads, a smdortditlggeadbalnina s$erieguof success
short lengths of grades and verticainentvissth¥ectdamaliredigon of parabo
vertical curves and tangent sectionsgomfed paracduéeare stivigeodh¢gsctive. Thi
the design of vertical alignment iesntoncrersteandislagradives. A crest cur
convex vertical curve. A sag curverve aasositawer wreRigalte A3-1 and Figu

2, respectively.

L
=L/2
PYI
A
A M
3 E a2
Y(X)
[ "
BVC EVC
Long Chord
"

Figure A3-1:Crest curve

B L —
BVC I L/2 s
g1 EVC
g2

PVI

Figure A3-2: Sag curve
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A3-2 Vertical Curve Formula

Vertical curves are required to pomsidee tsveenticanaesitiive gradien!
parabola is specified forvertical curvesy idecaaseontsd ama radtel dfpchat
curvature and, hence, acceleratiors dedgvhsilEidugti@ahengeliating the
aspects of the vertical curve (both ewreist and sag) are as follo

Y)=r xe—Z+X ><f’—1+YB Equation A3.1
oozt 61 Equation A3.2
L L K
where:
BVC = Beginning of the vertical curve.
EVC = End of the vertical curve.
Y(x) = Elevation of a point on the curve (m)
X = Horizontal distance from the (BVC) (m)
gl = Starting gradient (%),
g2 = Ending gradient (%),
r = Rate of change of grade per section (%/ m),
L = Length of curve (horizontal distance) in m,
G = g2 gl (%), @]
Useful relationships are: >
Q
Equation of tangent g1: o)
—
Y(x)zy(0)+9f—*" Equation A3/3¢q
—
Equation of tangent g2: o
Y(x):Y(L)+“"2:¢) Equation A3.4
>
The y coordinate of the EVC: —
Y(L)zwﬂr’(o) Equation A3 /59
S
The Vertical Point of Intersectiona('nV)Pk:)oalr\darya;t(mfu(ﬂssa.thence,grom
6.1, the elevation is always; o
_ Ly _ ylxx _ Y1 xL D
YW )—Y(E) =y (0) +£2 =y (0) +£ >

Example:

For the crest curve shown in Figumet ABafiethimetsvareangg and -3 %
Beginning of the Vertical Curve isits ehaiabige A.000.0 mndThellength
vertical curve is 400 m. Compute therZemdamwd the Yeotfritiamlat@s of
Intersection Point.

The y coordinate of the EVC is Y(L) = (gl+g2)L/200 + Y (0)
= (6-3) x 400/200 + 100.0 = 106.0

The x coordinate of the EVC is X(L) 400.0

The coordinates of the VPI are X(IP) = L1L/2 = 200.0 and
Y(VPI) = Y(0) + 6.400/200 = Y(O0) + 12 = 112m
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A3-3 Crest curves

Two possible situations could present timgmtedvmsnwmem csagbhiddrstance
criteria on vertical curves. The BEdstightwhistanhe (SQuis less thanthe le
the vertical curve (L), and the settcomok reguieed esxgdnddsi beyond the ver
curve. Consideration of the propeetsabtsofinthiédep dodlwadieng relationships
minimum curve length to achievestlheoeguuired sight d

For S < L (the most common situation in practice):
_ G x5
[z x(my¥%+n, %)

=K xG Equation A3.6

where

lnim minimum length of vertical crest curve (m)

S = required sight distance (m)

hh = driver eye height (m)

hh = object height (m)

K = is a constant for given values mdg &ilglatndi$tarmnad (Stp pmid

therefore speed and surface friction.
For S > L:

A%+,

m. - G

Equation A3.7

On computation it will be found thatveéhéedgftfes emecgeusiren toumeet these
conditions are minimal and hence a simgda setecit&dvbduasdanmethis Mant
where K= L/G.

Minimum values of K for crest curveslaaedsfi@aWhe i A3Faldfber ABopping sig
distances, distinguishing between daffewehlt abjeassheggbtght distances.
eye height has been taken as 1.05 m

Table A3-1: Minimum Values of KufoesCftRat e/de R beads)

Design Sp SigKhth[;iSttaonpcp;n(gg = ( KPLOSrSiMninirr_

(km/h) _ g Si

hh= Om| h= 0.2 hh= 0.6 Distance
25 3 1 1 30
30 5 2 1 50
40 10 5 3 90
>0 20 10 7 130
60 35 17 12 180
70 60 30 20 245
80 95 45 30 315
85 115 55 37 350
90 140 67 45 390
100 205 100 67 480
110 285 140 95 580
120 385 185 125 680
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Table A3-2: Minimum Values forsCfémpareadicedadsa)ve

esn sl Se SO | ierwinn

(km/h) assing S

b= 0m| h=0.21 h= 0.6] Distance
25 3 1 1 30
30 5 2 2 50
40 11 6 4 90
50 25 11 8 135
60 45 20 15 185
70 75 35 25 245
80 120 58 40 315
85 150 72 50 350
90 185 90 60 390
100 270 130 88 180

It may be noted that high values oftKpaseinggusigehd tisteenece require
(Table A3-1 and Table A3-2) and hibepabsriag teigrtthidkeigeéahce, 't Vo
earthworks required may also be largae.gAslitdiotu d hs Bssn meu @ls nnamsiﬁmle |
be provided along the length of gbhesibae totachyebe pmassing sig dis
the crest curve itself. Encouragingedrivigrst tobistaarctakenawve nol bece
achieved is dangerous, hence shorbarnisgilithmessrteag stopeing Si t d
requirements,in order to increasreadbhe bangthrsenfsitle gs a betterCDopti

Where a crest curve and a succeedimprsanduave bagenmircgf curve
visual effect created is that the roaawmys smudtenigvérsepease, tO2 ill
a hump is created. Either effect ia sdhmotveadngiyhin§ esrttrimight grade bet
two curves. Typically, 60 m to 100 pwurisoadequate for thi >

A3-4 Sag Curves —
During daylight hours or on welldbtnotlr pe es,esadgacyrpesblems co@xerr
distances. For such situations, it is vecoarm edekd dnddtusamggca rdriyer
criterion of vertical acceleration. rA orh Dx ihisdsfaecedseatior his trgsla
into:
(9]
K >?/895 >

—+

Where V is the speed in km/h.

Where the only source of illuminatibe vehheldebtlddaimpmiofated area ¢
on the height of the headlights abonea gdimrceocoadgdemdofthleedheadlight
relative to the grade line of the rbadvahithe postieosuoskd. Using a h
height of 0.6 m and a beam, dhvvenmpdones of K are approximately twic
obtained from the driver comfortdhieeuvienddwbrcteshounl The resulting
for both situations are shown in Table A3-3.

Table A3-3: Minimum Values of K for Sag Curves
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Design Speed ( K for driver c¢( K for headlight
20 1.0 2
25 1.5 3
30 2.5 5
40 4 9
50 6.5 14
60 9 19
70 12 25
80 16 32
85 18 36
90 20 40
100 25 50
110 30 60
120 36 70
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7.1 Introduction

7.1.1 Background

A national standard is not aspecifibatiamdadftheugh, iincoupdrated
specifications and contract documents.eRidibelrevelsdlmdlerldtysthaas pst
be achieved at all times and nationmmjdethAsnengstestltemshitency aci
country. For the geometric standardssettsiskmoevanessxahalty rabhdtuto exj
Drivers, for example, are not surphaedeshynugeapiegtebhus, they v
unexpectedly find that a road is toaoveamorailteortihleart stpeeyeth drastically
losing control of their vehicle. Thaguatanteadsfcomartseular level of
and for roads, this is vital for reasons of safety.

The problem of safety is closelylumesstadchdtodeésafificspeed. Therefore,
volume roads, designed for speed takdsmmrbidinyexdadetely vital role ar
enormous impact on the costs tohshethactridffitcnvebume onanLVR is ve
it is now very apparent that tindeliketyonanbleewseehivehicles are also s
small (see Taldk&pBeim2 Approach. tobpbedmwiththe fact that the desi
on LVRs is also quite low, LVRamyefattthestraté eegdnmering rules of g
design that are based on safetiygltorod udeearto@ans has Hittle relevance tc
is not to say that safety is noit a® jissuehbdrth¥ Rsems that are jmpo
substantially from the considernayionadsf filgh appbolhch to the d igr
followed in this Manual allows forsthfetycwirthorattinoauofing high cosPs.

Q
7.1.2 Purpose and Scope

©
The purpose of this chapter is to providdgn ssummdaarnd o fththe Hdeewe be
discussed in previous chapters but wli¢mantscdarpenehtsoad cldBs b
together in tabular formatto providcanafaruieckchookeupThesOptionmB d
also provide a method of identifying @hteoe aNocheggsigne aadrd hreot sgtis
and where modifications are requiredisPossnmmarynfofmbeéiadreacequire
designing an LVR of the appropriate dtmapadetrach i sd aflfec eproe/s dexdist be
paved and unpaved roads because of eBebdifferanthfaityres aalMhe |
These differences are highlighted.

7.2 Basic Methodology

ubisa

7.2.1 General
The Manual comprisestwo basic methordoIdg'se'gnfdothle\,gI%S).mTerﬂemrefl
Option A design method for upgradimag kairs egbsntrirnrgelmzlﬂdofrotrtra'_'_c c
LVR1 to LVR4. It can also be used fuotr thigdhe fatlabfut<ilbess e, DGQpe
Manual. Option Autilises the existing abilgnaret t heesr erfo c b ad s gptdh ffe
existing operating speeds. These may vartyisaliomrgomhaentrdadidedgtﬁgg ia
sections of the road that warrant eitﬁbcraitrirmr.ov@trrr;@ntmpmcbimenm in

ensuring adequate sight distances along the entire road; =
controlling traffic speeds using traffic calming methods; &
minor alignmentimprovements to ensufic as precera; wamidorm tr 9
controlling traffic by means of warning signs.

In considering Option A, the above regpuoneamwhesn dahe colmponents ¢
existing alignmentthat affect safety duffferfrioynatlsogeitttantaf@ align
designed for higher traffic levels. éffotheverestha pudcemse must demo
that the recommended measures are dedecdalcletatitn.adGdyeaatiehat t
number of vehicle interactions o@hapit¥R 2s AQuptre dowTtaib Dee 2i.8N, a
LVR is inherently quite safe provided ubatsvaierepabtected, especi
controlling traffic speeds.
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At present there are no golden rudeskfiog ideedsfyiin gosordsafety on LVRs b
road accident data is insufficient forbsitcilh ies dseutgag kest eadn &hasisf, the Optic
road parameters differ by morethan 250% lfd dne ohéavaedesstimgt avfull Optic
B engineering design, then considetati@inhemoimgrbeegieat or modificati
locally as listed above. Clearly, thirsgajlsdgeagenteasnengxpeeirence that wil
enhanced by future research.

7.2.2 Large vehicles
In the specificationtables, large velhc&besvitdrehdeéimedmeaosd axles and g
vehicle weights greater than 10 tonnes.

7.2.3 Flexibility

Sometimes there will be cases wheereet igoim dnop othibslteatdands, mainly du
severe terrain conditions. Under sustamdacdmsmausdiebethmelaxed at the
discretion of the Engineer and suitablke tpewnamemtadigsag® angle possibl
traffic calming measures installed toasnlaw prapftiatid praat iosf dheosolution

For example, alignment design in seavereamosormaeiriowes teer difficult. |
minimum curve radius of 70 m to 85 spesaudtabl®Of&emAahdesggh not be poss
without massive earthworks and potentsabbptialyle this pofs sl opfe simoil anc
environmental damage. In such terrainbeheedeseginwipreetthecarssociated
alterations in the alignment standarderéhaasiayn dredalelsie expemsively. E
situation should be treated on its iderstpecThealednesfqraesign speeds
20 km/h to 80 km/h but if the spegeficatsogrs dbasshaeperd to be changed, a
of the client is usually required.

7.3 Selection of Design Standards

7.3.1 General

It is important to note that there isr sdamedssralintivdly ethdigtandard appropr
to the traffic and conditions shouldchrctu nes tased sn Bepr eammple, for rea
of national andinternational prestiglétanryfoegastoasegicroadmmay be built
higher standard than would normally be auwsiniednasigonal spadts facilit
(where the traffic isverylow for momsd qtittleehtighefbutsbhant periods), the
to an airport, and roads to military glsdnlsltiahdeermdts .camubseg luised if requi
but lower standards should not be usald cexacleppstancexsceparoexample, |
particularly difficult terrain.

The decisions and actions that are reqaieedufro mthreSémalndreigigre 7-1. Th
steps illustrated are notusually carrigldoount. Indidheedsegmenafethe decisior
will have been made at the planning sftaagsibidotmesftaldygwintgilat others can
be made until most of the information has been obtained.

7.3.2 Procedure

Step 1 Traffic VUblamiest step is to determine tlael sea $hdstrkefficeletbe bec
road cl@bapter 2 Approach to Dgsigmis,Tamleu2nr2determines possible d
speeds and overall level of servicastiont depeading o dhfe other control
factors. At this point, the proporitothme firtad bicystvedaoleis also determine
step is not specific to the geometrlily thavig b eaard caidfieduout by the time
necessary to determine the detailestigsomietiréecroladraldbevrever, more det
of the traffic are required for the mesnodtiice dethigm rimadeusers such
pedestrians, bicycles, motorcycles,imatodcywie iakisleand Tdarese are tak
into account in Steps 2, 6 and 7.
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Step 2 Road THessumbers and characteristicusdralarndhe otbiedered:c
(Chapter 4 TSeadfion.4t6is here that the road layout maryabevedtesed al
provided for safety and to improveoaseéruseaab(eity. frrerldakle congestiol
by slow-moving vehicles).

Step 1 Step 1
Determine AADT of motorised Determine AADT of heavy trucks
traffic (3-axles or more)

Select Road
Class

Step 2 Step 3 Step 4
Determine daily PCUs of Determine terrain class Determine nature of roadside
non-motorised traffic population

-

Step 5 Q-)

» Select Road ¢ ©

Type or Types —+

D

-

~

Step 6
> Select widths of < U
carriageway and (‘D
shoulders

0p)

«Q

Determine a trial alignment using -

the parameters selected.

Figure 7-1: Decisions and ActionsgRtehpuikiadlfDie Sigle Stian dja -4
. : . Q

Step3 TerrainFCdassolling, mountalnous(:Iaaudters(Sarﬁmredwa*n(entaI:S
Design Consid®eation}3.2.7 o

Step4 Roadside dev&hepnsene of the villages through whathateeqyoac
to determine whether they are largpaekiougharoageaqudreareas r t
(Chapter3 Fundamental DesigfieCtdnai@e2a®ions

P

Step 5 Road Type (paveBoormoptaveald:classes there are option(Q for
therefore the next step is to dbeideailhilh mpmeg waldes,the adoption
policy might mean that different padésighthlewidhdandaffdrent surfaci
choice of road type i€hkeggenilBedFumdamental DesigBeCoirosidexr2atlions
and the details are discussed in subsequent chapters.

Step 6 Road WIlidehwidths of the carriageway ancd smhonedarstehould b
5 Cross SlechAitonhis stage, additional factors thsttamdbedts thee geleme
considered such as additional road safiedyideattacresodogythe ce resaplo
Opportunities for the relaxation of stdedtaifdssdshould also be
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Step 7 AlignmEhe initial stage in selecting aomdlignmeskiefoh a mewte
on a contoured map or aerial photoguapheAcarmedroptowbses investigati
the upgrading of an existing road. 88ydaederethoe desipeestwill have so
knowledge of appropriate minimunthradinpoortipé cstoalrapli. Consideration
be given to gradient by reference mapthercbgtoaelsefofwlmen using stere
photographs. Several alternative aligime rdtess sdro plido bessrieldould be car
out in conjunction with on-site inspecdrohwoaaofl therwdygsnnGemts should |
chosen for further design and assesthmeehinalkienginasedecgidgsign.

On two-lane roads, the horizontal alignexentts mhaaurhds® eoderstiagking
opportunities by avoiding long, comddnuoekatcweMesshomstcurves at,
approaching, the minimum radius for thee ubseesdigm spa¢unshiomidvith straigt
or gentle, very large radius curveosn florid VRs$heAsadkignmetrit of flowing c¢
may reduce real overtaking opportugiitngsdithoassedrcioeralgémaviour. On t
lane roads, the provision of adequatéesvmatyakbergpaptmoutiamiy importan
because of the proportions of slow-moving vehicles.

Often a new road will be built to FridplaTleastraxcissiuiay ffaaxtiures of the ex
road, including bridges, embankmenaveasdbstannigé meaydial value ar
influence alignment choice.

7.4 Design Standards

7.4.1 General

The geometric standard of indieidoat elelineary ofitth the terrain. It is ne
that elements of lower geometricfiethrdaedsane itharitithey will not resu
unacceptable hazards to approaciengenehiwielsbd hresaily identifiable frc
preliminary horizontal and vereicalToervasusdoproigd necessary consistel
simple, as described below, and bsfhbtlud de bies @aarriedudtt as to the accepta!
an element.

7.4.2 Option A Alignments

As discusGkdpitrer 2 ApproacloectDesgbdigioption provides forthe adoptic
of an alignment that primarily fulfils an acmeaxsnfumcusae by thakexisting
alignment, even though the curvatulyewnthy flomabmeduifements. This op
provides a very economic standard for road\WRaBssasd VR 13 plpv B2r aatee
circumstances, may even be consideteawkoret,VR4itamnd redRi5ed to adop
more formal approach to the alignmernhelresiegoo ofseudhoubdie, made to th
adoption ofthe Option B approach, as discussed below.

7.4.3 Option B Alignments
In thisoption, the alignment is desygard &x dabfslfanmtobdnlitn accordance v
the requirements of the particular design speed.

7.4.4 Choice of Standard

Table 7-1 and Table 7-2 summathseatihgen malnutedesfigall vtariables that can be
check whether the actual valuesmemttlaeeeacxtepgadlie. In this regard, stopp
distances are probably the maokffergmidecsameiwédahethe tabled values and \
be achieved following an OptioneA 8BppTrabolublddgretditen Option B would
appropriate. However, if they arethesisGptioabb wsthdidd be the first choice.

For greenfield sites, and when fully remaiimedretdeddetgnledirdkesign standa
for each design class are shown in TaljleyR-B) ,(L¥Re),/7-Halhleé/R3), Table
(LVR 2). For unpaved roads, the detailedcthesdiggngatacidasdaréoshown i
Table7-7 (LVR5), Table 7-8 (LVR4),7FableVR2 Y laviR3)abadl2-11 (LVR1).
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Table 7-1: General design variables -Paved Roads

Design Speed km/l 1040 90| 80| 70| 60| 50| 40
g =09 m 208 174 144 11¢q 85| 64| 45
g =59 m 2349 199 154 12(¢ 95| 68| 47
g =1( m 280 230 184 14¢ 104 75| 50

Minimum Passing Sig|l m 314 274 24(¢ 21(¢ 180 154 13¢

Minimum Stopp
Sight Distance

% Passing Opportunit|y % 50( 50 50| 50| 33| 33| 25

SE = m | 52 404 304 22q 15(Qq 95| 55
Minimum Horiz _ : p :
Curve R@dius LSE = m | 459 35Q 269 194 135 85| 50
SE = m | 419 324 24(¢ 17§ 12(q 80| 50

Transition curves req Ye{ Ye{y Ye{ Yey Ye{ No| No

Maximum Gradient (d{ % 4 5 6 6 7 7 7

Maximum Gradient (a|l % 6 7 8 8 9 9 9

Minimum Gradient % 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Maximum Super-eleval % 6 6 6 6 6 6 6

Minimum Crest Vertic|] m/% 104 67| 45| 30 17 10 5

Minimum Sag Vertical

0,
Comfort criterion m/% 25| 20| 16| 12| 9 7 4

Minimum Sag Vertical
Headlights criterion

Normal Camber/Cross % 3.0 3.0 3.0 3.0 3.0 3.0 3.0

m/% 50| 40| 32| 25| 19| 14 9

spiepuels ubisaqg L i191deyd
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Table 7-2: General design variables-Unpaved Roads

Design Speed km/ 80 70 60 50 40 30
Stopping S g =59 m 190 145 110 80 55 35
Distance g =10 m 235 175 130 90 60 37
— - 3

MinimumPassing § 1\ 549 210 1809 155 135 115
Distance to abort

Min. Horizontal Ra | so5d 554 174 115 65| 35

4 % Superelevatiol

Max. Gradient (de % 6 6 6 6 6 6
Max. Gradient (ab % 8 8 8 8 8 8

Min. Gradient % 0.5/ 0.5/ 0.5/ 0.5/ 0.5/ 0.5

Max. Superelevati % 6 6 6 6 6 6

Min. Crest Vertica 58 35 20 11 6 2

Min. Sag V_ertl_cal 16 19 9 7 4 > 5

Comfort criterion

Min. Sag Vertical

Headlights criterig m 32 25 19 14 9 5

Normal Camber/Cr % 5 5 5 5 5 5
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Table 7-3: Paved LVR 5 Geometric P@rameters (AADT > 4(
Design Element Unit Flat Rollinl Mountg
Design Speed km/Hh 80 70 50
Width of Travelled wa m 6.5
2/\_/r|:ére05fj)houlders (h m 1.0 2.0
Minimum.| 9 = 0% m 140 110 65
Stopping { g = 5% m 155 120 70
Distance | 4 = 1009 m 180 140 75
Minimum Passing Sigh m 240 210 155
Minimum | SE = 4% m 300 220 95
Horizonta
Curve R SE = 6% m 265 190 85
Maximum Gradient (de % 4 6 8
Maximum Gradient (ab % 6 8 104 %)
Minimum Gré&dient % 0.5 0.5 0.5
Minimum Crest Vefticg K 45 30 10 g
Minimum Sag Vertical K 16 12 7 Q
Normal camber/Cross- % 3 3 3 ©
Shoulder Cross-fall % 3 3 3 g
Notes -

1 If there are more than 80 Large heeapecikibitiosn,s thenthe classificati.qp of
trafficlevel should be used.

In urban and peri-urban areas parking laegsiaed. footpaths may be

On hairpin stacks,the minimum radius mayf & neduced to a minimunU
Length not to exceed 200 m and relieffgraadimnimuenqoiréd 0(m)6 %

If the number of Large Heavy Vehicleso<l®%his can be increased t

In some circumstances in very flat teor®i8,%his can be reduced t wn

~NoO o~ WN
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Table 7-4: Paved LVR4Geometric PaOmeters (AADT 200-40

Design Element Unitf Flatl Rollinf Mountd
Design Speed km/h 70 60 50
Width of Travelled wa m 5.5 6.5
Width of ShlHlighs CE
(Table 5-1) m 1.0 2.0
.. = 0% m 110 85 65
Minimum. g °
Stopping S| g = 5% m 120 95 70
Distance
g=10% m 140 105 75
Minimum Passing Sigh m 210 180 155
.. SE = 4% m 220 150 95
Minimum
Horizontal | SE = 6% m 190 135 85
Radi¥s
SE = 8% m 175 120 80

Maximum Gradient (de % 6 6 8
Maximum Gradient (alf % 8 8 104 %)
Minimum Gr@dient % 0.5 0.5 0.5
Maximum Super-eleva % 6
Minimum Crest Vet®icd K 30 17 10
Minimum Sag Vertical K 12
Normal Camber/Cross % 3
Shoulder Cross-fall % 3
Notes

1 If there are more than 30 Large Heavy V¥¢RixlelsoulldebeTabéal.7-5 for
2 In urban and peri-urban areas parking lamg@sieed footpaths may be
3 On hairpinstacks,the minimum radius mayfbk5mduced to a minimum o
4 Length not to exceed 200 m and relieffgraadminismuenqoir@a@0(m)a %

5 If the number of Large Heavy Vehicleso<l®%his can be increased t
6 In somecircumstances in very flat tercaln3%his can be reduced t

7 These values are based on an objeca kiefigdrienft §i.2ed. obsecd requires approv
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Table 7-5: Paved LVR 3Geometric PdEmeters (AADT 100 -

Design Element Unitf Flat|] Rollin Mounta
Design Speed km/h 70 60 50
Width of Travelled wa m 4.5 5.5
Width of Sh@#ltabse § m 0.5/1.0-2.0

g =0% m 110 85 65
Minimum. Stoj _
Sight Distanc g = 5% m 120 95 70

g =10 m 140 105 75
Minimum Passing Sigl m 210 210 180

SE = 4 m 220 150 95
'(\:":Jr;l/”;“é‘?é):i%rs' SE =6/ m 190| 135 85

SE = 8 m 175 120 80
Maximum Gradient (d¢ % 6 7 7
Maximum Gradient (al % 8 9 16% @)
Minimum gré&fdient % 0.5 0.5 0.5 =
Maximum Super-eleval % 6 Q
Minimum Crest Vet(?ic K 30 17 10 ©
Minimum Sag Vertical K 12 g
Normal Camber/Cross % 3 a
Shoulder Cross-fall % 3 ~

Notes

1 If there are more than 20 Large Heavy Yehiskeds, then LVR4 should

2 On road class LVR3, when a 4.5 nadoptete@ waly. 50icthpiesved shoul rs s
considered on curves and at other appdepai&tar  ioeogpe woayswtia thr @fi 5.5 m wi
will accommodate the occasional passiageat hithe heehiglmsxed traf@c an
300, paved shoulders 1.0 2-0 m wide should be considered. -

In urban and peri-urban areas parking lamg@sirend footpaths may b eQ

On hairpin stacks, the minimum radius may b® meduced to a minimum o
Length not to exceed 200 m and relieffgradnéemits ura qafir2@0 (m )6 %

In some circumstances in very flat teor®i8%this can be reduced t
Thesevalues are based on an object heigthsiaé@.dbhe.cUseqmjﬁraasdiaprcawal

~NOoO Ok W

spilepue
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Table 7-6: Paved LVR2 Geometric Pardimeters (AADT 50-100)

Design Element Unitf Fla| Rolli| Mountsg
Design Speed km/h| 70 60 50
Width of Travelled wa m 3.5 4.5
Width of Shewders m 0.5
Minimum. 9 = 0% m 119 85 65
Stopping| g = 5% m 120 95 70
Distance | 4 - 1009 m | 140 105 75
Minimum Passing Sigl m 210 155 180
Minimum | SE = 4% m 220 150 95
(H:Sillzeonta SE = 6% m | 190 135 85
Radi#s SE = 8% m 175 120 80
Maximum Gradient (dé % 6 7 7
Maximum Gradient (alf % 8 9 16°)
Minimum Grédient % 0.5 0.5 0.5
Minimum Crest Ve(®ic K 30 17 10
Minimum Sag Vertical K 12 9 7
Normal Camber/ Cros % 3 3 3
Shoulder Cross-fall % 3 3 3

Notes

1 If there are more than 20 Large Heavy e lixdds, then LVR4 should

2 Where passing bays are not providdédofthbemCrmimiagewiay will be 4.5 m
comprising a Travelled Way of _3pavedstoR|dexyss0 mun

In urban and peri-urban areas parking lamg@sired footpaths may be

On hairpin stacks,the minimum radius mayf & meduced to a minimum o
Length not to exceed 200 m and relieffgradnémitrs ura gafir2@0 (m )6 %

In some circumstances in very flat teor®irmB%his can be reduced t

These values are based on anobjettahkifddtenft .izen. dbgect requires appro\

~No oW
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Table 7-7: Paved LVR1 Geometric Pdrameters (AADT <50

Design Element Unit] Fla| Rolli] Mountsg
Design Speed km/hl 60 50 40
Width of Travelled way 3.5

Width of Sh@uiders 0.5
Minimum g = 0% 85| 65 45
Stopping _ co

Sight g =5% 95 70 47
Distancg 9 = 10% 105 75 50

Minimum passing sight 180 180 135

3/3|3/3|3|3|3]|3

Min?murr SE =4% 150, 155 55

Horizont g e™_"gy, 135 85 50

Curve

Radids SE = 8% 120 80 50

Maximum Gradient (de/ % 6 8 8

Maximum Gradient (ab{ % 8 10 16%

Minimum Gré&dient % 0.5 0.5 0.5 O

Maximum Super-elevat % 6 6 6 -y

Minimum Crest Vet?ica K 17 10 5 g

Minimum Sag Vertical K 4 —

Normal Cross-fall/Cam % 3 D

Shoulder Cross-fall % 3 -
\l

Notes

1 If there are more than 10 Large Heavy e hlixdds, then LVR2 should

2 Where passing bays are not providédofthbhemGCrimiagewiay will(Be 4.
comprising a Travelled Way of 3pave dsasho2Idexyss0 mun

In urban and peri-urban areas, parkingelamgsieed footpaths mach

On hairpin stacks,the minimum radius mayf 18 meduced to a miniﬁﬂlm (o]
Length not to exceed 200 m and relieffgradiémits uraqufir2@0(m)6%

In some circumstances in very flat teor®irm8,%his can be reduced

These values are based on an objefttahkifdbtenft .i2ew. dbject requides a|

~NOoO oW

spilepuels
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Table 7-8: Unpaved LVR5 GeometricOP®Prameters (AADT > 4

Design Element Unit Flat Rollin Mountd
Design Speed km/h 80 70 50
Width of Travelle m 6 5

(Table 5-1)

Min. 1 g = 0% m 160 125 70
2:;’{]’{"“ g = 5% m 190 145 80
Distanc| 9 = 10% m 235 175 90
Min. Passing Sig m 240 210 155
Min. SE = 4% m 355 255 116
Horizon

Curve SE = 6% m 265 190 85
Radius

Max. Gradient (d % 6 6 8
Max. Gradient (a % 8 8 16
Min. Gratient % 0.5 0.6 0.5
Min. Crest Verti® K 58 35 11
Min. Sag Vertical K 16 12 7
Normal Camber/C % 5 5 5
Shoulder Cross-f % 5 5 5
Notes

1 If there are more than 80 Large HeavyaVieomis |k, the rclthss ifpeatifoo of next traf
level should be used.

On hairpin stacks,the minimum radius mayf dé meduced to a minimum o

Length not to exceed 200 m and relieffgradnémitra urra qafi r2@0 (m )6 %

In some circumstances in very flat tepor®i8,%his can be reduced t

These values are based on an object heighdionddOod jmctUrseeqoifrasdaffprewal.

abwiN
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Table7-9: Unpaved LVR 4Geometric Pad§imeters (AADT 200 -

Design Element Unit Flat Rollin Mountg Escar|

Design Speed km/h 70 60 45?) 25
E/\fl_lslgreosf_Tlr)avelle m 55 6.5

Min.. 19 =0%| m 125 95 65 23

gitgﬁf'”g g =5% m 145 110 70 24

Distancel 9 = 10% m 175 130 75 25

Min. Passing Sig m 210 180 145 50

Min. Horizontal R m 255 175 90 15%

Max. Gradient (d % 6 6 6 7

Max. Gradient (al % 7 8 8 8

Min. Gratfent % 0.5 0.5 0.5 0.5

Max. Supereleval % 6 6 6 6

Min. Crest Vertie K 35 20 10 3

Min. Sag Vertica K 25 19 11 3 O
Normal Camber® % 5 5 5 5 g:_)r
Shoulder Cross-f % 5 5 5 5 -
Notes —
1 If there are more than 30 Large Heavy ¥ehsebes then LVR5 should b )

N

The design speed has been adjusdedihémprroviddiithosf samvature as for Cfhe pa
standard.

On hairpin stacks,the minimum radius mayf dé& meduced to a minimum o

In some circumstances in very flat teor®i8%his can be reduced t

These values are based on an object heighdiondd0 0d jmactUrseqoifrasdaifprepsl .
Cross-fall can be reduced to 4% where warsafedy, (kow.rpomfrabdavel fo

o 0w

spiepuels ubisao
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Table 7-10: UnpavedLVR 3Geometri®@-Rdbgmeters (AADT 10
Design Element Unit Flat| Rollin Mountg Escar
Design Speed km/h 70 60 45?) 25
\(/\_/I_l;jk';reosf_Tlr)avelled m 45 5.5
Min. | g = 0% m 125 95 60 25
gfgﬁf'” g = 5% m 145| 110 70 25
Distancl g = 10% m 175 130 75 30
Min. Horizontal R m 255 175 90 2 5%
Max. Gradient (de % 4 6 6 6
Max. Gradient (ab % 6 9 9 9
Min. Gratfent % 0.5 0.5 0.5 0.5
Max. Super-elevat % 6 6 6 6
Min. Crest Verti®@a K 35 20 9 1
Min. Sag Vertical K 12 5 2
Normal Camber/®r % 5 5 5 5
Shoulder cross-fa % 5 5 5 5

Notes

1

OO~ WN

If there are more than 20 Large Heavy YWehisksds, then LVR4 should

Design speed adjusted to provide the gsatueemdnifrount hre ¢pia veefdcuY R3 standard.
On hairpin stacks,the minimum radius mayf i meduced to a minimum o

In some circumstances in very flat teor®i8%his can be reduced t

These values are based on an object heighdindd0od jmctUreeqoifrasdaffprewal.
Cross-fall can be reduced to 4% where warsahdey (ewgragimbdalfravel -fo
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Table7-11: Unpaved LVR2Geometric @&¥Yameters (AADT 50-

Design Element Unit Flat Rollin Mountg Escar
Design Speed km/h 60 50 35 20
\(/\_/rlsgreo;_'{;avelled m 35 4.5

Width of shoulders m 0.8)

Min. 1 g = 0% m 95 70 45 20
gfgﬁf'” g = 5% m 110 80 47 20
Distanc| 9 = 10% m 130 90 50 20
Min. Horizontal Ra m 175 115 55 159
Max. Gradient (desg % 4 6 6 6
Max. Gradient (absg % 6 9 9 9
Min. GratPlent % 0.5 0.5 0.5 0.5
Max. Super-elevati % 6 6
Min. Crest Verti®al K 20 10 5 1
Min. Sag Vertical ( K 4 1
Normal Camber/€to % 5 5

Notes

1. If the number of Large Heavy Vehiclesis@8@.then LVR4 should be

2. Design speed adjusted to provide thergameemdsifounpaaddi otfandard.

3. On road class LVR2, where passinghleamsnameumow igrtdwv od etch e Carriagewzﬂ will
comprising a Travelled Way of 3.5 m and 2 x 0.50 m unpaved shoulders.

On hairpin stacks,the minimum radius magfbe3mduced to a minimum ~l

In some circumstances in very flat tetrradin3%his can be reduced

These values are based on an object hendhdindédo objrectUseqafire didpproval.

Cross-fall can be reduced to 4% where-fwarsaftey, (lovg.racofaginavel

a1deyn

~N o o h

spiepuels ubisag
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Table 7-12: Unpaved LVR1 Geometric Pdrameters (AADT <50)

Design Element Unit Flat Rollin Mountg Escar
Design Speed km/h 60 40 36 20
Width of Travellg m 3 5

(Table 5-1)

Width of shoulde m 0.9

Min. | g =0% m 95 50 30 20
gfé’ﬁf'”g g=5%W m 110 55 35 20
Distancel 9 = 10 m 130 60 37 20
Min. Horizontal m 175 65 35 159
Max. Desira % 4 6 6 6

Gradient| Absolu % 6 8 10 16%
Min. Gratflent % 0.5 0.5 0.5 0.5
Min. Crest Vertl K 20 5 3

Min. Sag Verticg K 9 4 3

Normal Camber/( % 5 5 5

Notes

1 If there are more than 10 Large Heavy Welicdds, then LVR2 should

2 Design speed adjusted to provide the ¢atueenasi mumpeaeid sfacnurard.

3 On road class LVR1, where passingtteaysirmimeumo twpdotvidfe the Carriageway will be
comprising a Travelled Way of 3.5 m and 2 x 0.50 m unpaved shoulders.

On hairpin stacks,the minimum radius may be reduced to 13 m.

Length not to exceed 200m and reliefogradieimumqoair2@d0(M) 6% f

In some circumstances in very flat teor®i8%his can be reduced t

These values are based on an object heighdiondd0od jmctUrseeqoifrasdaffprewal.

~N o o h

For the lowest category of road, it magryoimedidops debasice access on
approach. For such roads, it may biel doo cxpigmsspeded pudvminimum abso
standards must be applied. These are summarised inTable 7-13.

Table 7-13: Minimum standards for basic access only:

Characteristic Minimum requireme

12 mabsolute but up to 2

Radius of horizontal curv )
depending on expected V

Vertical curvature

K value for crests 2.0

K value for sags 0.6

Maximum gradients:

Open to all vehicles 14%

Open only to cars and pic 16%

Minimum stopping sight d| Flat and Rolling 50m
Mountainous 35 m
Escarpments 20m

7.5 Cross Section

Asummary ofthe recommended dimesnsiromrss -foarcthenvalldments for bc
paved and unpaved roddmsaptehoswnCirossFigeceivpn2to Figure 5-6.
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1.1 Background

As Zambia follows the global trend towandsting rierepseerd anrtb aan ig@asure
the country s urban townships and settleementsbhaaetppéacantioslave, v
study and play in. Such an enviromemerit wiflleberyontdhheby generatin
sustaining communities and neighbourhmgdecowodtrhicwide-ciaig an
environmental advantages.

Roads and streets in the urban environmantsmpoZtambiacnpehiéent of
overall road network and transport systleouid threoevdentoy ahd safe
efficient movement of people and gosdsefhe anivien bengr ssteslt,acnable ma
Urban roads and streets serve all mlodgspef ¢isd nigmnosr,t ,.cycteilsits, motor
and eventhe occasional animal-drawn cahis lgoalrderbadaaclkeik\wp@droac
needed forroad planning, design and stiormmndete tomaaokigemenperatio
efficiency, road safety, and public eameaféwssThnalwiblf reidierent disci|
work together to achieve better urban road designs.

In preparing the Manual, it was instraxrtnverdm exprainenaadin the regi
internationally where much work hasngegnideheecin fdbevieumpan settle
planning and design. In this regardpftteemphlasss bfeem ansheftconvent
approaches that are concerned with the move nseirst aoh athy bef fiecpoppooact
concerned with multi-modal movemend, dmdssamppetsaals phscbeen a g

principle in the development of the Manual. O
1.2 Purpose g

The main purpose of this Manual is to pgoaitdeea hplostcb andthet&@2sig
roads and streets inurbanenvironmentg preklambiirag, lindossraotbred fo|
a series of principles, approaches, and eytamdaadluiisevteatnazhaecmzel@elsss
practice design outcomes with regaaddtonsltivegdtialeswreerkts ranging frc
to micro-level considerations. The Mamuaedcdoas foot Wwosceq@rio
designer will encounter, particulagxyswimgn ste¢edsitting can it covel
technical detail, but should provide toufdicicketaimfegsingaeo thfrough
situations that may be encountered.

<
1.3 Scope o)

The Manual applies to the design of raadzadrethdteaedsing botbhlplrgside
settlements, whether formal or infoermyaltoAdehasgtd etxienlskvely iB.-up
and retrofitting existing settlemenhdewvdds sadisfacky rbly afc ther® is
appreciation of all the requirementsdfa)p)paoiai(xarvitmgtaebdba/redepm@t (o]
settlements. On this basis, the desigmepetang thequ ipEmE hitse @ a rati
basis.

The Manual firstpresents the philosoplw veod umdetbhebdasigadsfdnd stre
and provides a definition applicablereocaddesssifagifitida meeftal des
considerations. The Manual then addressédatting tectrafticl vod p mets ae
safe vehicular operations as well as stodrewldhgr vdintdirnhgephtysficad asfg
of streetcross sections, horizontal anidhteastécailoak gnetwpeeangtreets.
safety forms an integrated aspect of fecimsitht¢ dedbijertaodd aalkspecific
of the Manualthatincludes a discussion aficidadyidreatueniture and
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1.4 Structure
Part Bis divided intotwo separate secltadrie ds Ipresente
Table 1-1: Structure and Contentof Part B

Section Chapter

e

1.Overview

2. Approach to Design

3. Fundamental Design Co
4. Traffic

5. Stormwater Drainage

6

7

8

Cross Sections
. Alignment
Intersections

1.5 Terminology

The terminology used to describefvariowsvobumpomentsisillustrated below f
of reference in the use of this Manual.

Figure 1-1: Street cross section
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2.1 Introduction

2.1.1 Background

Urban areas attract people because ofdtmetopplyyrtfiomritliosngffeut to v
trade, study, socialise and play. Creadinggvante nhhiesp meecrtivetdas req
suitably designed public amenities ofawthistretedsufbiam aosdjor compo
Hence, the geometric design of urifdersoapsraacihlsty efebandthat of roac
rural environment, where the emphasis is onconnectivity.

Because of the many differences betweetricuda&lsiggndasridasc geoed in |
detail in Section 2.2 below, the desigtneef suhkasn broosard sachdrcessed i
separate, self-standing Part B Urban RoigdsManbhalGeometric De

2.1.2 Purpose and Scope

The purpose of this chapter is tracposstigpm bHeugbamesttreets in the wid
of urban design and town plannivwoduamael dbrédefsnelttealso introduces the
of movement networks, context-s&smtpVeted Ssigrtands elements of
geometric design.

The Manual highlights some of the didpereomacds toe gpee@erethie design in
versus rural environments, discusses itmebrwrdachnedmssigamcﬂ)rtmceeex%lectz
the various users may have of a stréesy faidHithundafoortadeDE S
considerations andthe details of geomtstric design of such streQ

The Manual is aimed at the urban conttext warmad chwewmlmtmdaeadavd}g_pas
through villages. However, some a$ptdetsprocepbkas heerein woulf be
applicable tothe rural situation, partiadfeclgadmpregtstisaicaisa Dikfror

streetsto separate through and local mgwemweelkls azd ad nregre sSradas ure
N

2.2 Differences between Rural Road andUrban Road
The majordifferences between rarhlanadadraed debagnrare summarised a

Street space has to serve a much broaaerw@tliwidgddimmtaarrﬁth(aﬁ
having to cater for a wide range edftuaarss ijmgIgJedrim,gcméloter pl
people socialising, cyclists, motoredts, plbldt WI’rmmpbalv,gto
accommodated in an adequate and safe manner.

Cognisance also has to be taken of vulagrhbiled sneeeonuss%nsd:
wheelchair-bound people. -

Vehicle size andthe difference betwednnverei cdiegsizies naranm ut h e
is much more inter-vehicular frictionin urban areas. =7

In the rural enyvedinolestare wahlospagcead such speeds as theospe
and the vehicle and road conditioesaswiou ltd e eirrh atn wiheati@‘n tr
densities are higher and speeds lower.

Intersections, generally, are far apardbselyusph@edais, wlihidgj aore
with a significant influence on road capacity. —_

Travel distances are also shorter in hiéiee wriearfeoo otecd s Bt tt
encounteranimal-drawnvehicles, but pededtrians andcyclis®s ab

Incorporation ofthe street asanintegoarhwatérodl rtdimagbasystem.
rural andase is a need to get water away fronpdbeibleegdvhBleguic
within the urbalmeasereet forms the first element of Ttthis draina
requires that streets should be slilghaty deairesge doftothfeacadjac
properties, while roads are slightey celeswsateémaimagacalntdatto ke
water/moisture away from the pavement structure.
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Utility services, in particular, havéantdhleesaceotmspacatedProviding f
sewers operating on gravity can havetae®itghdficant nm pgpratde s.

Land acquisition costs are amardgede tménimeg osrt faetosrpace. In low-ing
residential areas, street spacetiticndd tbhalmeimdbdighdncome areas.

An outcome of the urban situation idrtbadetshgnstrdeasgfeaamess freedom t
the rural road designer and has to pmaxtioepleeativefidesidisiciplinary eff
with a number of otherrole-players.

2.3 Principles of Movement Networks

2.3.1 General

In defining low voliutmie sereessary firstlytofocus on theetarious function
meeting the wider needs of peopdeawdtstresgecgtatoerade conceptof movel
networks evolved in recent times. Mpvwiesra enubriect wigrtkktss odrvay, incorpora
roads and streets as well asfootways andipyebdwagsgemhbatbrastiwopgkis is
one of continuous pedestrian-frieay,|lyeoogndsinghthefmulti-faceted natu
local residential streets, morphingriiemnoageld!vcideanspoatmovement networ
linking to mobility orientated fadilnbicewse moernhigh e@re cpleee and goods. Whe
approprmoeement networks will include railways.

Local movement networks are m
and (b) junctions of public righ — | ]| | L—
These links and junctionscontsg =t ———

of ways for different move [g
including footways, roadwa | «—Footw.
cycleways and sometimes railw

Viewing a movement network J_v[
public rights-of-way, as oppos | Path
network of roads, is central |:
approach presented in this cha i4'_cyc|ew
An wunderstanding of the pot '|5
functions that each link with |— Roadw.
network may be expected to pe il
appropriate number of lanes, | \
structure,the footway width, th — ' —
provisions, and the intersectiol | |

spacings, etc., to be selected.

The scale of the movement net Public right-of-way
pedestrian-only through mixed- FEijgyre 2-1: Illustration of
only. Vehicle-only links corre potwork as a series of ovi

arterial roads and freeways, wh . 3

links are typically designed to precMida|lmododéeseldnk® deesrform a mixec
mode function, at the one end tendingtionpwedthswréednclkeomomination at t
other end. Access to adjacent land wdrilke Wntih, tthhenMfumnttésnricted in the
of pathways and local streets to prcatiicitéeanilly mioeb id atyerotives.

Junctions also perform more thdanregardubaethomve Méirit functions, the car
capacity of an urban streetis desectiomedalpyadhte ,imtet the stresetcapacity. T
the intersection performance thhé ofienatiotreaiméfiisiency of the network of
as a whole. Whilst intersection capatri¢gteonshowldoiom present any probl
intersections with higher-order cst\ettts megamdetbdoos-movemisnt functions
the exposure to two movement rounemithatctavitgctts acjunction, immedia
creating a conflict between a neead#hdoadjaadpntalacedssand the need for unenc
safe traffic flow.
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2.3.2 Role and Function of Movement Networks

Movement networks also include the conceptst®fthseresitiaectdesign
Complete Streets . Human factors desnghhis drsveuschnibtduesiedvishes
capabilities as on what the vehicleiveahedogn €datessesenafety and e
while being responsive to the road unmsaneen\siroatnealt.ankiiComplete
is a street that accommodates all streete mearnsgialirogypriorisy fteo mioe |
efficient mode while responding tohahecherigerbd eomdpibudtes to a he
vibrant public realm in a sustainable, kPawmagni&ssabdostiiedfencdiwe me
networksis a major aspect of urban detham ame diccdd mfugkhomidernic de
but one in which the input of thgigeemdonrimsdassganeficant contributi

2.3.3 Classes of Movement Networks

Table 2-1identifies the six classes of mtevreemenrte d ettov o kt feile iMl@nu al
offers in broad terms a comparison betrkessstmmogenbatFieewtier RO
Network System and othernomenclature anduseérdet cvladoes. rlmadonside
thistable, it should be clearly undaristorodsthmatbtrived derpns and that
no direct relationship between the moveerecntassifvoakicamnsd |As ind
abovymovement networks encompass much nccedbidnlthe veasuesr mbbil
that lies at the heart of the other systens.tiRief@rcecueento arl@sto |
movement network classes as definetdeiamdihigs tdbbe onClears she

-y

It may also be noted that higher-owdetdmdaerdy-thsghevuteslumes o tra
or accommodate higher orders ofroaddidwercomdericoocttasittyoubgy inv
local and access-seekingtraffic and/oelascobsorddhten thigdaerre bdicral :

D
Table 2-1: Movement Network Classifiemsion and Othefr Syst

Movement Netw Five -Tier Sy{ Other Nomengd Jlleam N
Street C
. Class 1 Principal Arte >
Vehicle-only Route Regional Dist| Freeways 1 )
: Class 2 : , ©
Vehicle-only Route Primary Distr Major Arteria 2 —
o
Mixed Pedestrian 4 Class 3 : :
Route: Higher-orde District Distr Minor Arteria 3 g
Mixed Pedestrian 4 Class 4 -5
Route: Middle-orde Local Distrib Collector 4
. . Class 5 iy
Mixed Pedestrian 4 (@)
) Access Streel Local Street 5
route: Lower-order classes)
Pedestrianand Cyc Pathways 6 O
Pathways NMT Routes @
0]
On mixed-mode links that accommodase tbed¢olltowfifig b bwme 6 no
(Figure 2-2): -
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Intersection spacing should be inflaléac@eddesteidry,cincatation, blo
sub-division,and internal utilitprseirdidcetreniscthatriony cdraffic circula
considerations. By limiting straighft,roatwake hn swieicdhe®hicles are
able to pick up speed, network configurafifon sc@lamirbge meetlanisms,
which enhance the ability of pedestyo@nasl tondsre stead¢it@anfolrpurpose
Low traffic volumes do no )
investment in intersectionhgeoger mxed- | |
form of traffic signalisat
can, therefore, be used

breaking long stretches of

Intersections between tw:
links that accommodate s
of traffic, are less access
provide opportunities for
trade and collective ser ==
Activities should not, t 1

—

— |

prevented from locating
intersection.

Lower order’ mixed-
miode link Approximate scale:
L L L

Figure 2-2: Relationship t
and lower order mixed-r

2.3.4 Definitionof Low Volume Urban Roads and Streets

Against the background discusseadrav®veas ttloewhaeé ctoostitutes low volume
roads or streets? It is evidentotdhaht toHowehdbrappral roads, of a certain
of vehicles per day, orequivaldhinetaswfdrdeaxlésyild alsoapelyery difficul
Hence, a functional approach is fotakeedfnoitrh guedpniaeiples embodied
movement networks.

For the purposes of this part of thebManstaéetswaveldieriened as those fac
in the movement network primarilymaddte rawred! witbrtbeder mixed pedest
and vehicle routes, |l.e. Classes 4 andtdrisasdwedhsasothg MMm)mathways,
Class 6. The following township layoudegrete haseanmaslustradnoe of this
definition.
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Aﬁ To Border

Not to Scale
d“m

@)
>
QD
©
—t
9))
Legend _ -
Class 1 Road s Zoom In
N
Class 2 Road mm
Class 3Road mmm
sspcs >
Class 4 Street == / ©
Class 5 Street TO CBD ~ O
Pedestrian Way mumm : S
Cycle Way = @m0 Q
(@)
Figure 2-3: Illustration of differenfmmcn\lémneamrmaedmccartlegorie?
—t+
2.4 Characteristics of Low Volume Streets o

Low volume streets are charadterceedyimdhreg firsemarsly forpeople.@is
People walking to school, to publocstreamsporpubdiwvarkeniti€ls (c
hospitals, etc.) and to visit
People socialising
Children playing
Hawking activities
Recreational cycling

ubis

In the seconid pekawves an access function requirnvglvemgcle movemen

Relatively slow speeds
Left and right turns in and out of properties
Parking
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Low volume streets also provide acceeditolesusucip als seagsieeremoval truc
emergency vehicles, other municipadupgrlyicesd (elgctniatgyamdaintenance

may also in some instances serve as busnronieipahd erinicds smuhes, and
excepting pathways, also have a draasageayfwtnbeingtre eftLlfil

2.5 DesignConsiderations

A first step in thegeometric design nsrwld ethe surdbaind devedopanent plan of
area involved or to assist in establishismglaardimalrdepdotguifisuble detai
design. Ideally, the development pbadsmoadtdecomhpmisvhiahincludes a pu
transport master plan, and a dramaggsmasse ougtdhapier 3
Fundamental Design QGldssudesekestipardinent aspects of suchredevelopmen
detail. Obviously, the development macdepophda wndoldnatlion imn other
engineering services to be takerctintotpcwatent,sligplglend sewer mains,
other public services like intermét.cable, telephone,

With adrainage and roads master planinendoeusabtebieostsleeuldrtigroup
of streets in the area under consinterdatiofn moMméme hthenebworks and norm
engineering geometricconsiderations.

The two classes of street thatwouldbeprimarilyinvolved are:

Lower-order mixed pedestrian and Aedesbd Lrocd /R E€idebs ba l
Middle-order mixed pedestrian lasd veboclel basteibtdr/Collector) stre

However, consideration should alsotkesgrueannsowptdsisipher-order streets
well as cycle and pedestrian pathwaysdur thegplisanioeg isrdoebe given t
space for stormwater drainage systeoesas well as utility servi

In situations where retrofitting is reagohireticaulldobietiad @apterd against th
backdrop of a preconceived master plamuPdelte naeal ded ud sotrheey tend to
provide short-term solutions that may @tbdnersssthee pdhtaoutlae spmse of the
problem. For example, the installahiwmporh aytsadfwctrcaaflfmangcally, but it c
not address the broader issue of thetvwark cexignragisty egpteeding.

Ministry of Housing and Infrastructure debDehgpmgment AgRocy



Part B Geometric Design: Urban Roads

Bibliography

Botswana Roads DeparBmesw a0 RIgad Des.ighnnMsstnyadf Transport an
Communications, Gaborone, Botswana.

Council for Scientific and Industriag Rese@oats (U ItRY n Blua tchimology (
Guidelines for Human Settlement, ®$dRn Freg torda D &Soigtrh. Africa.

City of Cape Towrirexaiwes for the Planning, Design aHdrmaplement
Settlement Projects iG@iCapé ClagpeenTown, South Africa.

City of Johan@Gesipdede Streets Desi@QityGafidehaenesburg, South Afric

City of Northamptomb@0,IRyral and Sub-Urban Completal $Sorethts Desi
City of Northampton and Communitierstyi@itfaofp Narehadopton, Unite
Kingdom.

Committee of Transport ORiKHi2ks @WdDUth) . African Road Classificatior
Manu&louth African National Road Agency LimSedthSANRAL). Pretoria,

Committee of Urban Transpodrofftfidiladbd (10OBi6@klines for the Geomet)
of Urban ArteridNaRimandad Institute for Transport and tRoiad SRoastdhiarch,
Africa. '®)

Committee of Urban TransporDr@ffitaG3(12t8a8yrtural Design of Hrba
Department of Transport, Committee ofiUieb;anPTeamrsipo$D|A\tmth°\fr§5:a,

Committee of Urban Transpobir®fftfidiTads (1Ge88Metric Design of UBban
Roadepartment of Transport, Committee ofiUebaﬁrErtanisapSrduAmgbrric

Committee of Urban TransporbraffidilaGs 7(1 S&®dmetric Design o&kUrb
Residential.SDegatdment of Transport. Pretoria, South Africa.

Chen WF, JR Richar@hei€wv{RE0Y)ineerinG Hardresesk.Boca Ratonl,\JUS‘

De Langen M and R Tehroadectd081lgnd Livable Cities: G:\Lnidaeridnej>for
Bicycle Traffic CR@flPiress, Boca Raton, USA.

o
Dutch Ministry of Transport, Public Woakt (208 dWiatieraMandgée oad
Design, A PracticaMiMahmwalof Transport, Public Works ame@ Wa+er N
Hague, Netherlands. (@)

Ross SilcockToiwxddy. Safer Roads in Developindo€ oRulmtrnes s ARa Ui
Engine€ransport Research Laboratory, Crowthorne, United KingﬁPom

-y
Vuchic VR (2o@bgportation for LIQHIPIR Bities, The State University of
New Jersey, USA. —t

Wolhuther KME0me®)Xric Design of Ro&d®BCHRnadbo,dkoca Raton, UgA.

ublisoa

Ministry of Housing and Infrastructure de\Dedopho@pment A



Part B Geometric Design: Urban Roads

Ministry of Housing and Infrastructure debDehgpmgment AgRocy




PartB Geometric Design: Urban Roads

Section 2

(9

-
w

esign

Ministry of Housing and Infrastructure de\Dedopho@pmient




PartB Geometric Design: Urban Roads

Ministry of Housing and Infrastructure dk\Dedophopmient Adeoncy




Low Volume Roads M
Part B Geometric Desigr

~N

1. Overview
J

[Section 1: IntF

2. Approach to

. J/

SR

<
3. Fundamental
Consideraﬂo)

e A
4. Traffic

\_ J

4 3

5.Stormwater D

e A

6.Cross Sectfion
\ J
e A
7. Alignment
\_ J
4 N\
8. Intersectio|ns
\_ J

Ministry of Housing and Infrastructure Dee\Dedoplho@mient A




Chapter 3 Fundamental Design Considerations

Part B Geometric Design:

Urban Roads

W www

3.3 Ba

S
1
2
3
.4
5
6
7
8

WWWwWwwwww
WWwWwWwwwwww

mp
4.1
4.2

Bib i grap Ny . e e — e e a e

troduction
BacKground . ... ...t i
PUIrpPOSE anNd S COP . et st e e o e e s

lementation
Need for a Strategic AppProacCh. .o onnccnncnnnnn.
Choice of Construction Methad.. i

Contents

NNING CONSIAderationNs auu e cmmcanmnane e e enn.
Urban ENVIirONmMeEe Nt . e st s

Urban Design..
Town Plannlng ..
Upgrading and Retroflttlng

ic Design Parameters.

Functional Classmcatlon
Traffic Volume and CompOSItlon

Design Speed and Sight.DiStanCe .. unnwmmmmnnnn.
The Design VehiCle e s
The DeSigN DIV el . sttt e
The ROAU SUTITACE ... o ettt et e oresimessmen s s

Design Life. .
M|scellaneous DeS|gn Aspects

List of Figures

Figure 3-1:
Figure 3-2:
Figure 3-3:
Figure 3-4:

Illustrative urban design framework ....coeeeeuuuvnnunnnn.

Candidate site for.retrofitting..
Candidate site for.upgrading..

List of Tables

Table 3-1:;
Table 3-2:

Dimensions of Design.V.ehicles.(m)..

Minimum Turning CirclenR.ad.ii. .at. Craw] Speed (

Turning template fo) single. U.n|I Iruck.(.S ................ 3:7.....

Ministry of Housing and Infrastructure dk\Dedophopmient Adeoncy



Part B Geometric Design: Urban Roads

3.1 Introduction

3.1.1 Background

The geometric design is the procelysngf szlleedihg thred vapious visible
of the road or street. It is a compleaptmykngndagwes detyanted from
and graphsin design manuals. Goodidesigmsedquonea sopaatdvenderste
of the principles involved. Design thbhesstapidc alraphw,inegss were provi
guide the designer butthe informathobhleasdatbrt agpfpthesd piarticular rc
streetbeing designed.

Road design is traditionally approachoddtlieomothzopetak @aéiocrnveent, mo
as necessary by vertical alignment comncsiirdtsrafidone atygithad conosts se
In recent times, aspectssuch as humae factigns, anandersiseasctyi of d.
have become more prominent in road design.

In street déeige factors remain important but to &elargres iedxeand(Raw
decided onupfrontduring the urban dgsipgaaangd dbvam pihanidevEropn
project. The input of the geometricidb dighkeasrém biemsexercisedgyork

multi-disciplinary team. o
—
3.1.2 Purpose and Scope D

There are certain fundamental considehatiepstinigatointdeeanitedesic
requirements pertinent to the geownéume, dleoswgrdelr Ispwweet systems.

grasp of these underlying considerdatidresiignefsgretag palkpose opl:’his
is to sensitise designers to these fundaateheahsamiodstdesngn ta sths a
undertaken in an informed way. T

With regard to scope, the chapterHhg]hﬂliigg\tsotri"seid\ealaikjoaspwhic% inf
the approach to urban design. It thengpresamatrsdber b adbbd défectqhe
oflow volume streetssganiddmmocwedeen how such designs can be implg'mer
of new developments and the retrolfoptimensf. existing deve

3.2 Planning Considerations

3.2.1 Urban Environment
Geometric design normally tends to bdcm®tom theehicdeembance|the ne
stress that the design of streets mbet ultkaen comgwirtamecenod fand ke v

juswe

aspects incorporated in the concept of movement networks. O
In creating an attractive enviroamegdmehdrataatesr paramount. A®har
of an attractive urban environmaemtwatend oefi gageal. s 0p)
3.2.2 UrbanDesign Q

In order to ensure a better understaandomgoa‘ntoh|[er|atmmaﬂt|IIook|sf|?st
takenofthe urban design process. |Vhescpameaa blegsatrhce |ei$3taalblls(r)"nen
urban development framework, incorpetwaoirkg sy sheme mhentalso téking
account the geophysical as well asathenbiophmeirtsl. a M joocel e nts
development framework are a movement mamsbterteplgpiana addaifree e
requirements of the developer or regthraiing theclammdkdise budggt, e
number of stands of various sizes peprhieesarethearfendsekléngeeds to
developmental costs, etc. D

—
Movement master plan

The movement master plan will focus paleidotymieberhlgnbsn ahdhm e'_q_ws‘

movement network and the necessary Eiakmgtewoth. thieewddsigarst+and .

for the alignment and linkages of these eeadiseadessgneetstaniad&do m t
5
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relevant authority. Typically, spacindhetsendaudeswiMitthpplyrticaular emphe
onthe spacing of intersections. Otdoerceequdesmemtspaeld, limiting criter
radii of curvesandgradients as well agrtross-sectional requirem

Internationally, nominal road reservarwidfhthdoordreesefroads

25 m to 30 m for higher-order mixiedepededssr{€haasd3yeh
36 mto 40 m for vehicle-only routeariarthks ¢Cdas sif) meano r
50mto 60 m for vehicle-only routeayisn dahé trlaswagyfsi{@llassl).

Actual cross sectional and road rebervet reyg uhre Rieads WéeMelopment Agel
or the local authoraty time cclagel may be.

The movement master plan will also wtisiagetb hdenrtdoipethedoeserve the ar
Generally, bus routes will follow ClastsbZisamduCé¢asma8yraligesocltwr on sol
Class 4 routes. The ideal in idendaivfiyde @b edfioietets dasraaterservice as pc
without having people to walk morea tihas stdbpkhpartefaom the street netw
the movement master plan should also ciycledeapledagsrian and bi

Drainage master plan

The drainage master plan will striveptneastabdrshwpterdfdoe patterns ar
identify measures needed to ensure umaiffpdeteslevetlexmead those flow:
inter alia by attenuation and other sudg®bheamteanglamhwildraiso strive

ensure that drainage of stormwater bthgraviignsdpovskipheeandloes not ta
place in very flat areas that will memnowaeeirnundateld dhscttry to avoid u
establishment on very steep slopes thigh riskh potesitoal.an8hould it not

possible to avoid such areas, appropcitace dtweihdiarglandocoeasample raisit
floor levels at least250 mm to 500 mm mlsagemthauexdmdcdad enagb, should
be institCtlealptaereals with drainage aspects.

Otherconsiderations
In addition, the geology, topogitagly,asalctitaé beoghyneical aspects, e.g. we
fauna and flora to be protected, all doawrettbelier eéakleen mmotioe adcetailed tow
planning can proceed.

Illustrative example
Figure 3-1 serves as an illustrativegexfrmamewofrlan urban desi
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o Mixedt Use
[t indtustrial

Services

@ sover

ivﬂ:ﬁr supply

' mechieal
Storm Waber

Sochal Focilfies
Education

. creche
. primary
. secondary

Health
elinle

@ oy hospitan
o community hasgital

0o
e community centre
o sports stodium

Public laciities
@Pﬂldﬂﬂa

° police stofion

° fire station

Amenity

Vil |

Figure 3-1:Illustrative urbandesignframework

3.2.3 TownPlanning

Town planning takes the urban desigatherpha&ciagdofl aitrdorami am
block and stand layoutas well as streetonssdevenwitiethyamboulst
demands as well as normal geometrig aaguicemeenés.ginlee rtim
appropriate guidelines such as contaigaddihadIsits Meatrsuw| | v ptiho
the planners and geometric designers.ed hass mthdk Manbal tewai
the geometric design engineer.

The town planner also has to consider the se@tlodrineerdals utiii
Another important consideration whielo dle ¢tedigqth o masdreereet w
fighting equipment available to thdatyelevant urban author

Typical town planning norms for stoeddrwifiths are of the

25 mto
20m to
16 mto
13 mto

36 mfor
22 m for
18 mfor
16 mfor

higher-order mixedepette®ts aim amnar \ae he ¢
collectors also acting as bus routes;
collectors;

residential streets

8m to 10 m for culs-de-sac or short streets
4 mto 5 m for pedestrianand cycle pathways
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Once the township layout has been icodéisngae r tdeen geroroeerd with the de:
of the street system. This compristecad estedmhioinzo nhal vedignment, final
cross section, any other elements tosbleayrovadaddsicd tthse bdrainage des
In the prawessognisance must betakenofand pyowvesvooes bhite porwerli
water, sewer, telecoms and gas, that Isdgyeelde by plehrered and de

3.2.4 Upgrading and Retrofitting

The process described thus farlds daineédp tetrgmesemyfi@rojects will be
concerned with upgrading or retirnotfote kngtoh §adelvekesspments, so-called broy
development. Upgrading generalbtpleefiargrooesmealierte existing facilities
retrofitting borders on redevelbpseatesFiegwsieudtoml where retrofitting wi
required, while Figure 3-3 reflimgtsiautatponal upgra

Figure 3-2: Candidate site for retrofitting

Figure 3-3: Candidate site for upgrading

In both insthacgrmsocess remains the same,sexcéptpghadiimgthleecgeometric
engineer may not have the beneditootl@ ttleanw arrkdah@are in conjunction wi
authority involved. The essenbialtbirde sti¢pshednhadnage system and move
network and then attend tothe fumchimthadtbeassifatadimatters. Once the oV
plan is incpllxieleration can be given to mcoitgiyahdhtehexshtontceituation by
applying, as closely as possidleuntditeopaiinoipvesneht network and street |e
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Undertaking upgrading projects withoute@aomastredepl aas isheofull bene
funds expended may not be obtained.drheepoiointy threodidib@ge isst
followed by pedestrian facilities andamnlddemahke ngavgdlesd way

3.3 Basic Design Parameters

3.3.1 Functional Classification

The primary design parameter will beatioen fahdhi®e nsatrecdtsaifgquestio
determined during town planning oaeiss aase sthoofwtnimnmg Tpable 2-1. The m
master plan, and particularly the publtltcatrahasmpowtlélglimgnd major role
process.

3.3.2 TrafficVolume and Composition
Traffic volume and composition withe lpgometirnordeclignnof residentis
becausethe function of the streetgwlidctoe .tAdidehetchdntinue for i ect
as well, but incase of evidence of cromgmstiimlry witlmtfelrgsree:rtiorg
traffic data will have to be acquiredffiltecbaentlsy mmemancst ctudies
as discussed in mG he piteetrd4 kifif i ¢ g

—

3.3.3 Design Speedand SightDistance

19

Design speed

Design speed is a yardstick selectednfan télrespuefnbeecsortrfelcheso of
various design elements and consistentyteimmhde sdgaighnsplaesdits the
maximum safe speedthat can be maintamefitbeapadswberficonadtions
so favourable that the design features of the road govern. T

Design speeds for urban low volumhe steegtnbaailétiefs t e $itua§on \
relatively low. The following isrecommended: o

Lower-order mixed-use routes (Residdenkiml/streets Class @):
Middle-order mixed-use routes (Colléédtkmdtreets Class 4)3

Design speed is not to be condpead emito,f.anme ed ilnthits or speed(Mest)
may be imposed on a road or stuéctsitnderonssagis.eSthhat makeitdesiyabl
the operating speed of vehicleg, doschostbhoce pacdal transfer posnt, |
extremely unwise to reduce theodiddighssprealdi,casthewight dlstancﬁ-’req
a situation where sight distance is critical.

A section of acollector street also aedingwbetdh asihogctiang Srtadingols a
instance where the design speed shoubghba ceaimaisgee dalmlay bemimp
Sight distance o)

Sight distance requirements are dirspetlgdlimkeldiverdessg be abie tc
hazards on the road or street withteudfidiertedumhe dayimrdquired safet
This time determinesthe sight distanaeaeaagaid exr.aOstredivof som® ler
may also be necessary for a driver to pgser oglowemtakia ga vetrad ben &
entering the opposing lane. For an omemimkimgcheanmogpace an th® fac
oncoming traffic is required. Sight dns¢eamnak aspatsoim thuenddgsigr
intersections, albeit applied slightly differently. 5_
Sight distance requirementS€iaptdedltAligmiddatpter 8 Intesrsectigpn

suollel
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3.3.4 TheDesignVehicle

The design vehicle is a theoreatidalnca mealsviehrakdelt repreefents a comb|
the critical features of thosehaekiale snflha¢ nweubcdh geometric design. The
isrecommended:

Forresidential streets (Class 5):
0 The passengercar forhorizontal and verrtdcghtadighaneret- aald taetd e
aspects

o0 Thesingleunit (SU) truck for inteosaxtiahiding desegmaspects.

For collector streets (Class 4) whetharr rs@trving as bus routes
0 The passengercar forhorizontal and verrtdcghtadighaneret-aald tetd e
aspects

0 The single unit bus for intersectionuvagpbiliay d eogilgar aspreces. The
bus also determines the maximum gradientthat can be accepte

In the case of residential streets ((Clcksssb ), seldeasimgperaigdhntting waste rer
vehicles. In the case of collectors (fUasis 4)s¢le asnrelereaisienting buses
emergency vehicles such as fire engipetypTadla3mkebhelowsshfowuch vehic
and Table 3-2 minimum turning circleradii.

Table 3-1: Dimensions of Design Vehicles (m)

Vehicle Wheel Bl Front Over, Rear Over Width
Passenger car (H 3.1 0.7 1.0 1.8
Single unit truc 6.1 1.2 1.8 2.5
Single unit bus 7.6 2.1 2.6 2.6

It isalsoworth noting thata stationarylfispalecoiccupde® Caldd 1.8 m in len
and that a cyclist needs 1.0 m of essenmtidl mMédnoewasitg mfpatable
manoeuvring space.

A pedestrian occupies a circular spdi@ameteabdetdeé@Orimmsiprefer to be «
metre or more apartwhenon the move. iNokxnbah/gal&iogisgeted 1.0 m/s ir
congested conditions. In the vicirsidkomfl 20 ladnrd geo $ipinals,, walking speed
also beof the order of 1.0 m/s.

Table 3-2: Minimum Turning Circle Ra)dii atCrawl Speed (m

Minimum Turning |

Minimum Turning

Vehiele Outer Wheel Paj Inner Wheel Pa
Passenger car (P) 6.2 m 4.4 m
Single unit truck ( 12.8 m 8.64m
Single unit bus (B 13.1m 7.8 m

Note: Allow an additional 0.5 mfrontoverhangl formPfandB 88 oedictles o
when determining clear space requirddufreer 3u4nbegovr éderato iHustration

template.

Should larger vehicles comprise mrafédichminx 1@ h¥clfighumlikely in the ca
residential and collector streets, iy willude cthrem rascaesagn vehicles f
manoeuvrability, in which case refeadect witlh eraaeptopréate design manu
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The maximum height of vehiclesaitdocoatred lhad by Ikigexit bearing on t
of low volume streets. For sight desgdricef gheppasserigerhcar is taken
whilsta height of2.6 m is ascribed uckhe Bus and the SU-tr

Turning templates for various design nveHickosn pute m-aadad | edraugh!
programs,orcan be constructed frominéeé infoamletid2ciénequired. Th
template for an SU vehicle is shownadnllkigtuaeedtdeimoepeets involved.

1
|
|
I
I
I
I
I
I
I
|
I
I
|
|
I
|
1

epund ¢ J1ai1dey)n

0 Ilm 2.5m
—— Path of right
scale
rear overhang
M [T
Figure 3-4: Turning template f&Ugingle unit truck g
3.3.5 TheDesignDriver @

Two aspects pertaining to the dekegdedrgwne rniarhlelgnctdhe eye height of
above the road or street surfeaetaond tineedroveventsin the teafficCstre
immediate surroundings. D

The majority of passenger car driteefsatheaa beyan Heuwghd of 1.05 mC@r h
hence this value has been adopnedl|foThesealuehfisrMruck and busd@rive

Atime periodof 2.5 seconds is gleaeeatlyioac tienpeefbasiriver respo‘ﬁ_se |
stimulus. It is deemed unlikelyeghatediitoers acitl ltd multiplensttiienh Ufxin t
orcollector street environment asnddemioed thos theelueurposes of tISs M ¢

3.3.6 The Road Surface O
The primary aspect of the road surfacmettoibedesngndes ¢lle ns lgidlogesis
or the friction between the vehicleftyces Binids tdfd erotasdbo®th the steppir
as the turning capabilities of velat¢bes on Fuittien ifrafotrams can e fc
Chapterf this Manual. —_
o
3.3.7 DesignlLife D
The design life of residential stremtsllgndectelheictodsbysthe pavement
because the geometry would not easilylehallngaen entetsask esapdnae® Sh
redevelopment take place, the functionhé clasisitichtinod hees gébme
adjusted to suit any changes.

o
-]
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3.3.8 Miscellaneous Design Aspects
Apart fromthe geometric design, aspeetedthatcsho@ld be consid

Designing requirements for vulnerableP rimecd paslghs uisie nsi red e
accommodated by appropriate sidewadk!|de&®irgn |inrec bureianlgssantd the
selection of appropriate street and sidewalk surfacing.

Environmental requirements, partiaulagle. in respect of dr

Choice of surfacing. Forintersectiomaesidewmatketanmavciycdeblocks
and/or cobblestones may be the prefeirmedovptdsk,dithersftamce or
aesthetic reasons. These surfacings woulaymlsmt cdeaiteg nthee emp
construction process than the usfamifng. bituminous s

Landscaping to create a pleasing environment.

3.4 Implementation

3.4.1 Need for a Strategic Approach

The implementation of integrated dersifpn selWwtdens|owmethts or existing
developments through appropriate retroéiquiirg s red su pa@tegliim approach wh
design professionals work collaborartsweeldg thi¢hatfrdatre ptammmunities.

Upgrading or retrofitting of esigptamg cwilaly arfesml$enging as the existing
population will be inconveniencé&dfectsvempubeigrparticipation will be re
during the planning and design phateeseaonfdomulsé Meirmtion of the constri
work.

3.4.2 Choice of Construction Method

Urban development projects, be it nepgracdcingl cgqondemngsr ofitiing projects, of
excellent opportunities for labour-basedrkenstauetimornsankcye available i
sufficient numbers within the commumngtietsaiWiith amel regaidd managemen
virtually all components of an urbamredthbhgeltabanorbguppostedchby appropric
plant and equipment without any relaxation of standards.

Phased construction, i.e. construltceaisgréew eraVeyreentodtructure and alloy
its use as running surface for all dewedbok mentted utseafbicildnig has beel
completed, saves not only possibleperverasteessnbhdagfetbe hupt also damag
kerbing and sidewalks.
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4.1 Introduction

4.1.1 Background

Traffic volume and compositionnormialdy hlae aiandireiotnenh maspects of
or streetbeing designed, influencingwnatimbf ta@estobbeamrdvided. In
casgsaffic volume and composition may ailgomiafituemare inrsd amoceed, tarla f
with a high proportion of heavy veheécleeslewbiolnl oécguaseéer grades in
terrain instead of following the shordesurandeateteripercgmadients. Tr
numbers are also essential informatioseoironlse decligmesf dhtehrougt
turning traffic have to be known tt® ¢eaberiménaudthi¢iarerednd turning lai

Inthe case of low volume streetsotrpétyodthenvee ndature of the situ:
will play but amodest rolein dessd@lasscépbliresbofrastreets are concer
traffic information may be needbeeddffowiittt eriggghctioorder routes. Hence,
determining design traffic volunmeshaseMaoarrporaheddesign of sjuch in:
themselvesisto be undertaken imaennad bdrthegdesobume roads.

4.1.2 Purpose and Scope
The purpose of this chapter is tescamaih@bikef@rdeeammining the futur
year peak hourtraffic as a basis for the geometric design.

In scope, thischapter:

Introducesthe concepts of design héfuic.and design hour tr
Deals with traffic surveys of existéngefsai(giriih'esrtbraife‘tervrtiig_mes

Discusses traffic or transportatansmofdddiagmasirmagndesign gbolun
major urban developments or redeneddopomeistsprdwiideidfas b-:.l\jkgr
knowledge should the geometric ldesigmesrubbcwaord iarve findsthe r
establishamovement master plag dirdheblofwee-stdetirstreet d®sig!
-

N

Covers traffic impactassessments for similarreasons.

4.2 Design Hourand Design Hour Traffic

As in the case of design speed, the|da509|ofh«:)mrndnst|ahssobaennlglcUE'ilgn
andisnot an hour,as such. These conditions include: QJ

Traffic volume in equivalent vehicles per hour. —

Traffic composition, that is the propofrltircarffdtﬁvsaud:dnuasctaasrsﬁhsbm)s
trucks, etc., in order to determliimmethe equivalent vo (@)

Directional split which inurban peagk lagu88:20vyldible the laftern
peak often mirroring the morning one.

Traffic volumes are normally expressaidyinradfinog oD Tdveragrendal av
daily traffic (AADT) if counted forcanfueitedl ¢mdavreyaqe obull-year tra
weekends and holidays are excluded, TADADIE gheatdrbtharse®™dAn pref
to AADT in an urban area.

In urban conthi¢iaverage highest peak hour coundniglidteree.nPeaktperi
may have different peak characteriayieslsdtbee pengepeasroshmrter than
and can contain short periods with viggymiimtietres p efliowdswith the highe
is often used for intersection deséegndeastigmayf riesiglahnsodated occurt
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4.3 Obtaining Trafficlnformation

4.3.1 Traffic Counts

A classified traffic count is an impboetgebometuricedefsdgptaffooads and stre
On vehicle-onperrmadent and regular intermittent cmxdenssshy parttedatic co
by manual counts are features of road erafrffbenmaonmateemm,entie floculs is or
intersectdadstraffic data on all the legs ofealn iAsesEéedtnon isarsauer

nor necessary to undertake long termpabttenhs. atkrlaso tfraaifffiic stable an
reliable information can be obtainaetdsfrom short term cou

Procedures

Intersection counts are normally dontdomanthallgsswsthnee waf hand-hel
counting devices, as illustratedaiticFigundedslard stometimes employed a
busy intersections for short periodse ofittumtehenbrodow cveol be done by a
single person, notingthe different me weenheéalts dlpshesvamipre-printed fo
per hour or quarter-hour. Densea fafficn wiblunmeiqyireor each leg of f
intersection. Personnel doing trafiffpedownt marstohalegjafety wear and
all due precautions to ensure their safety.

Figure4-1: Manual counting with achdowinh®eust hand-hel

Urban traffic remains fairly constant over ihehskbaagnpgdrit ds afrfdcaégdo
weekends.

Thus, the timing, frequency and duratioshoudfl thaffgivesnurveyy careful
considerationin terms of striking a balecureae det@erarablyt ands not advis
to count on Mondays or Fridays oruthdixcs hodfdagsarGduetsp should not be t
in school holiday periods, nor over tiperCodisPma-diNeervetiam of traffi
patterns should be doneto ensure thadlbath thhee aiterrmiognageak periods
covered. It could be necessary toOst®r@ couwheésnasrreiardyaasl to continue
about 22:00 in the evening. Peadalkrgecitdadncdestgnf@muiposes should be
recording data in 15-minute intervayscdusingoal ldidwee&lld) suffice for m
intersections, with two-or three-dagrgobunsy oasesv&tdearch has found
urban traffic patterns are very stabheadddohusxtlearsavis labtdating. Figure
and Figure 4-3, illustrate the counting operation

When information on pedestrians and/dyaysdipsasaise adsoneghiceld be hel
and not combined with vehicle counts.
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Axle load surveys are not necessarydetligegpomedrioridésidpstMnation s
aregenerally carried out for planning purposes.

Figure 4-2: Counting in g Figure 4-3: Roadside O-|

Vehicle classifications and equivalencies

Table 4-1 shows the vehicle classificationc®ymspelimpe tloen meswlés oor t
traffic surveys undertaken for geometriecll dasigime pegposzien@s f@ct
involved forgeometric design.

It will be noted that the classificewieorm ,i s ifstiim g ud srraiirgdh tmfeoi n |y b&Dwee
and light vehicles. Heavy vehiclets tar8 fakletn omse €. uliMetlercycles are
as 0.5 of a light vehicle (car). QD

Cyclists are normally notconsidered iritdetaVmenénmo liecrye twabfac-gtudi
counts indicate a need to accommodydke clanléstarsdpabiatprovidesl. H
where cyclists constitute more than>10 i% isf ndheomméfidechithat a
equivalency factor (CEF) of 0.1 is ascimbseadmte® whegmfoo abeounnfluenc

intersection capacity. H
Animal-drawnvehicles are seldom foundniaedmmbatnb a iceoanss ialred elde n (o}
there be a significant number (>5 %)ashayhehoyldehédre awich aCEf‘of |
to their slow speed. )

Vexing questioAs concerns mopeds, scobeeranmdhcer-lalsejsuieaitocm‘:"'pot
the category of bicycles or motorcywxderst.s tthtar Cisdear Oh25 is ascribe
to them. o

Equally vexing is the CEF for tri-cycyasncdsumad-tdhawlihkeoawne resea
required in this regard. In theummberismbheogndfithenth (>5 %), al CEF o
of between 0.1 and 0.25 could be afs¢hiead etdhieg rdiesicgeénicoar.
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Table 4-1: Vehicleclassification sywsrtierd efoigmrban geome

. . Car Equiva
Type Vehicle Type Descrip Factor (C
Car Pa_ssenger car, Mini-bus (<1 2 axle 1
(Pick-up)
Small bus 16 to 25 seats; L
than 25 seats); Light goods] 2 or 3
Heavy ve ) . 3
ton; Heavy goods vehicle, 1 more ax
Tipper trucks, Multi-axle try
Motorcycl > 250 0.5
Small
motorcycl 250 cc 0.25
less
scooters,
Bicycles < 109 N/A
y > 10 ¢ 0.1
Animal ca <5 % N/A
> 5 % 3

Pedestrians
Pedestrians are dealt with separatelyaa®@HBFhelmde rmattiasicoibemedestrian
should be gathered in separate survegsbshoagdisadc.h informatio

4.3.2 Modelling

Transportation modellingis a procesgsveEme¢nte peecdsnthatharm generated |
development in an urban area and pfawided dratmsporttipdasds and transp
infrastructure development programmafdtcosnsipevedrfinldispensable for
large-scale development initiative.

In the first phase of modelling, land uksethedataipsmakiegtetlaaacteristic
determined. In the secomdi gelasrealysis is undertaken in whap is known a
process. Computer-based programs havet bredhis gvreologped, tangssg from
models specifically developed for msdéhlimgghamgedalstwaoinked at loca
networks or individual routes andotlsénruliatiorns emnbidals, ftfor studying lo
intersections and making visual presentations of the finding

The four steps in the four-step process are:

Trip generation
Trip distribution
Modal choice
Route assignment
The main outcomes of the analysis are a¢naftfikirfkowfsthrdmspded Hsdometworl

of all the modes of transport envisauwcdich @ nvahleimegtwyckinigpcprivate car, |
transport or rail.
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Trip generation

Trips generated are person trips andgareeseaparatmd iftdadheateorigir
purpose, viz. home-to-work or homalso-dah/eola dAe¢lsttimpsion and can
length and route ascribed to themp Tnhoamaiig-poewonkitrdtes, takes p
the peak hours andhasa longer disrtipnge nemdtioawved kimeunTto differ b
socio-economic groups and factors canelasdiffer for different

Data on trip making is acquired by toviidahfgdhzeosesdyideeretafiing the I:
and sizes, undertaking household survieors fandt glemsusgdatbarmRdad
origin-destination surveys are also uswldl. bfehec hoakfic spoasst®hoon:
homogeneous land-use types and take mataralamnau h dgphriessy s iahoaac c ¢

Trip attraction
Trip attractors are partly identbhbfiedméariofhy duoweydhe size and natur
development. Typical trip attnacthrsaoppphapedesodaftesnal facilities, et

Matching generation and attraction

As every trip has an origin and a deghi@masuom,oft tfoplovastrnhatted to
generated by the various traffic zonelgtdhoubd noatidhe ¢tagariearbd leac
mathematical balancing to come to as cHostumatedyclarmexgessilvie eff«
not required as the degree of accuradyinggaeipadssnmdderstto an inte
for instance, will, in capacitytermsQproeidelas pdditbaural 6

Modal split O
Modal split involves assigning théimemodety,pf®rtexaavelle, walkdng,
private car, bus, mini busetc. on thfe rovesstiih erfe bhyec seiavieyg ivehickp tri
In the prauessognisance is taken of normal avéeage haclasp amcyisa tle :

~—t
Route assignment )
Route assignment is the process waélkeirdbyttipes diféeassignetheo the roa
road network. Various assignmeen vescthiquthe hpeevsd ,be.g. Alh or Nothir
the advent of powerful computensendqlualk bréecmmestiigem norm. This 'Pmpli
vehicle trips follow the most onostneffessiardlyotthte ,shortesttasnthe cost
delays on shorter links exceedsdils¢anaet toAvbEexdkton alternative Hnks

-
Model calibration Q
Once route assignment of the base yea(attaffit rooradhmree bwe ek yissatho n €
model is checked against actual traffic spamtdnaad aidpustede asroees:
larger motthédscalibration activity is undertakensomvepracrteeal ltinesso as
over individual routes.

Model use

The model is now ready for use andtaloareldifnfutcarre bandndee and ne
scenarios. The future land use projeaeirons fore cagtuihed nuber of t
the future year, which are then assigmed tfaituhe eritswuomlg asdng t
constructed model, to establish capaftfiegtrefteavmisagad rnbew road i
relieving expected congestion.
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4.3.3 Traffic Impact Assessments

Overview
Traffic impact assessments (TIAs) areiom esdsene®, ook imgnatp blreaeffect!
of envisaged new developments on thetsoaudttetwork. A TIA

Project the changes to traffic flowelregsmEtimg from the dev

Establish which network improvememtsm adateeghudrellatogascia traffic
flow

Evaluate the number and location of acopmendoiard toakde dev
recommendations as to their design

Provide a basis to determine a compoargilailideeve fopespe aidic networ
improvements required as a result of the development

A TIA does not normally require thee so@ddetdcloednedétving studies an
usually reliant on hand calculationsinclloeeasseanmlgtissbbduld

Capacity

Intersection improvements within akmadius ofl1.2 kmto1l1l.5

Need for street lighting and intersection signalisation

Pedestrian movements and numbers to ensure road safety

Estimation of trip generation
Trip generation can be estimated by:

Modelling as discussed above (seldom required for TIAS)

Use of trip generation tables such laes tm®tdeupeu olfishreach dpottation
Engineers (ITE),or in TMH 17.

Basic analysis involving:

o Estimating the number of persons involved

o Theirdeparture and arrival times at tdferdevkdopimledevelopseents
or arrival and departure times in daselopmentresidential

o Modal split
0o Vehicle occupancy rates

In considering trips attracted by ctonatlenwaatelbaslopmemade for trips ¢
in at the development whilst on a pkimamyefrip slushcasew@a non-primary
as far as the development is concerned.dénvedspassnngablctreps havh to b
allowed for, but in respect of neywohr@siemprligatiloats goalify as primary tr
the development should be considered.

Threshold level for TIAs

Not all new developments require Tlasfiasgdheratkedtivayalbeé minimal.
Normally the threshold level for edqb@rinaghic |€EA piesr sedur. Any develop
generating more than 150 vehicles perstudjecithouddTaAvawkilst the state
the surrounding traffic situation shoUlllA guhdeethlrentvadfforganerated lie:
between.

4.4 Traffic Projections

4.4.1 Approach

Traffic for geometric design has tscilge yexmje cteads¢om.thlen deodelling, the
use is normally projected and the fedrfctethemewvsianepesset and econon
situation. In other instances, trafficekpt@anbasidbybenesltalbhbaesds of grow
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expectations. However, there is nidfeeedttol pso¢ascoftivehdcles separa
current or historic number of eqsimaplgnievelsicd ksstechtogether; from
year to the target year. To arrivevaltentevebmhes, the yarious numbe
different vehicle classes are multipliedibylemeyapacopricate added to
number of light vehicles (passenger cars).

4.4.2 Selection of TargetYear

As indicatedin the introductionfothtemdfis hitithd areseich the design of re
streets (Class5) and residential colleotarese Cllassrd) eactd slue hceum b
However, should higher-order roatlsebedeisigolwvéddodmnioume urban str
instance in the design ofan interoedeonowidhghied angleeshould be sou
the controlling authority of such deadgabyearther tiaegéitc using the inf
Generally, using a target year 10 te idrysewach id¢sigme fatauld suffice

4.4.3 Estimating Traffic Growth

Traffic growth is very sensitive tangdcpmomacta@oardotiohts may, theref
prudent, should the implementatiohocasssinbe lognifiedndm and high
growth rates as an input to a traffic semgsfuimite ameafysiau@dlensl a0l
the rules of compound interest, witlsetdadficagpenwtdnexgpee Thus, if t
basic traffic is denoted by AADT' and itde, gemeaahwgmowhre mattree traff|
any subsequent n years into the fwtatienis given by the eq

AADE AADT'i(108)+

There are several approaches for ensttimpatcregithpettawfdin@sbd common
ones are: Q

Local historic plredédsrinsgroneeh trends are established fr&m p
counts and projected into the futumeth omforthationads grothE sa
area may also be a good guide as tooyeratihoganepsdcdnan the(_lzpr

Government expectations of e@oavmetrhicngroavthc is closely rglate
economic growth of a country orere ggiomnomeiccgrewphbhcrtates obta
from government plans and growth fosedaigtstradtild mricje dtéogns.
this instietnicepreferableto use regional ecorsmtiitegeoart @fselim a
large regional differences. N

jie

4.4.4 Turning and Through Lane TraférsBcstorsution atln = —h
Unless there are clear indications ofrm&wvldadetla»p:rhangse:thimttraf(f’ic p
it is reasonable to assume that futusedtiomagwtlilaffdplictateteurrent
Projected throughtraffic at interseatadhys ddandbd baekerears tehg througl
available.

4.4.5 Pedestrian activity at tradiemg/commercial venu

To account for pedestrian movements apllsalpedeatdiag aouinisyc
betaken. This would requirecounting @ eopldkomave mred tth @ \ag e a
interest. However, this would require a large staff complement
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5.1 Introduction

5.1.1 Background

Stormwater management is based onhtdalthe ede tioa pe atnedc s aliety of resi
as well as properties from flood damage, in withustaiensgd esnba hibe rta rt
natural environment. In this regard, streets play a major role

Broadly speaking, urban stormwater drlaénagreedat ihgehfearish odppropr
connections to an underground systermdpdcripte opelvedtajnas, which i
discharge into natural streams.

The design ofa stormwater system invdleecshatacdesisgisoseat ofetcatct
area, the selection of the design floatdofreafueme ygudeerteity iof stormwa
be accommodated and the sizing and desigre pfitbd floriinageasnEagyem
all within the ambit of legislatidnsastathabpeideipdespment.

5.1.2 Purpose and Scope
The purpose of this chapter is tointandtlce bhhyidamablidrdecsggn ofthe dr
system, including thetoolsthat are available forthe drainage desig

The chapter addresses design flood foe ghuee rpd eesn iang aamdn@m;igpof

stormwater systems and illustrates typical sttountuatesr. Ga@amatgexie ol
details of stormwater management strudtueresetaref iiryqjllccbelddiﬁiwin
accompanying this Manual. ©

~—t

The chapteris not intended to be a dramargky Mmaowsdd out psop@@ing
designer with an approach to urban stloendaabethdtawoagdd bededrlirec
the design. Nevertheless, a workkedoegradnphe ussprowitidhe manlbql ir
to a better understanding of the various issues involved.

5.2 DesignFlood Frequencies (Return Periods) 0p)

~+
The determination of the design flobd &receyetaonr e oidcbenrsstkk of @ama
natural precipitation, from both severe umiedrencpjenteseartmy t(d frequ
common storms (called minor events). Imgebmemstdonhy etee ntsam&Bst b
contended with and a distinction is drmmmdtaettwreemftmeinaxrcmndémaj
hydrologic events or storms. ®

Economics dictate that it is not poajobletaomsrowitde fbasign of @l rc
street infrastructure. Yet, major storohasmage.c'ﬁcmsrealsdgeithdand@hoh
dual approach is used.In the first insti@anaien ¢hleatr pirreagatsygtdmmage
nuisance from frequent storms by means afidher sniabamsystemppihte d
the minorsystem butwill accommodaocentlleshifgbquennacftforms whi_‘ ac
some degree of inconvenience and nuisance. )

The stormwater master planning wihiceengrdesvathinbathyagor systegi.

The following design flood frequencies arerecommended: Q

Major systenis50 years for all master planning fordreh)ahode(gelop
stream crossings;

Major systems20 years forClass 4 streets (collecubas) also actin

Minor systems: 1:2 years forClass 4 andaCldsgsebopimeats,in r
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5.3 Planning Aspects

5.3.1 Legal Aspects

Stormwater drainage is largely governeycoynmgirs |batwonu lfed | obwitn slightly
modified to give certain rights to pabtlicubdarnthotetiest t@fthe drainage desi
are the natural-flow rule and the reasonable-use rule.

Thenatural-flow rule places an onustonmhowadeddnantbigbeepgreund flowin
along its natural course. The imphictasitomnowdhés mee not be dammed by
and street construction to the degrpmepéray.higher-lyi

Thereasonable-userule permits propetigyspwnaerakl@mdaswtholrle use of th
land even though it may alter the flowffefct wrifaraewwbderdraigage througt
the street system, but not to theitreduitmeaurofngtliabshity. As the intensit
volume of runoff from developed landrumodfiabilgretocdedelblpenent, this,
turn, has led to the need tomanage storhawdtandroahedsecitopredkeeping wi
natural flow regimes from before dewehspmeam K cexdepibris dvould allow
otherwise.

5.3.2 MasterDrainage Plan

The objective of the drainage masterepdpmeist.surstardabléo dmeet the
requirements of thereasonable-use ralep amd iiro mmaernyt aclaseguirements,
behoves the partyresponsible for the gdewerlommetn br vwhethea, to draw up
drainage master planidentifying the following:

The catchment area.
Routes for stormwater flow.
Volume of predevelopment flows affected by the developme

Measures to ensure that post-developnrantsaidamage staohreot
environment or any property.

The master plan should alsodetermimeghe 1:50-year flood Ii

No residential development should be lub@eyeakehl b@edoiwntehseand the floo
linesshould beshown on township deeebadpimeorm@ltaos.for gen

The drainage master plan shallconsiienlaglbeelegandlt{bpoghgpical and s
aspects andadhere to all relevant ZambimradeégisdbanonindN e hdoralich dogee do n €
without a site visit by the persontméh icorodvtednso pagvailing, particular
respect of natural watercourses.

The drainage master plan informs theedrbaredramevanrdk geifeées the town
planning and the design of the deyaiken. sittetdte doavnaglearsning, suitable
must be identified for detention owhetleatiponmsrposgarks, sports field
private land and be so identified in ¢itheadteadpglahhenWstbianlag identify ar
that are too flat or too steep for dewebddmeatrifnsutcdh avewrsl| area.

Ifdevelopment has taken place or craproatbweeatwoedsadblitshsthe probable |
of major storm inundation and ensure thed altl {kcecsit IEy@Inmareoradd mm
above that level.

5.3.3 Detention and Retention

Detention and retention measures arerumtefidegp doibittaIly attree peak flow
Generally,these measurescomprise strateglicallsyciphagedretansethéltows a
a rate not exceeding predevelopmedmgt Eltows,tbe slttermaeitveer future use. Th
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thesizing of the dams requires estCoatpaneo fptrioeg maumfslcawe available t
inthis task. Design of retention dams musé¢lalteodmegtilatle gafedyn amids .

O

Figure 5-1: Attenuation dam andinlet to outletstructstre

Outlets to detention facilities often ocwlmeprrﬁssaecatishnor\lva)tianerothhr(
culvertsisdealt with in a numberoafogeadhy anditebtieonks. Out_lgts 11
designed with care, not to create enesgynd psroilpletrassamudst be pr Dvide
can take the form of widening theasitlgtticbannedhniess of the ch
constructing small protrusions or peavidinminig rlaat thisostbucture m
aesthetically pleasing. Whatever formsdahet omulsett berpotouwmiase talkv@rh a
off footwall to prevent scour of matacitalr éroanu dialp wt ttloecstlapse.

All dam structures whether detenthaveospel@lagisde sigstof the sMIwc
forms part of the design of the dam wall.

5.4 Design Aspects

MW 10]

5.4.1 Calculation of Runoff
For street drainage design, the so-saVvidelyatisendatomed hooud ait e rsunof'
areas of 15 km?2 and smaller. It can alsbuliethusre dvfieth lcirgemapeg$ion
The formula for runoffis: D

Q =i&/360 -
where=Peak runoff ratein m3/sdue itmveaia o&timitmresityarea A; O
C= catchment runoff coefficient, a digsetthsionlless number, T&
i=Rainfall intensity(mm/h) Q_)
A= Area (ha) of the land draining to atkerpoorft wmteeréstheqpérgd.

The three asimeadtsACGre discussed in more detail below. o)

The catchmentrunoff coefficient ®
The runoff coefficient is the fractiommofstbarfacrefauntdhfdtamel thus has
of between 0 and 1. It is influendaddgythleessldpyg pcef, ttthee degree an
vegetation and the extent to which theed IBpddéasldeEmentoven the |
mentioned regard, the size of stands playRuaoffigoofetfantembde fc
rural/predevelopment conditions appeaafincTearbtle bod ,uwbalre areas ap|
Table 5-3.
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Table 5-1: Runoff Coefficient for RWAraelaBreaie-<O0@ menAnnual Rainfall)

Cs Slope Cp Soils/Permea Vegetation Cv
Flat (Les Sandy
thanl %) 0.03 1y gravel 0.04 | Dense 0.04
Undulatirn
(1 % -5% 0.08 Sandy cl 0.08 Farmland 0.11
Hilly 0.16 | Clay and 0.16 | Grasslan 0.21
(5 % - 8 % ' y : :
Steep (M
than 8 %) 0.26 | Shallow 0.26 No veget 0.28
Runoff coefficientCt= Cs+ Cp+ Cv

The return period also has an impoftandreéfretatgen abethreindegree of grol
saturation tends to vary with it. Hdpcetithiess @Qeceedbicyetmt by multiplyin
a reduction factor Ft, obtained from Table 5-2.

Table 5-2: Reduction Factors (Ft) for Ct

Return period (years) 2 5 10 20 50| 100

Ffor steep and impermeable 0.79 0.8/ 0.8/ 0.9 0.9} 1.0/

Ffor flat and permeable catcl 0.5 0.5 0.6( 0.6 0.8| 1.0]|

The reduction factors should be adpfsthd dédigmastorestiotnthe topograrg
andpermeability of the area under design.

Because of the fairly large coveragesisfowrae amly mbatn nermeesss,aryy to redu
the value of Cu in terms of the retadjupéemiont c&moweverade if considel
necessary on the terms indicated in Table 5-2.

Where the catchment area compriseslamareisbam owed gtlyfreed cdu value sho|
be used.
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Table5-3: Runoff Coefficient forUrban Areas

Land us Slope Soil/Permea Res!dentlal Cu
Sizes (m?
10 000 0.30
Sandy 2 000 0.50
500 0.75
Flat
10 000 0.35
Heavy 2 000 0.60
, _ 500 0.80
Residenti
10 000 0.35
Sandy/gravel 2 000 0.55
500 0.80
Steep
10 000 0.40
Heavy 2000 0.65
500 0.85 @)
>
Sandy Lawns, sp 0.10
fields, pa Q
Flat
H Lawns, sp 0. 15 ©
Recreatio eavy fields, pa : —
Sandy, grave Parks 0.20 @
Steep —
Heavy Parks 0.30
. . o1
Light indu 0.65
Industry Flat Sandy or hea -
Heavy indu 0.80
Central Bus 0.90 (,_,,.)
Business | Flat or ste¢ Sandy or hea District ' o
Suburban 0.70 —
Streets Flat or steq¢ Sandy or hea General 0.90 3
The rainfall intensity (i) Q

The rainfall iintiesnaifynction of the return peribhleadastihe rcdinatiogdm o f

With regard to the return perioedsiipe shoemsvtayriefsawdth the retuEn pe
is, increases as the return period becomes longer.

Regarding the duration of design rainsdbtime thme iid svetutla eqquig fo
whole catchment area to contributeina ofemreiamodfean ethte pn other*wor
time it takes for water from the fehmest @aoerat o tbacbhathe poirgl’ w h
peak runoff rate is to be determinteche Toficdactermatiame(Tc). Tg'is (0
in more detail below. Q

The intensity oi) iaionbaldited from Intensity-Duratiownidrerk Qyeth@@cha
Meteorological Department. Such chartys aved ya ae raols® thet adway® aVv:
for the site in question. In suchueaskerivdadrprolmtetdavad for areas c
the design areamaybe used, amended bassgdi ommsjwdige froecratl aadidésds

It may also be noted that it is diffiraihfadl detenmiityeotthetorms of les
minutes. In road and street drainagedbktingldnoenod staomhf of l[ess th
minutes is normally not large and muclrdfethia ¥idlumge od ettseabaterco!
Hence, the intensityassumesa minimumisudem.duration of 15
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The time of concentration (Tc)

The rainfall ipteissatyfunction of the duration of a efotle asridrothasduratic
arrived atbased onthe time of concemtratcone(ltcatidneisithe length of t
it takes for a drop of water to moeectrtwhntéet poricma ddrthest away from
inlet or culvert being designed. Thie oedahméehttatlkea eéntcontributing to
flood. Setting the time of concendnabifohhenstdhre dguatli will give the max
flow rate.

Time of concentration, Tc (in secdndig)inigs thalclilsatttendcbyfrom the furth
extremity of the catchment area (lme) Hgpwhl@en¥v®)ocity of

Tc = Length of longest flow path (@)/Velocity of flow (m/

The velocity of flow is influencedabghthentslaped thfethegetation and can
estimated from graphs such as Figure 5-2.

3

[ | e |

i Paved area sheet flow and shallow gutter flow

| | [~

25 | Grassed waterway | 45-)" =
! _—,"_"__\" . — T
N ; - M

' Nearly bare ground
2 = Lt '
' Short grass pasture ' :
R— —
T ¥ janst
I Ellow or minimeim tillage s T e

L 3 B =

> =
"

Velocity m/s

\
\
\

7
7

o
-

7
0.5 L2

—

[
V.d | e
J 7 AP 1

[.
f S | : —
D r., hl — — g : s 2 e
f g — : 1 Forest with ground “litter” §4
0 ™

1
1] 5 10 15
Watercourse slope %

Source. FHWA. Hydraulic Engineering Circular No. 19. (1984).

Figure 5-2: Velocity of flow for various surfaces

In urban areas,the effect of flow ihastneédsamd bBrirpigtescdéverts mustalso
consideredin determining Tc. Genetaslyntuadadumd, abstavcerland flow w
be at right angles to contours dowanha the maloregttiséreerneet to the catct
or structure involved. Thus, Tcewihhese aaheoswmndfahion for overland flo
forside-channel flow.

Where new intake points occur alowmigethetos mashaterwliimeake points are k
inlets or other pipes joining theoswywstetmatibe simeuch oints are differer
thus peak flows from different areas imastsetbadclymmendimtidl snmtultaneous
The design flow at such a point isytlsemedfming dbeeameasdcmntributing to f
at the point in question and thereusfirgnbenltoagi®nt ftiom the various are
calculate the intensity and hence the &acstahemutnofiftdHdwreviemes of
concentration of less thanl5 minutes Ti¢ bse reeto mtme mdadmiiat of 15 minut
for street drainage design purposes.
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With Tc determined, the next step iscitotedkporimimainfialbssiah the he
Depth-Duration-Frequency diagrams Bliehpasninré&Higfale iS-8hen conve
intensity by dividing the point raimdeanhltheytitre Ttcmeitdhf Tac expressed as
fraction of an hour, i.e.fora Tc of 15 minutesuse 0.25 h.

Forinland conditions; a 2-year retnunlpeaiatiabindf n6®@&nmam,

Figure 5-3 yields a point rainfall difviRedniny Whi¢@.2h)engives an inte
48 mm per hour.

hig7e s 4 . LORT 6 5 4 3 . LORT RS d . 5 y 45 n T A ] § 4 % s TREL : y 4 S 678,
W 1

|
Return Period (years) Region

I o 1
Storm duration (hours)

Storm rainfad (mm)

uleilqg Jalemwlols g l1aldeyd

Source: The South African National Roan@agAgdanoya3OC Limited| DQRI
Figure 5-3: Depth-Duration- Frequency diagram «
. D
5.4.2 Flow in Streets

A dichotomy

When considering flow in streets, twbs opysdsbreg cremguidemee . [ In the
instance, from an economic point ofevveewashé estirresdéteilement of the d
system and should accommodate as much fpopwe acsu pvees s sb den d od B@IMES .0
the other hand,water accumulating omislke miald cnerate $reaf @ptyyssing v

Ministry of Housing and Infrastructure de\edopho@pmient A



Chapter 5 Stormwater Drainage

Part B Geometric Design: Urban Roads

blinding drivers whilst water on theinrgathemrbiakichdgo Grloislsing a stream
water flowing through an intersectiorng caand bckawvgeyousn&mpliashing will a
cause a massive nuisance to pedestriaestiomesrtiEolarllyeset iebesons,

stormwater inlets are normally posisiadredfontersectsénsamgquaplaningis
normally a problem on low volume stmeetsnlgsbetiempeEseammmssue at speec
higher than 80 km/h.

The approach adopted requires thatedusinlgemiwmo rmstiormuections of a str
namely serving movement and managinlgesito raow éltiet.slhtdslfluntter accept
that during major storms the movemearréipnedicamdvihlabewinhhin limits, the
streets will act asstormwaterchannels.

Permissible encroachmenton streeifsf by stormwater run
The permissible encroachment of runoffdlomajice sttorfros miswiloowan in Table
5-4and Table5-5respectively.

In practice, the designer should donohestoersiganflothtdhre check whether 1
drainage provided would be sufficiemajor sscoommadaiee bhieng the design
providing such additional drainage cagdoityhes megprbetoemui

Table 5-4: Permissible encroachmdk ot ofo dtldes major floo

Street Classification Maximum encroachmer

Flow should not exceed a de

Class 4 streets also acting ¢
the crown

Table 5-5: Permissible encroachmde minorfoaldes minor floo

Street Classification Maximumencroachmen

No kerb overtopping. Flow g

Class 4 at least30 % ofwidth ofroad

No kerb overtopping. Depth

Class 5 exceed 10 mm at crown/cent

Meeting encroachment requirements

Inlets are normally positioned adjacentn upsitmeawmthef timtereeenitowater
rushing across an intersection, as well asefuetdqeireaegsireeanmambrayand
spacing of any additional inlets fuetteemumpesdmeaimIwiblylibael encroachmen
requirements and speed of flow, but othainfagtofsaguweraisctiecdirves an
local low spots would also play a rolenMeedqingenhends croradhemeased by
requiringa minimum longitudinal gradientof 0.67 % (1:150)

It is immaterial from a drainage rpohet cofo vseswo prehceftiseéreets with cross
with or against the slope of the laethémtvodwn @ fowvlreatogpping of the kerbi
From an earthworks and economic poiwdghodutaagwgaoeds dote pseperties, it
preferable for the cross fall to follow the natural slope.

Velocity of flow at the street edge

The maximum road gradient should lyeosufdbwhat thhreesvredecetdge does no
exceed 3 m/s. High velocity flowsiogrtheheadskuocfatdma@and bypassing i
Should the velocity exceed this vallde bdnietrepaeihgorsiodber measure
incorporated in the design to dissipate energy.
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The velocity of flow can beestimatread Wi2anldeblyeugiofRhguManning fo
V =0(% %B§/n.

Where: V = cross sectional average flow speedin m/s;
n= Manning coefficient of roughness (oKetthesiaradéroaf);0.017 fo

R =hydraulic radius(m)computed byrbivsdsegtiba blathreelength
wetted perimeter;

S = slope of the channelexpressedra88 &@npumber, i.e. 0.03 f
The volume of flow follows from:

Q =V x A.
Wher®= volume in m3/s;

A=cross section of flow channel in m2.

Unsurfaced roads
Itis particularly important indtloe caserbédcerdaveldds that the volume a
of flowdonot lead to scour. Thistiseageomtatmce anlde pavement de§dgn
mustwork closely together and adapttdhsudraheampeadebuilding matsrial
Runoff from unsurfaced roads witllsednliaigh djownaimdcagilverts can gvent
the system. Such blockages ereddrifigutiietsycdeam, ineffective. e

~—t
5.4.3 Components of theUrban Drainage System D
Stormwater is drained by kdarilsshardialgaimtelsnlets, connecitpesd to=tinde
culvertsandultimately dischargimg ontothatufawspeghs. Alternatively,
can also be drained into a syslffélhirog opee fiudrcadios ouf undergroun%‘npip

Kerb inlets
The predominant inlet type is the lerh sidetqralatekalomhet. Many dif;
typical designs of kerb inlets are dn woeldypendnaoipaiptiteom firgy pri
Aspects to consider are:

Hydraulic performance

Accessibility for cleaning

Safety for pedestrians and vehicle users
Cost

9leMu

The capacity of kerb inlets is substantilal$yonnofeaserdnxsytitie SBCtic
opening the side of the inlet on the upstream side. o

A furtherlogisticalconsideratiets regraceing &kdimitndn their length= Th
length of a kerb inlet should tret e fceretd dimld nthi®rs of the stand o@pos;|

For a normal 2.0% to 3.0% camgtdrbdrkesbfanletbe deanbe determined by

L =2.0/9@/€f)/ 1.25. (g
Wheré&= length of kerb inlet in metres; 9]

Q= runoff in m3/s;
Cf is a factor=elg0a23®2 0.001498 xG + 0.00006 x G?2;

G= gradient of street expressed as a percentage.
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The kerb inlet should be
open upstream face in a
normal road edge opening
preceded by an inlet taper
as shown|RpPE fAroX

Kerb inlets are to have t
as the street and must
upstream of intersection
downstream side of the
with the start of the int}
mouth. Irrespective of thel
involved, kerb inlets must |
all low points in streets.
be depressed to facilitate
into the inlet, but the hei
opening shall not permit a

Figure 5-4: Kerb inlet

Inlets could be sited directly ovecuheemain Ish&kemdwateélme main culvert by
sectionsofthedischarge pipe, connerdtangatmahlkeomeain culv

Grid inlets

Grid inlets are drop-down inlets pdhsinimeledvibhtberdedwi sers protected |
iron grid over the opening. They acengdanecalbyuteasiféertérom inefficien
during high velocity flows and pamtiftwilgrtyowlgend ,mardlyhey do clog easil

For subcritical flow the capacitpyftlggifioimels:is given

Q =C xF xA/ 2°g H (nis)

where:
C = inletcoefficient (0.6 for sharpgasyd 0.8 for rounded ed

F = blockage factor (normally 0.5)
A = effective cross-sectional plam)area of the opening (m
H = Total energy head above grid (m)

Grid inlets should not be conside feawwdhereisugpes orétickli.e. Froude num
above 1. (See note on Froude numbédienajthe end of the sec

Manholes

In addition to positioning manholedattdtilse hatgecppptesodith the main culy
intermediate manholes should be space®nhocideditatewitheandnegmeter of |
than 900 mm, the spacing between marmradlers ofBluidt® & OOf mhe On larger
diameter pipes, the spacing can incrdasddbes29ho uddl 20sm.be provided -

Changes in direction of 15°0or more
Changes in size of pipes

All junctions between pipes

Slope reductions.

Rendering, i.e. shaping of the floorlseo l owaenhlvdéfs toomatcdctions of adja
pipeworkin orderto achieve lamindbdtoig, psefetreeddgbyresome authorities
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Pipe culverts

Manufacturers recommendations shouldebagfolipesdfowhewl verds.
distinction is normally drawn betwewemnimigesnder sudeewdatks and pip
culvertsrunning under or crossing the roadway.

From a maintenance perspective, the tmirmiencmnpigdereéihime6®0 mm for
systems. In the case of open drainasmetemsat heemindinosmings is 90

Routing of pipe culverts through stawedis shewxlok pnbynalk catlboumstances

Open drains
Open drains could be lined or unlemedturepe®hdilng ionsihu soils ar
neighbourhoodthey are passing through.

The decision between pipe culvertstobe pakedraitnshies level off urban
as the provision of open drains wiélr geneetligseageisre Wwidthis decis
value of the land of stands lost tomfwédévesteeatscrossiagsstreets, min
to facilitate access to stands and othewmaieltamnead @e pschatg | & ulceh vasig |
against the additional costs of pipeenalwexts and their maint

A common problem with open drains istihédickd bye, p ena srai e aQ al
pleasing, particularly if they are fhillenfovitthn gterllyagétewhiappensd in
areas and which blocks the system with the first rains. QD

Open drains can take the form of asildegehéwided) ap ei@lluamhtd t el E..
Cross SecFiiguse 6-14, or a separate channel hehiatethen Fiawal@®-45 .
In the latter case, an unlined chamlredecndatdobepa afsesbina pipe ctlver
to be constructed later. O

Froude numbers
In open channel flow a Froude numdretricafl 1,Silowermféadw is re¢Qgni
subcritical and faster flow as supercritfFaalisThoaufrdofuden ntambermmula

o

Frz = Q2B/gA:3 —
where: 3
Q = flow rate (m3/s) E

A = cross-sectional area of the flow (m?2) Q

B = width of the water surface (m) —

D

-

5.4.4 Cross Culvertsand Pipe CulvertDrains
Where streets drain into parallel russniowl vepées areainsqucred atgver

street encountered. The design of shah clulwewvesris akosstog rur ro
-

Q
With regard to pipe culvert drairmpse mrecsefatc twrease heaype undertaken i
studies of the characteristics of theevielppediudesigmdchhavesdhat Tan |
with confidence. Hence, the design rodtpdpaltwiwtdrtsergialso

hence,is not dealt with herein.

5.4.5 lllustrations of Typical Drainage Structures @
Drainage structures take various shapgessedapdnfdimgtiom thfetp@ struc
A few photographs follow below, togetluertnatihgsvareonstekrainage fun
other than the kerb inlets distypseal ®Oadhangdteompany this Manu
provide further information on manhxles and junction boxe
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It may be noted that the
ilflustrated in Figure 5-5 s
rural and vehicle only r TEd
suitable for mixed-used ro g .
as being very pedestri®¥g

However, with suitable ad
principle of a stone-pitchdg
be putto use in street des

Figure 5-6 shows a linedgy
adjacent to a higher-orderyg L
A pedestrian sidewalk has
the same levelasthe road.
protected against traffic
running into the drain, b
protrusions, but there is n
pedestrians against falling
With stormwater from the

unimpeded across the /
sidewalk will be difficult t@Ess===" . =

e
rainy weather and virtu
function. Figure 5-6:Lined openchannel

Figure 5-7shows a cycle pug
of a local stream <cons
minimum disruption of
environment.

Figure 5-7:Cycle pathway cross
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Appendix A: Worked Example

Objective
The worked example sets out to dat&embnienltdterleequgtiedoto drain a re
street block and adjacent downstream street.

Scenario

The street has a cambered cross sectaody sthise.siTehheadmpeilopsnent it
place at an inland situation with aome@wA®@)noftl6POemipitabitand size
the order of 500 m2.

Considerations and situation assessment
Being a residential development dlle siggtued periicd1t@ lyears

Input parameters obtained from a topageapdhwaaltago wthpian aofcatchr
area of 2 ha, determined by planimetmpatic@altréampultartimatand summé
This includes the half width of the street.

Inspection of the topographical magsthdiowtepatihtd the pooygisional p
of the kerb inletwill comprise 50 m bfoskean df 100 omeoftbhannel(C¥low
the v-drain formed by a semi mountadvlef&keeb Modobkstacbtas areenvi
along the flow path. Q

The difference in height between ahle anarthef ploenflowhere it interse
kerb lineis2.0 m. Hence, the sloptooviesr 4he (loprd=s2.0 x 100/%(')).
along the street, determined in a similar manner is 3.0 %

Time of concentration (Tc)

—
Computation ol
Inspecting Figure 5.2, the follotwrmg need ofoirtiehsisasétdation: (0p)

~+
Sheet flow along the open ground fro/rs ¢nelordyg bare %Hroond)o
Channel flow along the v-drain or guft.er rhds (s Is&doev od u3 t&~flow
Time of concentration, Tc, for thisnAkdttalDOn m A0 Onmd s6 = 183 sel

or 3.0 minutes. s
This is far shorter than the recommeadeennriatin o notibeeusfed of P5 m
hence use a Tc of 15 minutes i.e. 0.25 hour. g

—

Rainfall intensity (i)
With the help of Depth-Duration-Frequentystriatgerdamrs B ugclhr e 5§for

rainfall, determine the point rainfallgsfeHownngnthtee afigouwe. In_this
the point rainfall (Pt) is 12 mm. Q
The rainfall intensity is then foutndabryfallilvidy ntdp e htempeo ionf concengr.atin
Intensity (i) = Pt/Tc = 12/0.25 = 48 mm/h. QL
«

Runoff coefficient (C) I
Visiting Table 5.3, bearing in mind sdasidpsigzecsf, tha&ndydeoibsf @an%, in
the site is relatively flat, the resultéd,t C-value is found as O
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Peak flow
The peakflow can now be found apply¥nGity8aOasie/dormula Q

Q =0.75 x 48 x 2/360
= 0.2 m3/s or 200! /s.
Kerb inlet length
Determining the kerb inlet lengthefdbllomsldromwensienagrilier in Section 5.4.
L =2.0/9@/gf) / 1.25 m
wheré= length of kerb inlet in metres;
Q= runoff in m3/s;
Cf012362 0.001498 x G + 0.00006 x Gz;
G= gradient of street expressed as a percentage.
Calculating Cf first, it is found as
Cf 0.012362 0.001498 x 3 + 0.00006 x32
Cf 0.00841
Hence L = 2@(7.%70x00841 / 1.25
L =8.11 m to which must be addegstirtea@2mOtnmadengahadflength.

This is evidently too large a struldt bree @ords ideered ittosphroowide an intermec
inlet higher up the street, halvimgdteteldvarnd breuacthie® length of the stru

Checking depth of flow
Checking for depth of flow in therstragpieiynatsomple fi

Dividethe volume of runoff (Qbbginkee ¥edociRygQve 5-1,to determi
thecross-sectional area of flow (Ar)

In this instance the flow area require@.ZAlr)Owo 0l.2 ez Q/

Determined the flow depth using shree ptagteomlatrsyof the

A 6 m wide street with a 2 % canalbée weldrysatlde dniaarvguilar area (A
between crown and kerb of approximately:

Aa = 3.0x 0.06 /2 = 0.09 m?2
This indicates that the street crowntwisl instanesopped

The far side triangle yields a furthear@®aOfvarkadrd ithenawt&®l.18 m2,
nearly meeting the required 0.2 m?2

Further geometric calculation showsrthapithdsof etdarsctbenowe uld
be only by approximately 3 mm andftkhatbhnmgoweutlappdkhg place.

Further refinement can be undertakerg fedlwating gieeMamniSection 5.4.
should there be a need.

In conclusion of this worked example,thatmthss bamegrhe ltaadtudation is ain
at assisting designers to understandthe bgric ddywestsuatidom inkege hceadsi s
hypothetical and bears no relation ito cahrap becrt,uencdedigg.thehworked exan
provides an approach to and informatiloh boen nnédedddtdothatrevwtudrainage
design and does not purport to be agmanAppropdraieagaendass are availa
and should be consulted and used by the designer.
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6.1 Introduction

6.1.1 Background

The multiple functions of a streetcfiogs exgpaeionimindimsigpe. In the first
the cross section of a streetshould accommedatefadllthts uwsevemdimnt s
includethe movementneeds of the vartibat ccdaslse £ ogeeteidlen the str
the context of its functional classificlkitignneasisvell the sdevephicles.
includes the movementneeds of pedesasiansll tho gdé sab leyk lasnts vulne
people.

In addition to the above,there aresithenss dimImreeddin fofrmally. Street
as playgrounds for children where the shasmdsuape sto.0 Veamaldrégrabut
traders, light industrial activity and windew s8orpre spalse. mak

The street cross sectionshould alsogeamowi cckes sptaeetioghusilotiyainage, rc
furniture, and landscaping.

There is little calculation involveod iohdhee defveheparess section and
generally based on policy decisionrdrsg gpdogterd eyt ceuinrg nrge éhe urban
and town planning aspects of the develsigmen@apkdnhingnahdedation
functional classificationand context-estnnbetivemideit@nsitmetetrmpsinciple
dictate the selection of the elemesss sreeqtudomed in the c¢ @)
0

6.1.2 Purpose and Scope
The purpose ofthischapter isto coecstirdien thfe nleiedsgneqtspned ab8"vea
discuss and putforward proposalsreIamdormIHedemeiussimrmrsisegg en

Sidewalks and verges for the classes of streets in questio
Kerbing and channels
Cut and fill slopes

that these needs are met. g
These elements include: s
Basic traffic lanes (@))

Bus bays
Cyclelanes O
Parking =
wn
(0p)
()]

Drainage remains an important considiendeiomtdedtieaeives partcD
O

The issue of utility services aeéttbeossodecitiothésstlso covered,~ncl
lighting as well as roadside amenitiesyidedaats Gf which are pr 5

Thischapter concludes with a sgitelk cacbslseselkeionstgnd some disOuss

6.2 MainComponents

The two main components of a street arairidengsuah cklemeirctssanThe v
elementscomprisein main terms the ttawelbente yagneommadloh directio
or without formal parking strips, agdthbesivikagasksinohkedion each sid
street. Figure 6-1 illustrates the esorehe lotadeansesltr@eedt cross secti
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—

Road reserve

Roadway or
Travelled
Way carmageway

WVerge Verge
Median B
I |
Cuter Median Inner Ouer Oty
shoulder Island lane lans shoulder

Jha A

Irnes shaulder

—=

ﬂhmqh. -J_-/ \ Shoulder breakpoint /

Inner shoulder

Sireet Reserve
=2 Carrageway
Verge Travelled Way
Sidewalk
Karb

Figure 6-1: Nomenclature used for ro@e(lalbvgweapas dsetcEieon

The underground services comprissotinewattiéiticdsaiannadyeheshould pipe cul
drains be elected asthe drainage swattem.abdilseiwsrreéeircudation, as wel
any underground cabling for telenmehtoane aatnanelectricity

A third component, a
the road or street
comprising road signs,
stops, street lighting, €
the picture. Bus layby
normally provided on (
in view of the light tra
this street class, wit™®
stopping in the traff
embarking and disk
passengers, as illuls
Figure 6-2. However,
instances the volume nrf nacecannare

may warrant provision Figure 6-2: Typical bus stop on

Should bus bays be required to prelierdt busfdbg thei lduidmmce of their lay
and design isChiavetrerinL0O Roadside Furniture

The various components of a street ssyyesdeim ahe bolloflw ndjissceuctions, whi
should be read with reference tootrhal tyketal ecsrdb a3 s®gpieac ih0
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6.3 Nominal Street Reserve Widths

Typically, nominal street reserve wickthofferitretedslo@eéassrdd and Cle
incorporating underground stormwatey Hdedwesgeldymtamd 1vam, with t
latter used for Class 4 collector streetsallltcwoavetrestioallslotbherece as
route, a slightly wider reserve isoprafgerettutroipigovadiei f roadside furn
A width of20 mis thus indicated feo selheintprastbestsaltes. The optin
forlower-order mixed-use streets (Clasorerappé8rmtorhesef dhrmensi
relate to relatively flat and lighelyrainlimightetesziperOslotpes, the wid
have to be increased to accommodadkogpige.-cut and side-fill

For open-drainstormwater systems an extrad totbh% e sdiowe d sh e nad d

Generally, street reserve widths are baGee-waywdreats taadficat fave
for lower-order streets as they are itlsamt® fleradeta dreigts sgnededs. H
they may offer a solution in retrofit¢ense safuwedignsarkow 9 mto 11 m r
a single trafficked lane can also beocoagudareldynytsciou plralert to all
passing opportunities. Short crescentto alse-\wayd othem siolve suithout
need for passing bays, if very clearly signposted.

6.4 Camber,Crossfall and Superelevation

Camber and crossfall are provided to fagyiltiheteadrlaén aiges. ianhm@ng
2.0% to 3.0% with 2.0 % the most cotrsm&mbarr facrd d cetd esstre eshosld h
minimumcamber of 2.5 %. Where thedaatgotrudliomad goathieminimu® of
a camber of 3.0% is indicated for both sadfatredtas well as unswfac

~+
Crossfallcomprises a single slope frkmrkebbihg khegtheththaomehe @the
use of crossfall is indicated for the nataveveordtadwteps, dodfaca+nag

Superelevation is intended to offsstofheratengridngealvédicle negoOratir
at speed. At the relatively low desibpa bpweedor riceicateedfarse street
is little need for superelevatiofoalcogleutrorress alesxoceptving as bus rot
latter case reverse camber should surffiobeaweif\oipledsmm@lrerlaen/aauaéove
distance of 40 metres, half before and half inside the curve ;
On very narrow street reserves, e.gcatmbeoed 19trmetideosa secthon
indicated. Generally, a2 % crossfall reglprolaxc hhmag oiecuonsstialred® s, s
restrictions will preclude the prbsviid;éotrhfwddalhnagehceutravelledway
culverts will have to be installawde helmtwsthecstireet p o

In such cases, as an alternative to kerdbecnien dtapringeinwaacdssfOwar
central low line could also be coresatiereedlaTMscwofiglurcation wiTh th
surfaced area serving as adrainage area. tdhisoapmeoraolwis tappds @b
would not require stormwater inlets.m@y remggéresgreedtinlets to agcom
the commensurate largerstormwater finkhess areweergr pasngrid blockac
approach should be adopted with great caution.

6.5 Lanes

6.5.1 Traffic lanes

The selection of lane width is primapi¢y amals ¢rdafdfnc vefhéelle. The wide:
width normally used in road desigonal 37 safesynbeopéitstaccrue fror
lanes. However, lanes of such widthvahacdenombensurea¢éeswanld not ap|
to the lower class of urban streets.
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The narrowest lane widths normallyhichnproerddsido3d.@ myswat 2.6 m or a
at 2.5 m width and a nominal 200/2b®drmme.le Boanevveonomitresidential str
trucks would generally be restrictedlés ,wamsdeatemgovmlomehdirection and |
in such instances,lane widths couldtbéhrsdscrattoeQohmebded as a nori

Intermediate conditions of vehicle tgpeatetly spetededahobebywd lane widtr
between 3.1 m and 3.5 m.

On streets where there is a low demdghas$orha@hl®utarapeass00 m of str
per day), a single traffic lane of 3.0npilotwed,3witltopddsbregeopportunitie
created at regular intervals. The spasdiagldfnoucdxgaedi g mayesnd each b
should be visiblefrom the next one.

High occupancy bus lanes are notweonopdeibbsf midhetheno facilities and h
not considered.

6.5.2 Parking lanes or strips

On-street parking in parking lanes iennGtass |4 aot Wlawsisiesd streets as p
can be accommodated on the vergesowHewemeas iandeiny th&rvicinity of ce
land uses, such as local shops, and toéipiros,ide marly suecimndaeslsairys. The n
for parking space may also be metebtywmeppaawnisigp,n oifn stthall parking |
dispersed through the area, reducidey ahe arged pfork iknggrbsBufficient par
space is neededto avoid illegal parking and blockage of traffic

Parkinglanes are normally 2.5 m wideqfwit® m.mimidnuidwaldtgarking bays
6.0 m long and an additional cleaalspgpoaewtdddsbmtwseanrpairs of parking
to facilitate parking manoeuvres. In niarlow sitrepdceseavedshehutilised f
the planting of single trees orsmallshrubs.

Should heavy peak hour tidal traffic flaiwelxdi@xpercteidddhe-careler mixed
pedestrian and vehicle streets (Class )4 aHsopackimg dsneusamobte used as
additional traffic lane during peak houatedopurikeidgwittstiimcdions. In suc
case the parking lane width should beoinz.f&@msed toaminimum

6.5.3 Cycle lanes
Should there be significant cycl
of 100 cyclists per peak hour,
promote cycling as a mode of tr
can be added outside the lan
motorised vehicles. Such lane
wide and clearly demarcated fo
use of wider cycle lanes should
as motorists will tend to use th
traffic lane. Cycle lanes should
the travelled way with no disti
for ease of construction and to
with maintenance, drainage and Figure 6-3: Cycle Lane o

6.5.4 Auxiliary lanes

Auxiliary lanes do not normally form pastiredt Clraossss 4 eaatdoGsaas bhey ar
lanes added to the roadway to assist in taiaflffycaplpWcabdleato shiglhareomde
street and road facilities. Howevermegqukri¢ihay lanersaecdiyphe where lowe
order streets join higher-order stogetsecdddidgiess8d limtarsections
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6.6 Shoulders

Shoulders are the trafficable arieheraglijbec @orftthadrwaadway. Shoulders &
provided on high orderrural anderispacedds hoogreowdown vehicles, fc
action by drivers of run off thf@erraadewseshbolessm@&mdency vehicles. On
Class5 middle and lower order mixeth-ousledersbgnvetmesey to sidewalks e
provided.

6.7 VergesandSidewalks

6.7.1 Purpose and nomenclature
The streetverge is defined as the areddgetwmalenhthstreadmvesyrve boun
This includes the sidewalk.

From aComplete Streetpoint of wieat, giitvesatheppergesity for meeting t
of the various activities encopnutleliedennvirlpenmemanother than traffic m
The first of theseis catering fortp.ed@ntaigoimbwdmemenclature, the
often also referred to as the shreeMaxsidely dahlestedm sidewalkrrefers to
constructed section of the vergeiardisatedhios dedegss the remainder
for use for other purposes anyg as néfeverdgeo sempinder verge, or anc

6.7.2 Sidewalks

Sidewalks are constructed strdvsaparcdbdeacdabethéoroase by pedestQans
preferable, sidewalks need notboeemﬂ\pmcsmwnasjreqwdatherproofam fr
obstructions. Cobblestones airgnbdrssiidatvlallkess pavng uncomfor8ble
for wheelchair users and other disabled persons. ©

~+
Where bus stops are provided, the usddeeds ikd sttheeu bdu < csrtbip strugture
minimum width of sidewalks should aks .fam.beNidquisedeiw actissity
such as shops or other centres. The bwadnle d eqguiakdngan pedestrian
and dividing the volume (in pedestriaimegdrynairfateaprsof 3.0 (pe@est
minute per metre) for comfortable medememansrpley midiutee per metr:¢
rather cramped sidewalk conditions. @)

Sidewalks should be separated from thé ooadimay utyaa lkechm@gBnyi
channel and sloped at a cross slope oWfa®.0 orngiwaddsathye troeaR id e
should follow the grade line of tlsé-sanvdat imsed $uhs, asidewalks &te o
paved on one side of the street.

Figure 6-4 shows a block paved sidewalwheremhegdide lomea ss orf y'éde
activity is experienced during peak hours.

S

6.7.3 Kerbing
It is envisaged that all streetde
surfaced or not. This is to uaail
to demarcate the people space,
ensure a neat,amiable environme

Uol1199

Kerbing may be cast in situ, bf
elements or be hewn from nat
Kerbing along lower-order mixed¢ =
preferably be of the mountable™(ype,

mountable kerbing at intersecti Figure 6-4: Wider than norn

barrier kerbing at bus stops to

disembarking. Precast or cast-in- sntaubllyercmngorsmnoupldtrmecﬂemensu
standar®sABBS 927-1969 Figuinélustrtatdd in Figure 6-5.
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Where any kerbing other than mountad, | eakepbispoislpraolsio be provided
wheelchairs, other disabled persons aindhpuatesh| & &kreribrngna@arseeslometime
offset by a concrete channel of 150 nedgwidohefroen ctdrestametion, but
concrete channel is seldom provideichgvith mountable ker

Mountable kerbing normally comprisste 300ipsnmiwing t0OGocnm over its wil
If cast in situ, suitable expansion johnesvmlsthnbe gxoeeédéndgatl.5 m and |
sections cast alternately. Suitably eHapreadcsinientus eotmehsuctre require
between mountable and barrier or semi-mountable kerbing.

Kerbing hewn from natural rock shouldlekerdach sremhapeuanab could b
used to replace mountable kerbing.

75
_75_ |
i A7 : o' pabl !
= 7 R20 ro g
F " R20
o2 25
=
' 3 i =}
o~ -
ot (T R20
.t By .t ot
180 300 150
Type 7 Type B Type 9
Semi-mountal Mountable | Barrier

Figure 6-5: Dimensional standards of kerbing

Kerb types 7and 9should be providredewhtdhc eimgnasiew ecrgnjoint. Type 8 k
should be provided with an in-situb2éomorehéckaeddsng of

6.7.4 Cut andfill batters (side slopes)

The intention with mixed-usage streredsshoutidabdalad grgpdeferably slightl
below the natural ground level. Thisdisinagessamnhdosenrownding area
for ease of access to adjacent properties.cfTeadedrbgnsdecifficatiural cros
slopesacross section comprising crosdtlableirsipbhadyed.cGmmercauduand fil
earthworks may alsoberequired. In such rceapeiseshfadtosafdoypaadted (V:H)
should be the steepest usedon thferfri¢ldsi@e ,twethc dt Giglree, the cross slope
be steeper, but in both cut and fisls ciase sp nogteircctu éasr vacweled generally be
deciding factor on the slopes tobeused.

In steep areas, shallow retaining warnlarkyeuead wrte therdm5time back of th
kerb, could be used to ease the vakeumatiofeéromewoocksheAdidewalks coul
foregone and the street centre linseacMeet Hovwbeegireitsreshould be a mee
of last resort. The shallow retaining awedipackeddd scomesripairpose
manufactured precast blocks or in-sitwitcenceete 600t mmouh height witho
a design. Obviously, wider streealleseaddorcoultdhaltoovbeplanning to pro
more space for embankment construction.
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|
Travelled Way Sidewalk

— Kerb

Figure 6-6: Easing steepside slopes

6.7.5 Open drainage

Should open drains be elected as a draldagre feyatelmn ,behes@celdoon th
side of the sidewalk, viewed frometbé thoeaadireddgec|ddessith the sidewa
preferably be provided with a near-slopantdf8tyfpomnta pédéstv and
a back-slope of 1:1.5. Drain depthhwoardegeafes@ldymbe, ofith a botton
determined by the volume of flow taviegatite Mmmodaweod.ldPobviously b
expensive but will accommodate aslamgedrfdow cwotshsns elceion.

Should it not be possible to adheeartclope meqtioements, pedestria
barriers should be provided.

Open drains will have to be culvertesks ajtiw&@s}'m:krmﬂ;rsSstﬁetrmw%t)er
Drainage =

6.8 Medians, Outer Separators and Frontage road%

6.8.1 Medians —
The purpose of mediansis to separat@ffdppa)rsdn;gr(svlidamefugerf&? Cr
or right-turning traffic at intersecdioafsugEhkoyr plsdeptpiains and p_r‘ovi(
for the erection of signage and lightimoy.eAsppuicds bme todrigherre orggr st
but may also find their way to Class 4 rams cflaestéirsttewns ,plianhne
objectives as discussed below. O

Medians should preferably be kerbedtiton eaffhpend¢esthiansrdtetcshsuld
provided with suitable kerb breaks twial chbimarbd tiatespespiheell asQvhe
and prams. The minimum width of a &eXb®dnmAdnadismotuHdtbis BB m
would be able to accommodate a rdgigtianrfolraa e ewethtrpan refug®.

Medians are inappropriate in residehdiiarihsibrieerﬁ@mtstuheyng/cmove(ﬁiem
properties and hence detract from the atreess. fHooteéverpimedcdihs n
sometimes be used on lower-order stae@tantbieneatdnawbidle cas®two
per direction are required and approppiaréerygsspacseddbmepdicavidedTor ti
to execute first a U-turn and thenaaiggdft turm.ifhleeminimum Wi@h 0
medians should be of the order of 9 m mobacaomals\@@lrageracalr-,tumr._n’ing
an inner lane to an outer lane.

Medians are generally designed to a stHablowr¥psimdpes aardd doigpi@ec u ly
In the case of very narrow medians (dfbrmgodeaifntlgee medidnbis pave
shaped to drain towards the travelled ways.

6.8.2 Outer separators

The purpose of an outer separator isradfisce planaitreg sitmetthressame dire
but at appreciably different speeds anldemaya Hecahcresidemnadaly acce
service street abuts a higher-order roracdlloWketlhaiteplisteiparadf the
functions.
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6.8.3 Frontage roads

Frontage —roads are road
immediately adjacent to a v
permitting two-way traffic.
volume street could operatg
road.

Frontage roads carry the r
headlights on either of the
night either blinding or misdf
the other facility and must = =
circumspection in town plant Figure6-7: Low volume fron
streets should be well [it Class 2 road
sufficiently far enough apar

happen. The streets could

vertically at different levels.

6.9 Utilities and Drainage

All utilities not directly connectedttandhenoprmdllor accommodated under
verge and sidewalk. Drainage pipedududetrs oare ibestlyoxdjtacent to the |
inlets, forthe inlets also to act as acoesrsaopporfhrities cfolrcmeass sectio
below illustrate an approach to logbhdtingdutidititees rtiltskt of crashes and dar
to each other during maintenance work$,abrdt adhode $asotr plees.eGuidance in
regard should be sought from the kacal authority concern

In the case of very narrow streets, thheaecoanmmdaieioeilitites under th
roadway. This increases the cost of aweHsasfahenaunsaenaprcef adsterrupte
access during maintenance. These factben shexcu td nlge @ rssreéeted ivdths.

6.10 TypicalCross Sections

Typical street cross sections for the daClass Wisthesed6Cdaes slbuatrated be
in a series of figures. Provisionlifdepisbliottshosywoin fthaa figures but st
be made whererequiredCdapaedii@®:t®Roadside Furniture.

The illustrations include streetdlitqhatinbelltanspppetdrbe located on the fa
of the sidewalk and the street lighltyngadepigoets adcorelilgck of the kerl
sometimes encountered, are at risk odudbedhg e®atsidly \wahilcyeaamnd are ofte
nuisance to pedestrians.

Preference is also given to the sideowaltk goueimg wotisthecteadway as a na
strip of land between the two elemredtissetdre sonlminelasidpihg and often bec
anunsightly wasteland.

Some figures also show formal parkingreastteiplse npoindtep lecs ilhwetived, but the
are seldom provided on lower-ordeegeldidgnitnaé sschevetrsge becoming wide
the same dimension as the parkingiddaripr pmarkrichgr, aosproable width of
verge on the far side of the sidewallrkhogilshbaldewetlek. Permitted or
constructed sidewalks.
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The following typical sections areillustrated:

20 m reserve with formal parking and cycle lanes
16 m reserve with formal parking

13 m reserve withformal paring on one side

10m reservewith central drainage

10m reserve with crossfall

Alternative 16 m reserve with side drains
Alternative 13 m reserve with side drains

16 m cross section with open drains.

6.10.1 Class 4 Street in 20 m Reserve with Parking
Figure 6-8illustrates atypical Class 4 atlrewarccesforseygtilenlanes and
parking.

|
¢
|
Eﬂl:llcﬂ
5800 83800 -
|
7000 | 7000 O
1500 2000 1500 3500 | 3500 1500 2000 1500 j
a0 | I ] |2 QD
Parking Cycle | Cycle Parking -c
Landscaping Lane | Lane Lamdscaping
| —
= | . P} X @
K i | :r [ | se=—t» B —
el 2.0% ] 2.0% | 20% ! 2.0% ot
""Hi’-' =2 | { = | i ¥ | =
24, o
& &
Water @ @ Elec Tel
sw P SN ‘
Sewer ﬂ(ﬁlﬁ O
. =S
Figure 6-8:20 mreserve o

The parking strip widths are set atthanmttseigdhelyl imaoraveerto fit @he r
reserve with. Planting ispossible wtinteientieeelrysset pgdpwao@arkin@ bay
not shown in the figure. The remaindeatvérgenissrigthidy imagr rtdn at foU-)owi
rather busy cross section would onlj/ytibapmesriaie.ilmretaawpmbtere:bain,
both parking strips would have tetheeforsgare, widémed.

O
Should formal parking strips not Isecoaddibedadtedr widihe verges_and
parking resorted toas shown inFigure 6-13. @)

A 20 m street reserve is normally addhpfied aa< lsasffidiesntewt seqling
route. Although bus bays are not nordadblytesovtdredyme lbessirable ir
instances toprovide for abuslayby and proxisthatieéy 5cCupymmgragpth. Fr
a consideration of Figure 6-8, it wofut dnm at bues payslsy mlrdtbus shelter,
parking strip and cycle lane also be requwiircear. skme st crte scearvesstaould
adopted. Interrupting the parking stoip wppbdiasstise usinimising tf
reserve width needed.
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6.10.2 Class 4 Street in 16 m Reserve with Parking
Figure 6-9 is a composite figure sktkewangoptibmewitktciynsleahanes, and ir
second instance, formal parking, in a 16 m reserve.

Again, as in the previous cross sectwidihthe aiwnditabrlicasengbly flat terr
and that the parking strips or cycléolrezmgonednlsdtdapertbebreain, or the res
widened for instance to 18 m.

e |
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1500 1500 3500 3500 1500 1500 (‘ﬂ\;‘gf“zg

300 P - [+~3200
;J;f:‘%\ Cycle Lane Cycle Lane
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|
|
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ija_f s‘“_::y; g [
Qﬁig | —L @ : . 20% ﬁJ 20% wk“i'%tﬂ
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water 43 : ol
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Figure 6-9: Alternative cross-semtiesellaweout on a 16

As in the previous instance, it wasitjeantetdtofsrhewkplahtchagrin the figur
the 1.5 m gaps between sets of parkiogtimay, sbirthie psapkissible and sh
be encouraged

6.10.3 Class 5 Street in 13 m Reserev&imligh Parking on On

Figure 6-10shows a typical residentimabtCéadsrésetrnecetwvinhafdB8mal parking
one side of the street. This requinestbhbespesitiosaretdeoff-centre in the r
Should formal parking not be providage, aisfisrmatnpaldikinigecan take plac
the verge behind the sidewalk on.ohlkeesidBenofréeserseres too narrow to p
verge parking on both sides, excegpdnid.one sidewalk is for
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Figure 6-10: 13 mcreserdvr@ain not shown)

e
6.10.4 Class 5 Street in10m ResdrvchedtBDrRamkogey and >
Figure 6-11 illustrates a very naerowtiiCa miwgde reseway lane amd p

one side of the street. This layoutfaremyusres dnédateigbesrsing oppgitun
spacing of laybys is recommended at ravmpso xlimahg by sh® uhd i bee-& m
measured at the kerb side with taper3hef [hyBoon reigherresitlee sttbe et
line to be positioned off-centreagre tilketoeaecertr®Irdonv line. =

Parking could be formal, as shown, erdemfalkmawiltie htimel sbace &r f
parking reallocated to the vergem Alft orme-tweey/l ystreesysteould be conte
retaining some laybys for overtakinrggptmrqnssneas:,irbgntdna:ppacsi(imae-sly
As previously, forgoing one sidewatkeistamodherpapkiog, stpace.
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Figure6-11:10 mreserve with central drainage
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6.10.5 Class 5 Street in 10 m Resd&wveswfidhl Parking and
Figure 6-12 shows a similar cross sectkogutre thel Ioonexsle@wrfoima more
conventional crossfall and kerb inlet drainage approach.

-
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--:.)I - &
W -|[ ‘.'f-,-)}{ 1
2.0 2.0%,
1000 .
D e s o $ 9
o Tel
s BOO0 |400

Figure 6-12:10 mreserve with crossfall

6.10.6 Class 4 Street in 16 m Reserve with Side Drain

Figure 6-12 illustrates a possible aé¢terordice nvemrtoacal tetbing as stre
delineator, comprising a shallow sideuddabre.ifllte nxidestedoa mig hcgrouted
stone-pitching. Drainage could conmpraseigeic wlvepgtishesttem. Parking cou
informal as shown, or formal.

b e
|
£
1edoa
12!!["3
odo N
1500 | 600 | 80D aano I 2300 BDGI 800 1500
|
. I
L,
A | o,
| 20 | 20% H -
14 1:8 18 14 n
";:’er stne g I
| 1000 | 1000 r Eﬂ%‘“.e_g

Figure 6-13:16 mreserve with skeéebdngins in lieu of

6.10.7 Class 5 Street in 13 m Reserve with Side Drain

The illustration inFigure 6-14is simeil&+r1lB8a execepe foFigl3 mreserve. A s
withitscentre line aligned witlhs¢heeceanstridl o$trladere resultsin verynarro\
widths, not lending themselves to indoimaltiparkingetPos$fitcentre as it
Figure 6-10 would permit parking enh. @mevsddregoformeaktrarking would als
possible inthe lattercase.

Ministry of Housing and Infrastructure dk\Dedophopmient Adeoncy



Part B Geometric Design: Urban Roads

t — |
13&::0
T
11400
8000
1500 | BOD | 600 3000 3000 go0|_sog 1500
|
d | :
o - i a
" . | 3 ;'-:.'
o BB, I ,{”‘f
. i X i 3
3 g;\,&._ | x5 e
4 E‘M i L- | F a’ ,IJ‘L:;" ’.‘_
ol | S
& 14 18 18 14
& % i
Woter Sewer lec el |
000 1000 i

Figure6-14:13 mreserve with skeéebdngins in lieu of

6.10.8 Open Drainage

Pedestrian and vehicle-safe open do#&imadga grpstredn pjipiadlisywustems, re
appreciably wider street reserves, @slbllulshratiesd eiquiibputeue irrespe
using kerbing or side drains as streetdelineators.
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Figure 6-15: Effect of open drairagequnretreetsreseryv @
o

Usinganopen drainage systeminstead of a pdpxlddraiguwige s bd neHait on
small mitred causeways in the sidewalkskémbthel@teswoahd \mbemglly |
constructedto drain water from the doaidwsay into the open S

6.10.9 Summary

The few typical cross sections illustraztiedrayndndliixau e stehdhta bloerreg is nc
right answer to cross section selevtiniopusndpttiangshsere alternatives a
to the town planner and geometriardesggsere ettc ccapasewhile still mee
demands of functionality and econoimyroMscindic atethis ptdret of [the Me
careful consideration of functional classifitiavodesigh dantekRins of
complete streetapproach, will detérniméneléee sed eretjonred in across s
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7.1 Introduction

7.1.1 Background

The basic elements of geometric desagigramenthéhkoviezdinctall alignme
the cross section. The standards toshbgen chleseennttoratbedepeadent o
criteria for the design controls sudhdastareségnrapfdedyvodughe and |
service.

The horizontal alignment is the cotamiganish aridstrarigdss gresented
view. Curves are usually circular,rbais apérabaratimi¢ioealpdoyed to e
passenger comfort and geometric aeigthmeittsis The ventbiahtabn of v«
curves, generally parabolic, and thi@mssrpdghngtamgmnt) sec

Alignment design refers to the intaymoati@amdthe nvieotntal profile of the
or street, bringing together in thameddmensdibenviehvespof a roadway in
that is familiar to a driver of a vehicle.

The design of the road alighment isngomlcerpadamketterselefcthe geon
features of the road or street so that foetalpleowaine affsafentcmm®mans
transporting people and goods. Hosteeets,faresognnedldioreaccess rat|
mobility, speed is not the main concern.

A good design avoids catching a drivreg aHaWGasbgrbycdnte@Irsat\ivrc\hlee |
mindful ofthe road or street functiengfabl mhoev e enpunir e éwmork, as I
drainage. =)

Q
7.1.2 Purpose and Scope ©
The purpose of this chapter is to discukzsonhhal agrpdiwatitdoadf adBgnm
principles to form, together with ch),sIS)-we\cdlumaalsetremtesntthatWilmnee
expectations of safe, correctly functionsimg &hred anbiarb lla red s meeme .

To this end,the chapter covempdyhe thgdroaizbatapand vertical aﬁ‘bnm
they should be applied. Particulamesnghtaglistiesn péaasdhe cornerston

design. >
The various classes of road andCéhtaeeds Zar & merfoaednid 'IDaebinegQ-l:
It will be apparent that in an urbameémiltonsuanly diaivyglvea seve®@l cl

roadsor streetsfrom the residential ardlaan( basd&YlyhCoagh T la®d hi
In the urbancontext,the links from Cllasse4 &g ehiqiperr-tandteand thgref(
links are included where necessarys, d)mrethpeh:itgh@robwobelunaEreets(Dand

The Chapter concludes with some worked examples. >
—t

7.2 Sight distance

Sight distance isthe most fundameasitgh anidelhearc e fd sadesded in Som:¢
before dealing with the alignments retsoduxlhgiime rkie g esligmeis to enst
drivers can stop safely or avoid theg lsazileatdonsifeaemateatierls ahead o
Sight distancethuscomes into play whemaonosudeingg pesspng and de
making, with sub-aspects to each.

In determining the sight distanciearmgsirbd, stanos tird tle
Drivers must be able to see the potential hazard; and

They must be able to react to it andasttapnobefoke dheyd am@eh t
hazard.
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The first requirement is thereforewdearthimeksriokrsigrnd ihe hazard, and
second is concerned with the reacthoakingeadfildryvelrsesmrdaspects are cr
to many aspects of alignment design uecred arefdhe retflvee asproadts are dee
with.

It may also be noted that the informretqonremesnghtgiiehainceéhe tables be
are commensurate with operational speddisn marmablayneancotenxtteand hence
[imited to design speeds of 80 km/h or less.

7.2.1 Stopping SightDistance

The distance a vehicle requires tce sstiop piafelyightcdisedndte (SSD). It m
affects the shape of the road on ¢hk xligamemn 8 ,hb LIt (fetriere are objects
the edge of the road that restrictpaodrdkienrgsavisdnd, otthearp it also affect:
horizontal curvature.

The driver must be able to see amemndbetidiel estiopihagrsadht distance dep
on the heightof the object andthe legiglatbot @ htdr ed rived surface. These h
arenormally setat0.15 m and 1.05 mimetdypeectivelygf Hawedeuse local stre
the object height can be increaseantexprésmiothw$ gheisgfety and protec
of children and pets, without incumrk® g ®d ceossstisr.e earthwo

The driver needs time to react ancd themictllee nlereak @ smef ttdh slow the vehi
down, hence stopping sight distancentisoexthemsdgedepfenlde vehicle. TI
surface characteristics of the road absodastaeatcéhsobth&imgluiersefor unpay
roads differ from those of paved roadsaralthmabhfoheddsfifger espeeeesds belo
60km/h.

The stopping distance also depends coad thié igradiradretr ab thtop on a down
gradient than on a flat road because a odnpeneahiocfetletsvedgWwh the
gradient in the opposite directiooesothtad arietadherhdbing to stop the ve
This is illustrated in Figure 7-1.

400

350 | N
\“‘--h
~—
300 e~
E i ' | 120kmh
8 250 e — 1 1 I | e S —
k= R
g Tl
=] | T 1
= 200 == [ 100 km/h
= —— | |
@ = —
g 150 | . . |
a R e e |
2 T+ 1 80 kmih
73]
1 SSEAS
w S e Ty ey e e 60 kmih
;| S| e | (I 40 kmvh
0 !
B 7 6 5 4 3 2 4 0 419 2 3 45 86 T 8

Gradient {G) (%)

Figure 7-1: Effect of gradient oanst®ppi
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Full
horizontal

necessary sight distances.

adherence to the

curves,

required sightfodistafredgsréeasosssenOnal the

ins

it may be neceswsiddyngs rermoiMe trelestalbles to obi

If this camrnombxt denehahgedligdnnrare ¢

where it is not possible and a chaeagessm e sagie gipetedairsd permanent
must be provided.

Recommended stopping sight distancesofoodsmpavke dtametsapalveférent d
speeds are shown inTable 7-1and Table 7-2.

Table 7-1: Minimum Stopping Sight Poatesn éers VariBPasve@rades

Design Spe Coefficier Stopping Sight Distand
(km/h) of Frictio
g=10 g =-5% g =-10
20 0.42 18 18 18
25 0.41 23 24 25
30 0.40 30 31 33
40 0.37 45 47 50
50 0.35 65 70 75
60 0.33 85 95 105
70 0.32 110 120 140 O
80 0.30 140 155 180 9:;
©
Table 7-2: Minimum Stopping Sight ithamd:ses‘ofroNaJrripaseGr%ﬂes
-
Coefficie Stopping Sight Distang
Design Spe of Frictior ~
(km/h) g=0| g=-59 g =-10
20 0.34 19 19 20 J_>
25 0.33 23 24 25 ©
30 0.32 32 34 37 =
40 0.30 49 55 60 3
50 0.28 70 80 90 o
60 0.26 95 110 130 S
70 0.25 125 145 175 —
80 0.24 160 190 235

Lateral obstructions
Stopping sight distance can alsotrue ta bfre stieah beys aan wall, bus shelter or
elements, for example, shrubberyidEetres theodfpractoce to ensure that
sight remains within the width ,opluse stravkdbedowaydewalk, as 'the ca
This requirementdetermines the maimilbneumdiogpdeuss ithhbrcizontal design.

The clear offsetprovided by the vaiytdhindfstile wedkesledewsured from tt

centre
curve

would be 200 mfor a 4 m offset.

line and will

Fo

r

normally be &f mheFmoomerlaofel gpedanetry, the min
radius for a design speed of 6&t&kmstbhppndgceigmte dssirance of
anuaffsedios$ 6 mthtd esameidesi

speedwould be 150 m. Figure 7-2 gives rdddedsogrnvampeado.ffsets an
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Figure 7-2: Minimum horizontal raditusdikdarsde pgnngusyes

7.2.2 DecisionSightDistance

Decision sight distance, sometimeshtedmseadnaentiaspaliergisignce require
a driver to:

detect an unexpected or otherwise idfibfinalti-do-peunceevor hazard in
roadway environment that may be visually cluttered,;

recognize the hazard or its potential threat;
select an appropriate speed and path; and
complete the required safety manoetdyre safely and efficien

Critical locations where errors arerkki¢lystdescrcabland whovide decision
distance include:

areas of concentrated demand where sbhuasesoatl wafpo ehamiemts,uc

opposing traffic, traffic control devicemsnsadwetibisingneig,nsoammete
for attention (i.e. visual noise);

approaches tointerchanges and intersections;
railway crossings, bus stops, bicyclegpathds tembisgances of villag
newly upgraded road sections or théaychange of road hierarc
changes in cross-section such as at toll plazas and lane drops; an
locations of design speed reductions.
Decision sight distance is meaghtedlf frohd an teyanhebject height of 0 m,
road surface. The road surfacetasnobijeet heiiglciude road markings, for
lane markings and road surface defetameikis gothelesnsidered by the driv
reaction time selected for thisdsuasosemparesd s@c®.5 seconds used in ca

stopping sight distance for an enveBggncgs sidlp.ed aflolr decision sight dis
required for various design speeds.
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Table 7-3: Decision Sight Distance

Design speed (km

Decision sight dist

40 130
60 200
80 250

7.2.3 Barrier SightDistance

Barrier sight distance (sometimes aatle)dime¢lkeinignstiighgt distance belo
overtaking is prohibited. Barriardeidght girotaimee eisoingk time for two
approaching each other in the same lansomethe aedigm wigbea $mall
margin. The barrier sight distance twitdeetbtosdoppuagesight distanc
margin of 10 m to 20 m. Table 7-4 p rtdnei doessr riirefro singaitf odhi simances requi
various design speeds.

Table 7-4: Barrier sight distance

Design speed (km Barrier sight dista

40 110
60 190 @)
80 300 >

Barrier sight distance is measuredOf$om taonaeye btjetdhhtea§hlt. of -2_3 m

Q
1
In considering barrier sight distancetandea(scemdnsastbmg),stgbtrdékc_g as:
with hidden dips in the road verticadoaml$goherendt sHodideénbeips create
impression that adequate sight distanrgebiescawvsdl olflehe Heladineglly -
lengths of streets in the urban envirlomnmendpasdseihveodviehde barrier
distance is seldom a problem in a streedobn¢ shomiddalwayis, fﬁ>r in
recommended that barrier sight distancratsleouthlabeonlaisabp®rng s
distance at traffic control elements suscilgneesistop signs ortraffic—.
«
7.2.4 Passing Sight Distance -]
Passing site distance is seldom andaespgotodfloweceosndier thiexed=gse
as it concerns the safe execution of thappaksngnmeigbeuvoedeasand Ve
only roads. In the urban context, overdakibhbe ier mpostiybined . T(Bble
nevertheless, provides information remguhre &ifphrttésstaocessful execu
such actions. =

Table 7-5: Passing Sight DistanceufmdesSuccessful Manc

Design Speed (kn Passing Sight Dist

40 290
60 410
80 540
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7.3 Vertical alignment

7.3.1 Approach

The vertical alignment of a street stemdadisihabhld tlhe ogoapihy. The mai
difference between astreet and a roald ilsetbhighhly stepedssleauto facilit
drainage of the adjacent propertieselehate ca tioo dalcisitalighctigss drainage
to keep water/moisture away from the pavement structure.

The street alignment should be dasligmddatoirbge ared tdhedicecognition shou
given to the interrelationship betweanal erlticrmh amtid Ror example, a ver
curve that coincides with a horizoobhaadioedvevighonulthderorizontal curve
ideally, have approximately the same length.

The grade line should be smooth, wetdhpgmgdwiadh cdhanigogsogmaphy. Numero
short lengths of vertical curves andesdrfoig stesfesttyoahdl Wheadwapgk reasons.

In sags where the street user has al faligvmeaentobftiieevettecet, broken b
vertical curves should be avoided. Ok @redike thdv drroklgn albfeccts passi
opportunities.

7.3.2 Vertical Curvature

The parabola provides a constant ratanaf lcdraceg ehaod bQeadmreatthe norma
curve for vertical design. Howeveentleein theliteleuldisfebtained between
parabola and a circular curve and hesceiphivemanual is not pre

The basic formula of a parabola is:
y = a x2+b x + ¢

The gradient is provided by the first differential:
dy/dx = 2 ax + b

and the rate of change by d2y/dx2= 2 a

The reciprocalof 2a,1/2a,is identifhadathehedideanoe Kedquiised to effect a
change of gradient, wherethe gradiemrtniagexpressed as a perc

Vertical curves are specified in tetimsiofemgshfa,ctorals; and
L =AK
where A is the change in gradiefifteremcetltia gltaélksaic di

The minimum rate of curvature is sdatecreniegdibgnseghd,das well asthecon
of operation and aesthetics. Genmraltiygnthd uglo, fehetodllasstwill be met if s
distance requirements are met onTchesmhinémiucalscghtvalsstance is the sto
sight distance.

In the case of sag vertical curvegplatedsbyhthai hteaaclegilstrellumination dis
of the same length. This is measureddiygassafmingg m AedddidmMelmgence an
of 1 degree above the longitudined uegdi stiod hreemdldghdle MMhere adequate s
lighting is available, applying thay hrectdbig hteceissairgyn strictly speaking,
still advised as a measure to ensing ¢omfeot knStread ighftunction at tim

Minimum values of K, based on stopptnandidgltadisghnécddorircatioon distan
for sag vertical curves, are given inTable 7-6.
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Minimum lengths of vertical curves.

Small algebraic differences in gradiemaiscuasveltlengshortamdrthis in
particularly where the two tangenesatereroimgpreessdonoodra kink in tf
Table 7-7suggests minimum verticalycaegéehletngtieasonp.ukéhere the a
difference is less than 0.5 %, themittrddcal curve can be

For aesthetic reasons, it is also nexgdsarfystoafgthia tamgrtntebetwee!
alternating vertical curves. A lengaé.of 100 m should suffi

Table 7-6: Minimum K Values for Vertical Curves

Design sp| Crest curves for different

km/h) Sag curve
( 0.15 m 0.6 m

40 6 2 8

50 11 6 12

60 16 10 16

70 23 20

80 33 Not applice 25

Table 7-7: Minimum length of verhietdat ceason$or ae<D

Design speed (km/h Length ofcurve
40 80
60 100
80 140

7.3.3 Gradients

Steep gradients have a severe effecte dmfthe aovpe neghoolels spe
Figure 7-3.
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Figure 7-3: Effect of gradient on truck and bus spee
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From a safety and passenger comfortipgrapexusvequiere esttsoséadvnot be t
steep. Passenger comfort suffers, and shentreqsescghafrpdgcivlean the
speeds of heavy vehicles such as a buls bebpwbyhem @aveethge dibnkmiig spee
Table 7-8 suggests maximum grades for bus routes.

Table 7-8: Maximum gradients on strieledsralsessexwying a

Design sp Topography
(km/h) Flat Rolling Steep
40 7 8 9
60 6 7 8
80 5 6 7

Maximum gradients on lower-order ntivaéd suseetlocalur@sydeans high as 1:
with very short sections of 50 m or less up to 15 %.

Gradients steeper than 8 % thoughtewtidmretgustercaawatelr alrainage. Tak
camber or crossfall into account, loagithann®|9% rakoantsnitghe adopted
unsurfaced streets. Gravel surfaces ardlswbspetetdis odoUr6ai/wab 1.0 m/
which are associated with slopes offohheovedkandfffo%.to 8 %

Short access loops, crescents and cul-ddieaedtire daheshowhdplhanporsg to
avoid the risk of properties at the ithgaih emdladce d dw panto bfefrom higher-1I:
land, especially on steeper sloping terrain.

It is also difficult to construct sprereth aon agrauti elret osbggeconventional m
Streets on steeper grades shouldf tharscbete corsintetkeacloing concrete pa
provided they are well locked inebgekanximgr dredtrsa.nsv

The preferred minimum grade is 0.67 %.

7.4 Horizontal Alignment

Designing the horizontal alignment pfaaningbeaathsdrethtans aa detail desi
function. Nevertheless, the planneesegnkertisbogéd nteotiliiech @rate, with the
drainage designerbeing involved, as required.

7.4.1 Approach

Alignment should be sensitive to trheséofoeg magehdy ftaor murts and fills and
restrictions earthworks place on thedacidasd staweds dllosntohe street. St
should, wherever possible, not be at sigbtangdesutth sondeus tend to cre
problems in construction, maintenance wdlhiasagafatydiscteumsa of run-aw
vehicles, especially if the terrain has steep slopes.

The design of the street must alsocttake atdbendtodetthanfd the likely oper
speeds. The horizontal alignment -afsa $tinggdedroardeadmwliti be focused ¢
destination endeavouring to followthhkboshotrdaegenmisutendvgentle curves.
lower-order mixed-use streets the tamgdntbemawrves shamrteer, aimed a
operating speeds of 40 km/h or 60 km/h.

Cognisance also has to be taken of theildeys iger viecesi tdat meudd be situa
within the street reserve, e.g. watdeepaexsawayiorsg uiceavoid installing
release valvesin the case of an undubegimg dete¢iroailnab gnyntéie horizonta
alignment.
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7.4.2 Tangents

Tangents are the straight sections f laositzeertat coureetsnd dhg tange
cause operating speeds on such streettsble aceésaséidoncenaiccepsugg
that the length of uninterrupted taedge Mt desthgtinl @ foee himimes the desi
appears to keep the operating speed. tfobald® kima/thldeslign speed the
lengths should be less than 400 m,naedefeod, ah@O0tamgénd eleiggth shou
exceed a maximum of 600 m.

In the case ofan urban grid of stresemsa \pk dods iisiare sioa/elmefmnt point o
through traffic must be curtailed by otlrtaimmegns such as traffic

7.4.3 Curvature and Superelevation.

There are a number of factors mseEtatiniphgatestdhesuperelgwvation in
The large range of speeds encountered in an urban area
The need to ensure ease of access totrner®tserties adjacent to
The risk of top-heavy vehicles overturning at slow speeds
Lack of length to develop superelevation.

Superelevation rates thus used inethmidessgn streewsoade very res

varying from none (negative cambeir)k.td ¥evease marimeum of 4 %. O
use higher-order streets 6 % shouddimenoastéedefresd gbeehevation.

The safe minimum radius of a curve eedelehedrtictibea bengarelsp;)S_e a
road surface and the super-elevatiore. The f@adimsldsto calculat

R = v2/127 (e + f) ©
where R = Radius e = superelevation (m/m) g
v = speed (km/h) f= side friction factor =

Table7-9shows combinations of minimwtr’mnambiteasnﬁoswmar'reﬂlsadegilgn
based on theequation given above.

Table 7-9: Minimum Radii for HorizemtRbLdsr ymsg for PA

Design s| Side fric Minimum Radii for Maximum Rates (5
(el faiCioln -0.02 +0.02] 0.04 0.06 -’
30 0.19 45 35 30 30 3
40 0.18 80 65 60 55 @
50 0.17 135 105 95 85 3_
60 0.16 205 160 145 130
70 0.15 300 230 220 185
80 0.14 420 315 300 265

For unpaved roads (Table 7-10) thsd dferath byn liess s sthhallyooopaved roads
calculations, it has been assumed thiaripayed %o adstheutvahie is dep
on a tightly knit and dry surfacewiftlgonodl gos¢istagrasein other, words
on which the design speed can be maintained.

A poorly bound surface with many loosecpdotwelewsawild bhveiation, bl
may be assumed that vehicles will be atriaesp®adsthcdt assmufalcdower
the nominal design speed dictated byathe cfighitrdastae amsl darechce that
is little need to make further adjustsuchtssuofabbe 7-10 for
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Table 7-10: Minimum Radii for Horixzaowdd| Rbard/iegnigpr Un

Minimum radii for may
Design speed (} Side friction f of superelevation
0,04
20 0.19 15
30 0.165 35
40 0.15 65
50 0.12 115
60 0.16 175
70 0.15 255
80 0.14 355

Superelevation development and runoff

Streets normally have a camber whé ¢keathéghneobamdoa fall of the order
to 3 %, to either side. Superelevratnoofisbgenogbapreg tthe outer lane edge
the centre line until a crossfall abheossrelkée dguaWwitbthhef driginal cambe
achieved. From this point on both Hamnesuaide therthentrethitiee or an edge
until the full extent of the desirehdeswegerelevation is a

Minimum lengths for super-elevatiomo fifeae¢opuggetstendl imu Table 7-11. TI
lengths should ensure adequate runoff ofeatiorgnwhaeeimprigabosiotn of an
unsightly kink in the road surface edge.

Table7-11: Minimum Lengths for Supemglevation Develop

Design Speed (km Length (m)
40 40
60 40
80 60

The superelevation development muthtebtangetribartd ditoereurve, preferabl
the proportion of two thirds on thedtangtdret aurdreone tihhe case of develop
lengthslonger than 60 m. Over tha lghmeteplie regtinasl,|yit

7.4.4 General

The following general principles releltdnigetdolomveadumnehesrhodesigning th
horizontal alignment of a street:

A short tangent is required betweerncumrwessim Opryesitei.directions
following oneach other.

Broken back curves, i.e. curves ithtbleosameraliigktsiom between, are
be avoided asthey arecontrary to driverexpectations.

Large and small radii curves shoulldsnratlbef mihuerdb shideld:apply, i.e
the radii of successive curves showledabk wthlein this ratio t

Small deflection angles require fairhye liomgressivers dd a ko ndk .
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The vertical alignment of a street, as isholiéd clasecowrishste moamith

topography andshould be aesthetically pleasing. In this regard

t

Due recognition should be giveshtip thetwetearnedatioal and horiz
alignment. A vertical curve that oootialc icdbery ew sttho al chdrézcontai

within the horizontalcurve and idelyliyhehaame ppmgkiimate

The grade line should be smooth, wie¢k pgnagdwathchreenge poigiraph
Numerous short lengths of vertical aldvies awndidedafigh tsa ety a|

drainagereasons.

In sagswherethe street user has a fugnmewt of the vetrtae &l @rioke
back vertical curves should be avoideldacknpaiod sltes ,attheebse ke aff

passing opportunities.

Worked Examples

Examplk Class 4 Street also servingclassa duwsnraltresteawitdh tangent g

of + 4 % and 3 %. Establish thaipaltameversequittesd ver

The design speed for a Class 4 street is 60 km/h;
The change in gradient, A = + 4 (-3) =7 %.

of 0.6 m is 10.
Apply the formula L = AK gives afvéxtifat d@rwe. length

Table 7-7 requires a minimum lengtB0oh.100 m, so uselL =

Enter Table 7-6: The minimum K va&lfu@&0f&amah desiam so;bq'edg-l
Q
©
~—t
0]
-

eic

Exampld2termine the radius for a horizodt&®ltreuarvanfothee Gllaperelev

required.

Enter Table 7-9: With a design speedcam®@rkm/ba.and upe ea
of + 0.02, the minimum radius is fouhd aswh&bhim.I€he@wkim

thatthe street reserve cannot accommodate this radius. —_—

at
fc

«Q
Check Table 7-9 for radii commensurasapwieiesvtecipar tatesllob

found that asuperelevation of 0.04 reqafir45anm i@ ckinrg
the township layout again, it is feendetban thotustlrlggebaeom
curve of 150 m radius. Hence, use 150 m astheradius. D

Table 7-11 gives the minimum Iengeheﬂcmrpmmamerah@lvamifomffda? 4

for the design speed in question.
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8.1 Introduction

8.1.1 Background

Intersections are an important part ofahtacibiay bead uesred thereefficie
safety, speed, cost of operation andegemalcidy bHetimed ésscglmtyo a great
They are required to accommodate thedneetiifcde petbe stoeensnadiffer
directions that cross each other. Suchitmbeve g ntarnay lge dmeitric de
and traffic controls, depending oimrthe type of intersect

Pedestrian movements in different diretheanaréehadscrpsaseblwced in pr:
by people providing each other curgagysapgdactilitettie sh@rcrossing man«
This is donevirtually automatically amdssilsamdtytime tiasabwd.ere vehic
or pedestrian and vehicle paths crossmathindaehse,cairohshaseforequire
manage such movements.

The operation of an intersection rerqaffiesstheagdnoppedice speed or s
affects the capacitiesof the streets ercapiagitygach aoxthaeteasdcttion is
lower than that of the preceding dorsllbéwingnseémeueatnsectit is the caj
the intersections that determines thetcypgaenmtyasfatmehiorlen shpwxiliary
are often employed at intersectisssotocaplewityte this lo

Vehicles travelling in the same diglksctabrriake awHew tleavelling in o
directions, the risk increases. Higlhlewiths ideiciek arssvediang in @rec
cross each other. Intersections are pdrotridetd nimtwbekraadfaailitste
crossing and turning manoeuvres, wosehaittetutionrequsiecfedly asp@cts
design of intersections. -

Manoeuvres at one intersection can irgfhuadjcec enaniméavsestadn igioo
spaced. This requires attention beingllgimeimttorsexdcongdasigme.—Solv
congestion problem at one intersechpiromIlreamytshtiie thexsamtersection.
also be recognised that every accessoomtoan sirerestechies s arene,80the
to control such access as well, partictuksrtly. on higher-ord 1
8.1.2 Purpose and Scope S
Every intersection is a projemtuisingseypidEeqpewmetricdrawiogs, #here
consider the context, the intessecgimag e adk gpincefgleeand capacity, @mor
-

The purpose andscope this chapter, therefore, areto: (7))

Discuss the safety considerations thadraétetcdntshelmietshugsnFBgan

intersection sight distance stands paramount. -

Serve asa guide toidentify attributasptiraitcwlauldiapaptiyonn =—:
Provide information on the design sofofhéenteffseeretnontyaad_ the
application, including aspects such @rs ame aseiloécyhdane si

Illustrate typical intersections.

82 Intersection SightDistance

Sufficient sight distance liegcaiothesabetty ofT hretest®pping sigéd distanc
inChapter 7: Alspomleinalways be available omcaibhegs afdditiomtelesnge
sightdistances are required foe cmpefatiabhkeobvésizies entering or ci
main street from the side streettht imaekieecticta.sbions of sight dis
emphasis has been on the driveoad arveheelte aord thkat he or she shou
to see. In the case of intersembives,tdhwham ahdsinvser of a verhicle wan
the street from the sideorapedessrihe swuaaeitngnustcbe able to see.
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8.2.1 Sight Distance at Stop Controlled Intersections

At a stop-controlled intersectitdimrnheydueneclefaa sha stop line must be
see enough of the cross road to befatthlee eoopanraytiouts dmesfore an approac
vehicle on the cross road reaches tifethnsevedctiencomves into sight as
stopped vehicle starts tomove. These operations are:

Turn to the left in advance of the methieleigptproaching fro
Turn to the right, in advance of wvehithle dedpmrrochchghg. fr
Move across thecrossroadin advance of thepteficanmgrveghticles from

Turning movements

With regard to turning movementstameesrectiudone mightsdare determined on
assumption, based on observations, thwatl thheev e wraid a be veetleic k@ 85 % of the
design speed before the approaching8wbethicdé tlee aesad nngptowed, reaches
To provide a safety margin a 2-second lyixpelsetsvdenthde atlwowvee for.
Observations have also confirmedamaditiferenicenlbeswgndhidhe sight diste
requirements for the two types of turning movements.

The stopped position of the vehidhe wanting hoaepecvte is taken as5 m .
from the nearest edge of the travelled way.

It may be noted that the traditionalirt.elrsre stenlgackadn ttirming the third
defining the clear sight triangle Shhars imeeecemdr eiasesl ttw allow for a cycl
or a pedestrian crossing beyond the stop or yield line.

Crossing movement
In the case of thevehicle crossing theherassssang Meahitiletameet complete
the sum of:

The distance from the stop line toatheagdiqgefane crossro
The width of the road being crossed
The length of the crossing vehicle.

This manoeuvre must be completedhisn approiacdintgtakbsclte to reach tli
intersection, travelling at the design BEpeedfetythe tuosltsepnad o seconds
allowed, assuming this is the timepardeivertiwakl i$pienglafe to cross, enga
and set his vehicle in motion.

As in the case of the turning manoduwmecf the séetppledweaonsting to exect
the crossing manoeuvre is taken as 5emdgewal thremralvelhednesy .

Sight diagrams

Figure 8-1and Figure 8-2 provide in§@mohiatnoni gt thistiartees as well as the
sight triangles needed by the vehrctbeatutiman®g mnmoitheferossing manoeu
from stopped conditions. Obviously, dléerasigiHalleanglestimdsrections.
sketchesin the two figures have been grueecsadesl.for space-savin

In determining clear lines of sighttaktdre b .St hmeiGhe ieye height is 1.05
passenger car and 1.8 m for a truck or bus.
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Notethat the intersection sight distanthenstag pereraieadyd g nrd on g
distance for the same design speed amhimenc&@daodrsveaednshb
difficulty in coming to a safe stopyveshbeldehdolre sfie petrrceicro
a false movement.
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8.2.2 Sight Distance atYield Controlled Intersections
Where access to a road atan interseceéidnsigncodeétellmdnibryg athye clear si
triangle is approached from aslightlydiéfteaesatopecomercdledtintersectior

Observations of driver behaviour indhgatbetlta¢ an sigtletrmiimingle for yiel
controlled access to a road fromtararn rbte asesatiegd thatdthie entering vehi
will be doing so at a speed of 25 kmuinitrog 3i;v kimd hsawmteildirection as tl
oncoming vehicle and acceleratinge olmhéhenmaiminmg axk loir street mustred
speed from the design speed of the maierinpadebithabod nhairetmain a safe
followinggap. Thedistancerequired to gbvisetfife cinttetlsesei@rctsoght distan
for yield control (Sy).

Figure 8-3 provides information orstarmeeseceigpuiredgliordia yield-control
intersection between alower ordesperectoWwiad knmidsagrd a higher-order s

Figure 8-3: Intersection sight ddstacwce for yield co

Indetermining the clear sight thimsgdéi thiempol@toofthe intersecting (cros
or streetisset back by 45 m from tdewaggefoahéhmaiavedbed. This setbac
based on the distance required by ngevehimde db plee eaiteerithe need to st
reduce speed from an assumed approach speed afsttodp kahibdubhdheo me t
yield-entry have to be aborted. Acesischothiemfdbemcedidstaynthe design spe
the main road.

The sight triangle so defined (byotheg thistancter sftdesemaamd Sy -the inters
sight distance along the major streethenlayrearvésctoaddines of sight
Intersection sight distance for stoppedacanaditienaathet vwdbocle that had
abort a yield entry by traffic conditicownosvowithé avajdo rsdadt from a stopj
condition to executethe desired manoeuvre.
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Foranintersection between a Class 5 sdreét4@ktrh/h, daesignoshee Clas
street, the 45 m distance in Figure Bn3, vwatldlreodhee pa7ameters tha
given in the figure stay the same. This hebrugnaw almatotthéhdrineld conc
would approach the intersection at a sphkenlyy n3tkimt/h ridgyv blue vehic
a stop if it is not safe to enter.

Although the sight distance requcoamdetnor{Sy)réoapypeddiably shorter t
for the stopped condition (St), cyealkdscghtrtoliaregliesltiorm be available
conditions, and this gives impetuativecomeirderdnig m tygpres such as min

8.2.3 Pedestrian SightDistance

Intersections are intended points foeetesde Ptedersdriancrasssstrherefo
be provided with adequate sight distathestriandgigbt saifstlaynce IS mee
from an eye height of 1.0 m to an.dbjiescta Hargheropdlinx mf departure
crossing of the travelled way is toebhée. dohe disdaecraevieiven inTable 8
ensure a safe crossing of a two-lane street.

Table 8-1: Pedestrian Sight Distanceaevik el@uie &mreretts for a T

Design speed (km/h) Sight distance (m)
30 45
40 55 O
50 70 >
60 85 Q
70 100 ©
—
83 Types oflintersectionsand Control 0]
—

8.3.1 Basic Considerations
Principally an at-grade intersection sheudd anCyossmprésehaveé o8y t
four legs. It is a basic tenet of thisomamuwldl- tdh@d em uhttie wsseyctions,
intersections with morethan four ldgs samaullahevdry prfowit should be
to redesign the layoutwhere theynodaywuis.existing tow

u

Skew intersections should also be avoibensawithesighe sckist aprod.

SUO1]129S1i9]

Figure 8-4: Multi-legged, skewed arntdossaggered interse

Staggering or offsettingintersectionimgsskesavexhynoé reeectcoms, but sta
intersections are not without theiripesblemerenghartlasodgh-street m
left and then turn right at the mexinindeosaethteornotoginal direction o
Traffic doing this so-called left-righdpsbaggree thapulgdvetteet awaitin
in oncoming traffic to complete stheinitghd capacitittarad safety risks. |
of isolated intersections, this probtemy dan beigasdefbystmmger as ill
in Figure 8-4 and Figure 8-5, budutteisnisadifffdetihtetoveerk type situatior
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Figure 8-5: Options for corre

‘ntersection Figure 8-6: Acceptable an

Inappropriate angles of skew at intergeeditoniskate sadauseadfoperation
Ideally, all intersections should beglatsmghlt deevgbasomasticaman be permitte
Acceptable angles of skew at aninters&cbiohcremstabwa dngheguaee betwee
60R and 105R measured from the axis ofnthikemfagurroa@hasghlawen rule is
that the driver of an intersectingveetdctierishoigldhereok imore than 15 degre
the left or 30 degrees to the righd toabfseamettoencwarin road. The reason
looking over his left shoulder a duaiviewgrhinss lihe pifsisighthobstructed b
passenger or in the case of a largis tweltic ey tloo biadyowfeh his right sho
there is less risk of this happening.

It should be noted that the requiresmefns&ewgappdinganaglley tothree and f
legged intersections comprising mini circles.
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8.3.2 Typesof Intersections

Basic intersection types are illustrated in Figure 8-7.
Simple Mini circle

@)

>

QD

©

—

(¢4

-

(00)

1

Left turn auxiliary and chan Right turn auxiliary la -
—t

Figure 8-7: Intersection types @

—

Simple intersectionsinclude in addiltliwstrtotat enc roigsureea8s7, T-jWhcti
staggered T-junctions. Simple intehgacvimlusnaere asreitlobteand tu®ninc
not warranted by vehicle delays. Most int€riasctiDrirert€ kdssu dd@e o
simple type, or if difficulties areodxpecesscedmpthseasmini circte. T
complex intersections illustrated rimqBigaideaB-intmmsye dtéons of GLass
with higher-order roads and streets ancshowgmneaadllyesbgnal'&medg pe
signalisationcould normally be preceded by a roundabout. o

8.3.3 Control

Intersections could beuncontrolbdfliosconsrotlerdflfictsrignals. In gener
control by traffic signsis the most ccoormoantooim Bfiiortieysecntrol impl
one of the intersecting streets alwags ttlakeo fdrerce e ngeooMy contr
intersections, the through-way flows ore etthies huigimee+tougpeed and cont
exercised on the intersecting streetesrbyieldhgirgasop sig

Various types of intersection controdairléuditsatsded hesewiean of figure
road marking and signage must confoofinthte Ztdm bricaq NiaeimeatsGuidelin
Road Traffic Signing, those details are not repeated herein.
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8.3.4 Uncontrolled Intersections

Uncontrolled intersections are ©omE€tamss5petmmaettedas it is argued that
volume of traffic does not warraeticoatbalt Filgist maypftenlostof the comme
need for adequate sight distamsueclnnaélrdketiegs.ofor a desdgn speed of ¢
applicable to Class 5 streetsistheceeguibethssgheetlsis 30m. Such large cl
triangles are not easily achievabtle as @maclrbgum ccramtteof an intersection !
contain a clear sight trianglethretenodyoblkackcaiamsver s viewngf potential
vehicles. The use of uncontrotlled srite raepgtoachmdisvith caution.

8.3.5 Yield ControlledIntersections

Yield control on the minor street ioftipeiowmotyt doastirm If artman intersectic
whether three legged or four-leggeddiod thenehatltyerisoam@rrower ofthe tv
intersecting streets. A typical yiehdisoihttuetfaded-jonkEitgure 8-8.

For yield control, sufficient siglhftrdinstehhecaelésiseqmuipeint on the minor s
Assuming that the vehicle on theppimnoearchingethwiliihnbersection prepared tc
or turn, and hence at a relatively hewdsptaendc eofrdqukne/d,tda bring the ver
to a stop will be7.5 m. The deces7obh mobmatc khir®nwithd edge of the cross
The required sight distance alon@rthenedofsro mtifeigtuie 8e3 as 30 m. Stop
sight distance must however also bespwaitdabdedfgoimibmepoant 5 m back fi
the edge of thecross street.

Figure 8-8: Yieldcontrolledinterseats®mbetveees two Cl

8.3.6 Stop-ControlledIntersections

As a rule, stop control is suitable datibons,tnaféire Mbleumaisitstreet is bu
than the side street. Should sighd aisdsana¢ésrbecrneshricftéewo streets, or if
is a clear difference in the functiometod, tavsiopecoadtiongosirthe minor stre
indicated, as shown in Figure 8-9.

Figure 8-9: Stop-controlledIntersebtsome dtstwred ICGlas st Streets
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8.3.7 Three or Four-Way Stop-ControlledIntersections.

In the case of three or four-wayesttoprsonttreliedeiseetsng roads are
of equalprioritywith traffic flows oa obhel ad§f @egeuet! | elgrse ns@ame level o
iIs exercised on all the intersecsiog lealdshriee. ostioopusr deg@rs. The contro
is first come first serve , with thtevecooo Ihame thahisheoularrive simulta
at the respective stop lines, pridicthe isngthenrithth€uweently, four w
signs have become somewhat of an anachkropniseriwgtia mMmimie cerfdleecti
alternative. Figure 8-10 shows such an intersection.

O
>

Figure 8-10: Four-way stop betweentwoclass 4 Stree&¥s

©
8.3.8 Three or Four Way Yield Controlled Intersections —

Multiway yield control is seldomhigshestt imskiewtotthehbigher spedls a
with yield operations. Therefore, mafltimayseietlid comtaslbeen reptace
circles. To a certain extent thisisoplsonttrod, ofspecttian by vehere nbgltiv\
control was originally (incorrectoy)tiasticu¢catimasga way

1

8.3.9 SignalizedIntersections —
Signalisation of intersections redfutrasfithdighssaolratimmobs and g_-'bner
only found on higher-order mixed-use (Cl\aesh;ica)saamdylp@vlars—s;rﬁ)er'_"ads

streets. However, a low volume streretmggomaveictodecsaghnend _‘ith
Class 4/Class 3 or even a Class 4/Class 2 irpterigaatiicatidhmt maryc'
signalisationis briefly dealt with herein. D

The norm or warrant for signalisatibe eftam ti mtfedslact eap ésitenceéd by
at a stop-controlled intersection. Variows mRoatmeribets shaeey strE'i_ght
and useful one stipulates that when a simgéeswattomgr@actuesadbragxce
four vehicles on average for an honioddurarfficthsd gmeads peuld besjust
addition, if the sum of all the queapes thforedholetsaohudvieour exggeds
would also justify signals.

However, these norms were determinmed rbeharebahte wasddaken in
consideration. The latest research showsrelahesheapacityp sitgralis
need not follow automatically. Mipouutsirches paodideuadadry cost-ef
steppingstone before traffic signals.

Mini circles operate slightly bettersthghe flanedappuoscih situations,
roundabout serves better for multilane appabacftheuneubewaihiemg c
approaches to a mini circle or rounidbddo fbreanmebdsrlraétic signal:
perform better.
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It must be cautioned though, that thebeten@amusthae nhodrebasre significar
overlaps where more than one form oweldntEolgiweérprgfouohgement thu
remains the most important consideration.

8.3.10 MiniCircles.

The mini circle is a relatively rdacaefficdevetopimdevicres. It is sometime
referred to as a mini roundaboutand ilsasiaduakfed ¢calmoRgrdeX¥ace in
Road Saleaye details also abymizalirDthwcogspanying this Manual.

This Manual gives preference to thavoédmamyiniooifrcdeonnowith a full-sca
roundabout. The roundabout is substandhas imaslier thedbhohughranffic circles
yesteryear. The main difference betiwseim tthee |bacerthab the design of
roundabout is based on gap acceptaneeniprindrglesdebegreasctlepts a fir
come first served approach. Incidentaiby,atlhherdéfscgoiodlia itsamdased on tre
weaving principles, requiringlong lergathbeodiféadendyl dgeswf the intersec
roads and hence resulting in very large layouts.

The mini circle slows traffic down to aegaftd atpeidd dandrdées traffic by the
come, first go rule, in a similar waylyin foudew @y atoivsl nbmteyielding to
right should vehicles arrive simuétatie® wskfdatinleeir resp

A typical mini circle is illustratediniciFicderies &-itdatelchin a suburban envit
and serves an intersectionbetween a Clasest4, streetand a Class 5 str

Figure 8-11: Typical mini circle

The mini circleis an efficientlvaayibdoteafbiwagomwtith the need for vehicles
at intersections and the assocideeid lweagsteend ftheel whiling away from stop.
circles are also effective incussei®@ aod|@jnQlesspties 2 ,ReoeddaS afecthm

is often used in conjunction wigdhnep @ep dudems botsipeed humps to be eff

Mini circles fill the large gap in teas$fticpntamdgeimientovbhoarger ideal and t
signals are not warranted. It is bedireveadpthdae minfhanddleg up to 400 ve
per hour with fair ease. As a rulagefgeuweb pefr theealavieour at a stop co
exceeds two vehicles, a mini ciraféiovilownpmndvie the total peak hour av
gueue at a mini circle exceeds 10shelidl &, coaffidesieghals

Mini circle intersections have oneagirlcavatifmgmathaeseentdo five legs. Howe
five legs should rather be reservedns$orretrofitting situatio

8.3.11 Roundabouts

Roundabouts are the next step up fromemanlycireciesedfred tivegaes they ca
handletwo circulating lanes. Roundahoipkespefrgbeg acdebptpnice and yielc
to the right. The dimensions of a roe nd atecsti drep @i dthoen intersecting roa
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Typically, it can vary from a centrml fictaandingaen¢a@e ab@bdabout to
a two-lane one, and corresponding detdidmeterssofid®dmito 60 m. T
dimensions are much larger than necessaaycforronimdadoaltess amred no
appropriate for use in streetenvironments.

8.3.12 Intersection Illustrations
In addition to the simple inteabevepnlduistnatiansdof a few anicorescomple
follow below, showing Class Srettsetntansle Cllimgs wlith higher-order stre

Good practice calls for roads and stitdie bg hemby otfo thretesamet class, or
at the utmost two classes up or downrkn whieh mloe dmtdrt meitmgthe exce
rather than the rule. Some of thme fallowmithgnithestamtiot of such exce

Certain aspects illustrated in the figandas,sucimiag troemdwaysfaisd th
are discussed in more detail in thbditoQbwphgrsections of

Class 5 Streetintersecting a Class 3 Street
The first illustration, Figure 8-l2rsewdivasbatwsecani ailCtlass 5 stree
Class 3 street. This situation resultedi$eam a retrofitting exer

1a1deyd

Figure 8-12: Class 5 Street inteeedécting a Class 3 &t

The intersection in Figure 8-12 pranddsoatcerss ohlyhdawo main s
carriageways. Colloquially this typen ot fiertreerd etotias as bétfd in -=teft
intersection. Being an intersectioreényoheimpe de€lran Trotssing i ma
not normal practice to mark pedestriaBlasssSingtomns €dtion and’

Class 4 Streetintersecting a Class 3 Street

SUoOl]l]d09Slio

Figure8-13:Class 4 StreetlIntersecting a Class 3 Street

The intersection in Figure 8-13 allomwsthacaesimgewaryd fabamClass 3 :
incorporating left turn slip lanesheAfriglanuagswvaty®of the Class 3 st
clear in thephotograph butisshownrsrec¢hi®orslgetameTrlyedetermines the
reserve space and corner splays reicgtarede pequiderdexnigshare met.

Nose positions on the median island aurenidhgtemmveed iy tdfethe des
vehicle.
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Class 4 Bus Routeintersecting a Class 3 Street

Figure 8-14: Class 4 Street, actingtasgoasCbade,Inderset

The intersectionin Figure 8-14 is alab sghioprsgandcisssigoaloced. Right turr
slots (auxiliary lanes) are provided oae hatim careietgewidlisaofefh turning
roadway easing bus turning movemeat.sPenltwos ttia nmarims simgs are provid
across all roadways.

Class 4 Street, acting as Bus Rlaste 2ilRi@easdecting a C

Figure 8-15:Intersection between aut®l assd 4as Oleasstsh@sRoad

The intersection is signalised watly tagletstiur biotth adu kelctions on the Class
with a slip lane and a short auxiliaCyalksnd esthit@eand hefthibhanelized left-
slip lane from the main road servesthe bus route.

84 Intersection Layout and Spacing

8.4.1 General

Intersections must serve both crossingvamewedl da® tasménghencturning
movement the intersection cornersgase-callredetdeldmecatihs. The radii us
create these bellmouths should nodsheylbngeradhag tihheceéurning moveme
Bellmouths that are largerthanrequireduotdon erpensesaapacdacastiead to
unsatisfactory operations. Pedestriansermsishnghdisttarmeesramdéusaand th
speed of turning vehicles is highrarpéddhbtdiatr accdimfe rftr and safety.

In most cases, a simple radius is the aprlesédingdbeelngmu thosr, éatt short ra
with approach tapers and three-centueedubyedeargnefite.n favo
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8.4.2 Bellmouths

Intersection bell-mouths on Class Gostdeeosnplrasalsstrpkas)) m radius
However, with 1:15 tapers on eithédrbeidedtutedcdovebcm radius. Alte
a three-centred curve with a minimum iadofiscofvGtorearmd 2rht4 coul
considered. For bellmouths to beanegomate d dd/ibu®ésl5 m is recom
Depending on the degree of skew, skleweallifdoerskeeticesowaifferent
the different quadrants as shown in Figure 8-16.

Figure 8-16: Typical skewedintersectionbellmouth

Control of traffic movements is eased attk&ewsd brftesmeldtiicsmart%y (
ilfustrated in Figure 8-16). Small islantths adseasefrsartaciedun t C a
surfaced streets and assist pedestrians in their crossing movemegnts

Semi-mountable kerbing is recomore beéé¢ldnbarthatbescaatse of theTore
demarcation it providesthan mountabée kiesh infgdad athe te a straying

compared to a barrier kerb. @
—

(00)

Channelization involves the use of kerbsednatnide omamaigeedenslah tra:
Regarding low volume streets, channeainzaeteoh is nedarnignebhcomind cCi
Channelizationand islands may also bebeéwacerre € batsindessrectiomd h
order road and streets, particularlyeshare Ipigde stimathisotwame, tlke fu
directed at the protection of the pisdestoifansfbygeshoptdem whiPe ci

traffic flows. -
0)]

Walking speeds are typically of the ohédevioifniltys afi/srelintes, old)age
and the like, the speed could be abowbdb-llahenkdre€trovosiihdy thus ggqui
between vehicles of about seven spceadnt aTpisbslleoulcdn nower-ofder
use streets but on higher-order steteds wo utlde rem@uirren a it is regcomi
that a pedestrian should not be requfioed toatficslsa mesreotth&ive alL the
including auxiliary lanes, before reaching a refuge. =

8.4.3 Channelization, Islands and Tapers

w

Figure8-17: Typical examples of asachi@lnzation at inte
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Refuge islands to protect pedestrigmetarcdiags oraificalobentfrool devices. T
visible and to afford the desired pdobectienbeidlandso$houflficient size
minimum size2isf recommended. The minimum width pédesneidiman island
protection should be 1.5 m, with ZE®otrhaasrafageaisilan®edhould be prov
with barrier kerbing, with suitable fammpsamrskewbeledehkir users and ot
persons with walking difficulties.

Island kerbing is intrusive in the rbadpraywided shohldahded noses and
preceded and followed by taperingtapad rmbgkiage tAcievapplied to creat
space for the island and passive tapak<ntossesesttadoe.the nor

Active and passive taper rates for varmusndieadibgen8speddtineectaher refer
to a taper requiring positive aatiohebgpprdoracbreredgof an island while a
taper provides guidance at the departing end.

Table 8-2: Taper rates

Design speed (km/h) 30| 40| 50| 60 | 80 | 100|
Passive tapers
Taper rate (1: x) 1:5| 1:8| 1:19 1:15] 1:20/ 1:25|

Active tapers

Taper rate for painted 1:20 1:23 1:25 1:35 1:40 1:45

Taper rate for kerbed { 1:10 1:13 1:15 1:20 1:25 1:30

As indicated, channelized turning roadwhag segaitéddnonm@las sne and Clas
streetintersections butmay be regjwirtdhdhagheteosdetishreets as shown in
of the illustrations above. In creatisgma ltau 26 mg inmeedway,itas curve with 1
tapers would normally suffice at unsigsadiveldsiendeirsteatseasionst, where
pedestrian refuge islands are requipele tineresadsednbo ttheverder of 35 m
align the pedestrian crossing with dhdhielturcdhsngl heawindayn should be of
order of 6.0 m to accommodate aes8nfy8eillnstiates &igyprical channelizedt
roadway, often also referred to as a slip lane.

Figure 8-18: Typicalchannelized tskamadg roadway and i
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8.4.4 Auxiliary Lanes

Although auxiliary lanes would notnotfhen geoomeetimto deelaiygn of low v
streets, they are briefly discussed asstleyemhan hlae e et®idre af inters:
with higher-order streets.

Auxiliary lanes are added outside theéetbeatipph leone® ttamadt the I«
capacity due to the intersection. @ f@esm lahéesftcand/okertght-turning
even additional through lanes. Figurim@iple ibfuatuncitesryhlapes.

Figure 8-19: Typical intersectiesa with auxiliary lan

Auxiliary lane widths are normally séi@iptdyomaahrimgetrrdhfdo ttanes, wit
asthenorm and3.0 m viewed asaminimum.

Right turn lanes typically have a sthilageéhéestgahage 28ngthwof lef
auxiliary lane is typically 20 m. AssumindanooderatfidMakmpte éd Vi
of traffic signals, the length of thelgnecedinlgd deceOdratiom both ins
For an operational speed of 50 km/hlenlg¢hdeoeleraei dm laac.

Tapers are provided at the start and ema apgpaoaidhaeyndamfesan Aaus«lial
a passive taper is required, while an ateiverteapartiosn nefedexiliakh lar
lengths of active and passivetiapeasdfosiahdnkerlbzmg are giwen imTab

Inestablishing auxiliary lanesyuiteishas seghitad itttaence for sighattupging
compromised by opposing vehicles.tlionthanendntkeettigh side of the in
should be aligned face to face.

-]
8.4.5 Corner Splays —

Depending on the dimensions cfethreesetreessecprog ettty boundariespnay
splayed to ensure adequate sigbtd dosrtamseaams el lustiiegure 8-8 andsin F
minimum splay of 3.5 m x 3.5 0 is kn8i6amedreféetrtresd. More compl@x in
would require more complex cormérigpiays Bk, shewemiphasis rem&nin ¢

sight distance but also takirsgibselifidtestaadtae porve purposes. O
—t

8.4.6 Intersection Spacing o
On lower-order, mixed-use Class 5 Iocalimumeiasccidsesigdatly,is$nrda>q
operational speeds are low thereliadctdbe .netadwtoveonthe town planni
ensure that intersections are not swaidiogettaffécher d)lmaetinters(gctio
generate a queue that extends beyontehse atéxh.udetreamt is cons
desirable to maintain minimum blockfl@@d ghhtso ofOthenorder

Intersection spacing with regard todtrmadfioopmno@gllessoomewiotd play on
order-mixed-use streets, but wherdagarerndedeecttivaebmas o be esta
the spacing between intersections ontshehcampcadmisedul&reen wa
progression on signalised roads would od¢hia e searc ofgs0i0s ta ntoe8 00 |
intermediate intersection should aillsdhleedexrisidereid mithistance of a

In all cases, the various requiremtedistpectEss nmugttdeigthhered to.
reason, intersections on horizontialedurves are to be avo
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8.4.7 Functional Areas atlntersections

In the design of intersections, atteedoonisheopmgpdligafioaspects. Equa
important from a capacity and safety pedntuaftibevali & rtdhaes sopstrleam an
downstream of the intersection. rhpditisntretgpaed,sitrésthat the influence
successive intersections does noegwieelhpgo Drakersilamerous decisions
take several actions in the functioimal ahrea wdraapibedmseen functional a
would increase thedrivers workloaaasreduisihgpficraashes and negatively
smooth traffic operations.

For lower-order Class 4 and Class 5 mudti-lesrgthtreétspsareambamd
downstream functional areas of the ordad. of 60 mis recommend

8.4.8 Matching Grade Lines at Intersections.
Marrying the vertical alignment oWwalge cratrebgeptiobjermatic.

In the design and construction ofhiateosattimpsertidnicseofopensure that no
low spots aregenerated where stormwater could pool.

As mentioned before, the grades at iateocseketionsdwidhohidghpreferably n
exceed 3%.

Care also has to be exercised withrindesse&t¥orog onmorsd,epsgstopping s
distances on such grades are apprecdabdyy highher tdhah oDrgvads also sece
have difficulty in judging distance on steep grades.

If it is not possible to achieve grame  ft 1Br b gor iIetsesr,selte through road s
be designed with the steeper graeietntloc@h ntd@uctosrsssitm gradient coulc
be considered in such instances tp dadildta¢ewepsdingrawdpcorporated in
vertical alighment.

Figure 8-20 illustrates three possiblegnadatd ddse §0 rwntdnt riefggrence given
the second andthird examples.
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Figure 8-20: Matching grade lines

Ministry of Housing and Infrastructure Dke\Dedoplhopmient A




Chapter 8 -Intersections

Part B Geometric Design: Urban Roads

Bibliography

Botswana Roads DeparBomeswtg281Rpad DesigwhimMMatryabf Transport and
Communications, Gaborone, Botswana.

Council for Scientific and Industriay Rese@pats {QUIItRY n Blua tchimology (200
Guidelines for Human Settlement, E&lmRniRge tord aD §oigth Africa.

City of Cape Townrexdiwds for the Planning, Designoantuimamlementati
Settlement Projects i@iCapé ClaoppenTown, South Africa.

City of Johannesiuom p28tle6 B.treets Desi@ityGafidehimenesburg, South Afric

City of Northampton (2017). Urban, Ruraé &tde8 ud Dadigm Gleempbd for the
City of Northampton and Communities ynoHdorpsamptOomy btryit€dt Kingdom.

Committee of Transport OfRitiaks @DUth) African Road Classification an
Manua3 ANRAL, Pretoria, South Africa.

Committee of Urban TransporDraffityiat (193889dmetric Design of Urban
Residential Berparttiment of Transport, Pretoria, South Africa.

Committee of Urban TransparDr@ffitbG 1Bl delines for the Geometric
of Urban ArteridllaRoads.Institute for Transport andeRwordad, Sesuehrch, CS
Africa.

Committee of Urban Transpomr@ffitdibGs2(:198®U)ctural Design of Segmente
Pavements for SoutiNertnoAfrlidastitute for Transport andctoaad, Research,
South Africa.

Committee of Urban Transpormlr@ffitibGs3:198&)ctural Designh of Urban R
Department of Transport, Pretoria, South Africa.

Committee of Urban TransporbDr@ftidddaid @dro9®didelines for Urban Storm
ManagemBepartment of Transport, Pretoria, South Africa.

Committee of Urban Transpo bir ©fftfid TaG s5(¢ 1@8@m.etric Design of Urban Col
Roadepartment. of Transport, Pretoria, South Africa.

Committee of Urban Transpobtr®fftfid¢ Tad sl 0L 9BWidelines for the Geometric
of Commercial and IndWsdpiardt8enetetef Transport, Pretoria, South Africa

De Langen M and Tembele R (2001). Rred uGtivde lamasLfoabPe Castrian ar
Bicycle Traffic in Africa. A Balkema, Maputo, Mozambique.

Dutch Ministry of Transport, Public Wenmkis(2a0h@4uWetioraMandgéenRoad
Design, A PracticutdlanMedistry of Transport, Public Wonks and Water
The Hague, Netherland.

Malawi Ministry of Transport and Pebilgon Mankwusal(Z0L3)ow Volume Seal:
RoaddMalawi Ministry of Transport and,PMbhlaoviWorks, Lilongwe

Malawi Ministry of Transport andMPadbivntc R\beark sS 618692 ) mprovement Manu
Malawi Ministry of Transport and Pubdixci Works, Lilongwe, Mal

Sampson JDW2a0nd:dnts for Roundabouts and ORkeercPsadféic Control
submitted for publication to SAICE,igdahannesburg, South Afr

The United Republic of Tanzania MimittaydoC Womlkum,iclathiomp(2016).
Volume Roads. Mamzahia Ministry of Works, Transpartesn®&aammunicatif
Tanzania.

Wolhuter, K.MGE0M &fric Design of ROGRL HPardsodkaca Raton, London, N
York.

Ministry of Housing and Infrastructure ®&k\Dedoplhopmient Adency



Part C
Road Safety







Low Volume Roads M
Part C Road Safet

1. Introduction
. J
4 )
2. Approach to R

( 3. Factors Affee
Safety )

.
( )

4. Operational

. J

( N\
5. Ancillary Con

|\ J

6. Education ar;
Law Enforcem)

Ministry of Housing and Infrastructure Beévizéopihogpmient




Part C Road Safety

Ministry of Housing and Infrastructure BeévRéovphogpmient AdReoncy




Part C Road Safety

Contents

1 Introduction
Background....... ... i it mmmmnnnaaanna s 2

1
1
1
1

1
.2

P UIrpOS e . . i iitianamnannnnnnnnannnnnanannnanansd s 2
G T T o3 o N o X = PPt A 3
A S U C U B . e et et st s e T D

2 Approach to Road Safety

General. .. P~ I
Sustalnable Road Safety TR VTRV RPPVHPPRE T SRR
3.2.1
3.2.2
3.3 Road Safety Audit and Inspectlon .............................. 2t .
3.3.1
3.3.2

2.
3.

1
2

Safe Systems Approach P PUPRNDZ A I
Complete Streets ........ e 220

Road Safety Audits. AR 122
Road Safety Inspection.s ......................... 27 ...

3 Factors Affecting Road Safety

General. .. T 1 Y I
The Nature of ACC|dents G e B
Typical Factors Contrlbutlng to Accldents ........... 0. ..
Measures for Reducing Road.AccidentsS ...

I

wWwww

Op
4.1
4.2
4.3

A WDNPE

A AR D

General.

2
Q
erational Aspects ©
s
<‘D
Il*

Pr|or|t|sat|on of Road Safety Countermeasures

Traffic Calming.

ffic Segregation ... .,
d Signs and Marklngs STUTUTPUPRVNPRPRVINE N = SR

General. A = S
Traffic Calmlng measures.. PP S0~ N P
Rumble Strlps ................................................................................ A3, . ..
Speed Humps. R T o+ S
Speed Humps on Unpaved Roads ...................... L S
Other Speed Reducing Design .Measures............ .

I B A

General. %8
Road Slgns£8
Road MarKings ... e e s e b7 Smn o
FUrNIitUIe .. iiicnnnnnnnnnamnnnnnennnaa A L
General. .. SRR b= | 51 R
Guard Ralls and Pedestrlan Barr|ers

dside EnV|ronment....................................................4..-.1.1 .........
eet Lighting ...... . oemmnenncnnnnnnnnnmnnnmannnann b2,

General. .. P 3 N0~
nghtlng Opt|ons 2 B 51 N

General. ce g o 5! I I
Requuements for Level Crossmgs
Layout of Level CrossSingsS .oceeeeeeeannannnn. 4:14.........

Ministry of Housing and Infrastructure BeéviRévphogpmient £ /



Chapter 1-Introduction

Part C Road Safety i

5 Ancillary Considerations

5.1 General.... .. i ——— DT
5.2 Public Transport Facilities.wuuuuuuuuwuownwnnwnnawd e ooy
5.2.1 Bus Stop Laybys ... i e 5:1..........
5.2.2 Positioning Public Transport. StOPS.iceccnZie oo
5.2.3 Bus Shelters . ... ... o et 5-3.......
5.2.4 Public Transport Connectividayg with..Residential. Are.........
5.3 LandscapinNg..... ..t ioiiee e i ieeeaaceeaaacaeamaaaanmnanas 5-3........
5.4 Waste Removal ... ... iacaaaa, 5-:4..........
6 Education and Traffic Law Enforcement
6.1 General....... . i m——— w02l L
6.2 Improving Road Safety AWAalrENeS.S . emeniieinn e e e e e
6.2.1 General...... . i mm——— DL L
6.2.2 Education........ .. . eeeoonnimannnnnnnmnnnmnnannnnnnaaa0:L
6.2.3 Publicity Campaigns om0 2 L
6.3 Traffic Law Enforcement...... ... oo, 6-2 ... ...
Bibliography. ..o e innnnnnnnnnn o mmm e DB

List of Figures
Figure 1-1: Vulnerable road users.. &&&&&&&&&&&&&&&E&E & & & &L-1

Figure 2-1: Safety Systems Approaché&& & &BBBBBBBBBBBBBEEZE 1
Figure 2-2: Typical idealised layoutreodta(Cdaas re)R&RUER & & & & & & & & & 2 -
Figure 2-3: Road Safety Audit and Inspec&i@BE&EEEEEEEEEEEER2-2
Figure 2-4: Multi-disciplinary auditngamaassabetygaateemBs&i& && & & & &2 -
Figure 2-5: Adoption of traffic calmisiganpe bendSs& IR QB &1® & & & & & &2 -4
Figure 2-6: Use of edge markings tovempcavecrestd cuafet§ o0& & & & & & &2 - ¢
Figure 2-7: Motorcycle taxi on rural ré&REEBEELEBEEEBEEZEER & &&..2-6
Figure 2-8: Example of poorly maimtadn e@&l&Eoh& et & &G B & & & & & &&..2-8
Figure 3-1: Elements of the road syatkimiocarsd . &R &R &R EE & E&E&EE&&I-1
Figure 3-2: Elements of the road sysiteimioand . &R &EERBUEEE&E&EE&E&E&E&I3-1
Figure 3-3: Factors contributing t& &8 R AR GE&UEE&E&EE&EEEE&EELEEE&E&E.3-2
Figure 3-4: Typical problems encolu&ief&d HA &R &R ERR & & E&E&&.3-2
Figure 4-1: Relationship between fagactidy. Ri&Kk Q&8 V&HELER &&EEEE&E&.4-1
Figure 4-2: Village treatment scheme&&&E&EEBEREEREBEREEEER. . 4-2
Figure 4-3: Examples of (a) wellrdgsigsaiegh ébe {tr)igdnd pwomoble strips..&&&
Figure 4-4: Circular hump&&&&&&&& & & & & EBBBBBBBBBREEE. & &4
Figure 4-5: Speed cushions&&&& & & & & & & &EREREREREREREREREREREGERELEE: &4 - 4
Figure 4-6: Flat-top hump&& & &&&&&&&EKEEEEEEEREEEEEREE&EL-4
Figure 4-7: Profile of speed hump 40 kKit/8 & & & & &&&&&E&E&E&EE E&&.4-5
Figure 4-8: Mini circle intersecddaurcimgethessarspeedhre through-road& & é
Figure 4-9: Longitudinal profilemyf&®& &i& & RIA K & BERVIEBK & & & & &E&E&E&.4-6
Figure 4-10: Narrowing road at pede&d®&&N&&HELINYGE&E&E&EE&E&&&&.4-6
Figure 4-11: Pedestrian crossing witht &&f & §& &8l & & BELZEELLERELELSEL: & . . 4 - 6

Figure 4-12: Narrowing from two to on&&laf&&EREREBREEEEE & & &4L-7
Figure 4-13: Chicane combined with laRk®Bs&&BIDYELELELEEE&EE&EE&E&K&EDL-T
Figure 4-14: Typical examples of tra&f&& &&gr& § &8 ErREZEREEEEEELE & & . 4 - 8
Figure 4-15: Road markings in relatTam o 404)d Q8BNS 58 & & & & & & & & .4-1
Figure 4-16: Example of road marki&& &on& BU& &I& 1B REBEEZE & & & & 4-10
Figure 4-17: lllustration of various& &8 &K & §&BI& REBBBELE & & & .4-12
Figure 4-18: Renewable energy sodrgkesingED vibllagest@ &£ & & & & & & & &..4-

Ministry of Housing and Infrastructure BévRkévphoggmient AdRency



Part C Road Safety

Figure 4-19: Sodium lamp (nearside)&&BR& KRB & Ba& 8s& &) & EE&E . . 4-1 3
Figure 4-20: Signage for level crossingS&EEEEEEBEBEEBEEE &.4-14
Figure 4-21: Typical layout and desanlg&&f& & & & §BVv&EE & & & & & & & & &4 -
Figure 4-22: Long bridge with separaté& &8a& KRy EEEEEEEEE & & . . 4-15

Figure 5-1: Typical bus bay layout& & & & B BEEZEZEZBEEEZBZBESK.&5 -1
Figure 5-2: On-street bus stop layouté& & &S8EREREREEEBEBEREREREELEERERES &5 - 1
Figure 5-3: Positioning of bus stops& & EEEEEEZEEEZEZEZEZEZKEK. .5-2
Figure 5-4: Typical bus shelter desighn&E&EBEEEEZRERERZREELEEL&..5-3
Figure 6-1: Road safety training&&&&&&&&&EEEEEEEEEREEEEEE-1

List of Tables

Table 2-1: Indicative interactions&kdn& &&er &Bady &RBOME REERE & & & & & & & .. 2 -
Table 3-1: Factors contributing to & & Sa& & Bl& & B5& SEEEEEEEEEE & & & & & 3 - 3

Table 4-1: Recommended distance betwW&n&gReed 8VUARSEE&E&&E.4-5
Table 4-2: Key dimensions for speed himipss& Bo& &/&&iv& & SRE&&& & .. 4
Table 4-3: Design measurements for .s R&Rd& BRMEB & &ERr& B BR L& & & . 4 -5
Table 4-4: Recommended road markiogcathemeéth®& &KNa&C&& & & &&& &4 -
Table 5-1: Advantages of typical b&s&&t&Q &8 & &L RON&IY R & KKK & & & . .5 -

@)

>

QO

©

—

D

-

H

5

—

.

o

o

c

@

—

o

S

Ministry of Housing and Infrastructure BeéviRévphogpmient £ /



Chapter 1-Introduction

Part C Road Safety 1-1

1 Introduction

1.1 Background

Road safety is of prime importance foly arld adlambe asn.s Tdred coatsequences
accidents impact significantly on thdenmasiomnfalproccmpaerapnyddmage, loss ¢
earnings or production and hospitalséioatsmjasyltimgathdimipmhyo the emoti
consequences of pain, suffering andhdeatotad Larcfoidtemtasdbtistics in Zamb
common with many other countries, fsbowrolat aleccitie matessre 30 to 50 tin
higher than in the countries of Westech Eouwepedaradéicpidensities. Econo
analysis has shown that this high levedlefitroad aedideti b icf egptiveen 2
and 3% of GDP. These figures highdxgdndimeg inpar teafeeyomeasures to L
in a holistic and proactive mannearasCpoésbeatddanmalhis P

The safety issues on LVRs t
fromthose on high volume roe
there are usually a higher nur
road users present on LVRs ¢
cyclists (including bicycle tax
animal-drawn carts that are
adequately catered for. More
have become a popular form
Zambia and their use has unfo
a high incidence of accidents.
considerations are required
challenge of catering for a mi
both rural and urban environm: Figure 1-1: Vulnerable r

It is also important to recognise thatarloardd swarfledyn esviesn iments tend to
guite different due to the nature mddthsg slteeyoutT bl stheifferent solutions
required to address the road safetffehab ermgvd soimmtdretse Bor example, u
LVRs generally tend to be at theelehigiibrregdrdftoheratfic volume, wherea
LVRs generally tend to be more astctHe.lowEhuwesndtlod tHass of LVR will ir
the level of road safety measure(s) ohaowvwerll paevedqanredinpaved LVR:
whether in urban or rural environmfement algproaghere with regard to t
application of road safety measures suchaff$cscahmgreg.markings and tr

Similaritiesbetween urban and ruralchVassitmelkudldgadpregtgosad safety au
road safety inspections and public nuatsmpesrtastopmoremalthotugh the ext
of the application will be differenvifommrbetis.and rural en

In addition to road design, a rangetbyf tefdueimueyg fomadiuser behaviour i
required, including education, pemiicity and enforcem

1.2 Purpose

The main purpose of Part C of the Manadlpkahmipigp modedeasign rmoractices
Zambia by bringing safety to the foreffeastanfdtieagnneassoifnptla@ country.
so doing, Part Chighlights importandfaesptecda d b afestiygantgirovides guide
on dealing with them in a holistic rand bhotdgltaniveolmareneural and urb:
environments of the country. Part Cdoeqnacbaonly approeridhiatto the spec
needs of Zambia but, also, with a rte cagirkiecianrafiomalnea&ldince between
investment, safety and service level.
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1.3 Scope

After presenting the approach to roat sradedybam eYRigoimmremts in Ze
Part Cthen considers the main factorslolwatdalifecarnrioad safepyefoént:
good-practice measures, such as road sapetgytianditdrafdiecd cadheitygi, |
signage and marking and street lightdegtakieat toored¢gpicealdgcidents on
Part C also addresses street lighting,srandamcidiagys matdtéonrsdguch as
transport facilities, landscaping and lwagsbedesade by, ahuc aftimal and
law enforcement.

1.4 Structure

Part Cis divided intosixchapters as shoavisiraibe &l ve xtleastiviehkiblioc
that provides links to many of the topumsedis Biescauséntthee cdhoapters
relatively short, and theissues iratghyeilaterbvilde doblfticorgthe last chap
document.

T 181deyd

uol1lo9nNpolJluj
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2 Approach to Road Safety

2.1 General

Several road safety approaches aiming adtse staéemable coadf slayeay o
internationally to ensure that the rohdoamviclasmestjnahuddialg resid
streets, are optimally designed to caseinoladlesoaadncsp3afielibh as
Systems Coomuplete Sasediscussed below.

2.2 Sustainable Road Safety

A sustainably safe road traffic system aijusias pnavamtmreggaeldaathrehi
and property by systematically redugskegofhthairechdrtginpgaffic system
factors, as discussed in Chapter 3, araerttimg promathefmeedsByesmpete
limitations and vulnerability of peogdae, bttheaetakifftic sslygtathapted to
maximum safety.

2.2.1 Safe Systems Approach
The concept behind the Safe Systenasroagptoarchp by tt @ ysu el th&) to
human error and minimises casualtiessfoTllhhevriemguicddgapcideip®s t
approach are:

People make mistakes. Humans will
continue to make mistakes, and the
transport system must
accommodate these errors. The
transport system should not result
in death or serious injury as a
consequence of errors on the roads.

Human physical frailty. There are
known physical Ilimits to the
amount of force the human body
can take before it is injured.

A forgiving road transport system.
A Safe System ensures that the
forces in accidents do not exceed
the Ilimits of human tolerance.
Speeds must be managed so that
humans are not exposed to impact
forces Dbeyond their ' ] '
tolerance. System de
operators need to take into accouhunthe biaxdj(silmfdteme'gnﬁ-g a
maintaining roads, vehicles and speeds. N

The four key elements of the Safe SystRmasd bpersachSarfe R d s
Roadsides , Safe Speeds , and SafeFvpeiricbed. ds clomstastetdo ad
road safety approaches that primarily foxwsehbhavioads uskes Saﬂe'_'_ES)ks
approach provides a systematic meth;cndﬂtroemedua:redas:u:ﬁ)dequnt\{njur
the event of an accident.

Oy 0] yoseoisddy ¢zioi1de

Figure 2-1: Safety Systems
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2.2.2 Complete Streets

The Complete Streets Concept aimaldtrpadvucieng spacrddarenvironmen
the car, pedestrians and cyclists in ldusegaeghtiadFingureer-as The conce
thus has a positive impact on urban Ilvad s@béetpletayDtue eltsstanre cover
in Part B as well as in international manuals.

Figure 2-2: Typicalidealised laynualodteaekdac@l |aessi b

2.3 Road Safety Audit and Inspection

The undertaking of Road Safety Audits JReSAloasd(ReBda%afertitical to er
that all road safety aspects are incorpdratednicgptaom thaonghinée projec
life cycle as illustrated in Figure 2-3.

Figure 2-3: Road safety audit and inspecti
2.3.1 Road Safety Audits

General

Safety should be given specigésatdenhieomoatdadle sit@gn process. Zambia hac
an effective means of achievinBotddsSgdatyb A wsiesofRSA), which provide e
procedure for assessing accidepgtppoft@mier candn stdafe road network. The
safety audit assesses the operation of we rofadlfroomadheseesspgactuding
pedestrians, cyclists, motorcyclistsictrtuak/dpuosrtd visrerrss,, gtch

The main aim of an RSA is toensure thatoaeceabatyy lpave ik eems thkren int
account in the project design and sushainmed uhabioghoflititsheperation. T
means that road safety should be comrsitdeeegrahgoughole, threm the plann
design, construction, pre-opening ahdtheuriomad.operaRBoMm can contribut
significantly to the effort in reduweimgetbt acskdemftn.ccu
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The RSA should be carried out by an
independent auditor, who is not involved in the
design or in the construction of the road. The
auditor should be a qualified individual with
expertise, experience and training in road safety
engineering and design. Road designers apply
quality assurance techniques to ensure that all
aspects ofroad design have been incorporated.
However, whilst this activity includes checking
on road safety issues, it is different from anRSA,
because it is not done independently, which is of
paramount importance.

The cost of an RSA and the consequent cost of

changing a design are invari Figure 2-4: Multi-disciplina

less than the cost of remedia assessing an existing road

the works are constructed.

Planning @)

It is often possible to improve roadmnsafkéylyhbtalet@risitocexata cest, |
the road safety implications of desigphaand ngostadgerehads thquir ad
to a number of key principles inheoesndei ahd desndargs of thiscMan
well worth stating clearly. They are: —

Undertaking appropriate traffic counts C_E

o Ensuring that traffic counts are also NaMEne od . npetde s rd benss a
bicycles and animal-drawn carts. Suahluiehsoirai aimno p | an'it nioge
aspects of the geometric layout of eémewidalds.such as should

Catering for all road users >
o Includes non-motorized and vulnerablpedeadriassrscgoBistsa
motorcyclists, disabled persons, animal-drawn carts, et&@
o Has implications for almost all aspecitrsg odaroeady elve a yg wrdithc,
shoulder design, side slopes and side drains. o
. - . Q
Creating a forgiving road environment o
0 Forgives a driver s mistakes or vehdnte pbasidulyke twit@te
significantly increasing costs.

Providing a clear and consistent message to the driver
0 Roads should be easily read and ungreacsto odob yp rersgat st e
with any sudden surprises. Py

Encouraging appropriate speeds and behaviour o
o Traffic speed can be influenced byha&ltecang tbe ekcamkppéf b
providing clear visual clues such astreteameing ahenshé®idg

prominent signing.
| | n
Reducing conflicts
o Conflict cannot be avoided entirely Hasigan brecrnedinge dt ge!
junctions or channelizing pedestrians to safer crossing@oin

0 Ensures that demands beyond the driveemetamliabte}'dtupn@’@e
driver.
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Design
The geometric design of rural and adbdeasseddin, Wdricsh A and B of the M;:
deals with the technical aspectsnotie@lshgnwHbwewNrRrsafety,tshe road safe
must be incorporated as part otirimg dbeeigevoxlicepmandt of the detailed de:
the project. Generally, there mrefrloaede deaignawhech have a direct effect
safety:

Road alignment (horizontal and vertical)
Road width
Sight distance

The effect of the above factors depierftiseoanetheir combined

Horizontal alighhmerns one of the factors weadshot ortriclieshells@egreater th
curvature (sinuosity of the roazdlowededheespleral, ttdnds to be, and the lo
speed the safer the road.

Accidents may arise where straogpht sectiolswesdtibey sharp bends withou
warning to the drivers. In suklieedsemmfardailvler twalvellingspeeadrelatively |
on the straight sections, and ghesehargpnbemaspwdkled hazard. In such a
typical safety countermeasures blreab ambufidazsplpleannd effective include:

(a) Increasing the radius of curvatureoofmba@asé aax philgdred sp aed.

(b) Adopting traffic calming countermestsuges,rcad hham pruerbderoad
signage, to reduce the driver s speed.

The above options present diffemtntevesssodredfdidtfi’eness.itdeally, a co!
analysis of the two options shoudécheéeunn ettt@ kgne fterred option. Howeve
practice, there are often insufflici®e mtndcazcdeddndtanalyses on LVRs on wh
such a decision. Thus, a pragmacibeerasiomnakihlghaveount of such factor

the severity of the problem;

ease of implementing the option; and,
importantly,

the amount of traffic likely to use the road
over its design life.

Accidents tend to occur when speeds are high and
the circumstances unfavourable. In the example
opposite, the curve radius should be 850 m.
However, because of the high cost of improving
the curve, cheaper measures have been adopted
including the placement of two sets of rumble
strips on the approach to the curve, followed by a
road hump just prior to the start of the curve, and
the installation ofa guardrail.

It is important not to locate the road hump too far
away from the last set of rumble strips, about 50
m is appropriate, so that the driver does not have
time to start accelerating after the last set of
rumble strips before decelerat pijgure 2-5: Adoption of traffic
over the road hump. before on sharp bend
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Vertical alighhikhenhorizontal alignment, this faadeosmded.cbner glre atesh
the rise and fall of the road, the hxwetrheheafpedtieandadeunless the
the summit (crest) vertical curve suwffedssframcena&decuatseisiation wo
give rise to possible collisionsbéewedypinabmonugteemeasures would

(a) Increasing the length of the vengtittad cuegé dfy thattemve. This
incur earthworks costs, the extent of wihéckhe wotll o fdtdheeredtical ¢
required.

(b) Adopting traffic calming measures,adusigraasgeumbder s ard pm a mloi 1
to reduce the driver s speed (see Figure 2-6 below).

The preferred option would be badettheomocinb echeerfatiosswes discussed
relation to inadequate horizontal curvature.

¢ 191deyd

Figure 2-6: Use of edge markingstyoompeavicabadesafcunvegs

Road wiBbe:d width has an impact on accidemtgleilskrhylya,fftélcetiwmgpeb
road, the higher the speed and vwer tbesag a.ck,. tthee lmawreo the speed. |
international studies have shown thageﬂue‘lfadlynhb(yvevviajd)eLt\ﬂRrssﬁety
than too narrow ones. The key questeartlyswivdleat VR A Bhudéficnswer t«
guestion depends crucially on theaestriagetdadteuvachieornsf(head-0T me
per day which is reproduReadt Ae | Gw ofmaeemric Desig(nT:aBLHaZ-R)oadso

>
Table 2-1: Indicative interactions/km (per day/hour)

—+
AAD] 300 100 o
Spee Avg. Interacti Avg. Interacti Py
(km/t per D| Per H{¢ Per D| Per Hg @)
40 46 3.8 5.0 0.4 Q
60 31 2.6 3.5 0.3 Q.
80 23 1.9 2.5 0.2 W

As clearly shown in Table 2-1, manIyV\ReﬁhWilldsonrla/vedalriy\gndnequegily r
opposing vehicle. Thus, the needcbarnoverdéyjwdti¢iedaarsd shouldybe
based on the road standard (LVR1 toahd/ RY¥erage¢i viphitelé Apded+o Ve
length of the LVR or, at least,tmajon skaztibasiofthtatithe road WKdths
way plus shoulders) have been deterodasese sforf théRwadPsptrédssented |
Geometric Design: Rural Roads oQilsapter 5: Cross Secti
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Where the incidence of motorcycles lalred SNMEsrex dmghe ndread for all but |
lowest design class and will normally alpe wayed waeadthkpaatrfrom the
structural function, they are also ietahcadety pemtdronsesvuch as:

To provide additional manoeuvring gpaseifinatoan sand towfdic flows.
To provide parking space at lreasdepmaaylyoofbrnhleeaoadown vehicles.
To reduce the tendency of non-moltomsthe tcaffiagewtapye

Sight distaimhe:distance has, together with roaddwsiatétyarBomp adttbase
factors should be adequate for the stanamed dwvdrreogeed { riaadlic p@ddT gxpecte
on a LVR. A combination of narrow roasiighdthistamde madetgbatavoided ¢
consideration of such measures as:

Widening of the road, especially at sharp bends.
Adoption of shoulders, especially weHsreftN&re wserbigh le
Adoption of appropriate traffic calming measures.

The preferred option would be badetheriscarsiddsationed above in relati
inadequate horizontal or vertical curvature.

Motorcycle sldfiestytopic deserves special attentienascocemmmotanadycles a
popular means of transport in Zambia andhien mamenagans obrisaitspert.
However, motorcycles are also a dangiercosmmerassnowitrlamipertmotorise
means and need to be specifically esiterepdrdoesksurHavitihg@ anly two whee
contact with the ground, their sncaibrsiaed lac&riofagroge makes them m
susceptible to loss of control andppst®emgevasratagme aheirrisk of serious

Injuries suffered in accidentssionoiduiay matsrayelenore sevege than those
other modes. Poor road user belavéswlt géredaldky ak training and a lac
enforcement in rural areas, is thibumosy taaoronn cmatorcycle accidents o
roads. Speed is widely recoghized acaa keyffiiclkadacdentssporrtall forms of
On low-volume rural roads, motaeayalet sipigdhdsbatespéed-related motorc
accidents do often occur. Unevemoadssaffalte ,uhpeasve dravel material, po!
dust, corrugations, ruts, etc. grelkhtdy accidagsts wheh motorcycles and bicy

The following safety measures are coasid absod émspd ettgynin e@saires genera
applied:

Speed humps must be properly designed not
to create obstacles that can cause a
motorcycle driver or cyclist to lose control.

" Avoid the use of sharp horizontal bends to
minimize the risk of motorcyclists either
running off the road if approached at too high
a speedor collidingwith other road users due
to poor visibility. Widen sharp horizontal
bends as a safety mitigation measure.

Adequate road width is critical for motorcycle

safety. The road must be wide ennunh fnr a

motorcycle to pass a four- Figure 2-7: Motorcycle ta

safely without being forced to leave the road.

A minimum travelled way width ofoa.d otacs (h& Rdywdstrecommended

" Road shoulders must be regularly mainithiime ¢ uof eces.uTd ea sstadelders
as with the travelled way, should beofteel efspomovreggaatoon,rutting,
loose gravel, oversized material orfasdeéspefiewhcearu-sedat By the use
substandard (very plastic) materials.
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The slopes of the shoulders should fptetemadily oeattchgenadayo It
recommended that unpaved shoulders shodd dhfa&% alo@e.imum c

Construction
Special measures must be taken to ensucedthieng adenpassadgenq fincd @f

Adequate signage to warn drivers sufftoiestiycitioamdzranee of the

Deployment of flagmen/women and/orid¢odp edealtigretm atrc gkion o
movement of vehicles.

Temporary speed humps.

Watering of unfinished works and detoswsri®no minimise dust emi
Protection to project workers.

The measures to be taken by the coatibictbrimtédencomaddaytsgocumen:
must be adhered to.

2.3.2 Road Safety Inspections

General O

Once a road is fully operational, Roadm&iafeby lkespecdions ¢R Salmyon ¢
basis to ensure the safe performance ed thiet toatdeRSfy arzffcajhiaz
related to the road environment chapaseeristtecge anid nto tp»rcmit-'@ate
detected hazards. Guidelines foroRShspiarcbunder omslpseatedy elemgnts
guality of traffic signs, road markingace wdlatywotethssiccadadegupcy
distances and the absence of permanent oeséeameortryo adsitdhe Hersaff
hazards, etc. N

It is important that a systemuseettatb I nfoechaticengathered dkiring RS
into the RSA guidelines. PrefesdlyldhieeR&ArizndoREIby the samepper:
a formal feedback system will tanbaral th@morg isshiot lost witheshe «
personnel. -

The RSI will be instrumental for thenitdehtiBilaaxtio8potspoand fo_‘prc
feedback to the maintenance organisaatﬁloemioinni,satsedi&:lc:a'sme&céd)emow.

Black Spot identification and treatment O
Black Spots are places on a road thatgareusohetdearsed doc bde niEsh ten
occur much more frequently, for whatd\eeroredsangetmamlo BIacL_ Sp
normally identified through the analysisscofilactedeby dilaeaPtchIaitd:% Th
community can also provide informaitémnofeg@aciddegtshe locat

A
The situation at the black spot mustmbet ammiyspdiadadcohemtermeas

identified, e.g. speed reduction nheeasoaesatwhoeziogtalf curvatuge, p
of NMT facilities such as walkways andcapiaae offo p bbb ¢tiycc te atr s pidLt, $0
safety at drainage canals, pavement relected causes for accide , €
Maintenance wn

Regular maintenance of rural road inbtlastgsi cteelifietodntlyepr®ad
importantly, ensures that safety hazardsomseamihishéze ¢ e llowsiTaak

maintenance could affect road safety: 2
Vegetation growth at intersections and sharp curves. <

Tree roots damaging the pavement and.causing traffic to swerv
Potholes in the roadway causing the swerving of vehicles.
Gravel roads with uneven ridiey, sorffagatiomseugsavhigh dust emis
Faded, dirty, damaged, vandalised or missing traffic signs.
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Blocked drains that could cause flooding and slippery surface
Faint road markings, especially theHomp®f visibility of road
Damaged bridge rails and guardrails.

Scoured road shoulders (edge droppt eeseecodllyt cat noghs. t
Lack of maintenance of breakaway posts.

As illustrated in Figure 2-8, f

adequate road maintenance

adversely on road safety in th

users, particularly cyclists, |

animal-drawn carts, from usit

when required to move off the

coming motorized traffic. Thi

must focus on keeping the

serviceable and ensure that

purpose and design of the ro

Maintenance programmes cal

incremental improvements ir

through simple low-cost atten

condition, barriers, signs and Figure2-8: Example of pool
distance and visibility cons concrete strip road
debris.
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3 Factors Affecting Road Safety

3.1 General

Because of its multi-dimensional natudes cwsadge d aifre tiy cclaniroat dfea nu
of related factors. As illustrated ynisilgnke @-tlo,, roradl indfeénced by,
factors including road design, roadteoasttraicananrelaaeddnpavement re
condition, as well as the road enviedmawendrand road user b

¢ l1ai1deyD

Figure 3-1: Elements of the roadnaystemdatnodneperatio TI

Many of the road elements and operatioirmaérceraiiadonﬁoarexal?_’gle,
ilflustrated in Figure 3-2, overloadifhlgemas am ipapemhamtt icnondit"_bn F
influenced by enforcement, while rspec biynghis adad gefdbueetry an5 tra
enforcement. Both overloading and esperednifbuenceauon, shdety in ter
accidents whilst the environment, coeupdede withndlredmappliedy afl
pavement condition and, in turn, road safety.

g buliosyly

Figure 3-2:Interrelationship betwee o p®ratieeanh emtsdations ©

3.2 The Nature of Accidents g_

Road accidents, including those onrddiRsgbdecagentermd youhe multi-ca
nature, involving human factors, the vreotaid|enfleicbomsernithapdare Wore
caused by a combination of these factpps¢cawliyhcbuotrabufarcdotrcs aflest
95% of all accidents, the road envimdornrmehbndlesbabto 28%B % ams Thow
Figure 3-3. @

—

<
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Figure 3-3: Factors contributing to road accidents

It is apparent from Figure 3-3 that ¢o&ckdiorg rotead stadbelegpngequires proact
strategies that treat the main contrirhaninfgcftoatoirs.cGmeerhed with the
general and stable reactions of commoh irdberdtifigienre reonadd doehaalisa atig¢ristic:
that are not according to human thrthehefdrléempovehdesl ypndtrigger accide
A road should confirm what driversusxpape basee anmdpsdwiold present cl
clues as to what is expected of thenardfviloéastceexpeobdeime are likely to
which, inthe most severe cases, marefend, tthea odijkecriige Tiketo design
road and its immediate environment doaiveatontere threetvemntdon of acciden:
and to a reduction of damage potewtuiml when accidents oc

Information, training and traffic lawibofertemmptowildigclomman behaviou
but the physiological and psychologiaddraessedtstha@amgdnliynpreoved road
design.

3.3 Typical Factors Contributing to Accidents

The following are typical contributinghdacoccurtoomdcVResntroads where
vulnerable road users are put in a high-risk situation:

" Inadequate planning and designing for toodadesabeatyindlesiion pafrt
pedestrian and slow-moving traffic isetqaéfit fSautvueg sto amékec@moper
account of the operational environment.

" The provision of relatively stgeeépcambers, typical
-7% on gravel roads, in order to shed water off the
road. This camber may provide little difficulty to
motorized vehicles which tend to travel along the
centre of the road. However, itan be very dangero
for cyclists and motorcyclists who often carry very
large/heavy loads and, as a resilyt, are unable to e
manoeuvre out of the way of fast-approaching traffi

" The right-of-way outside the side drain may be

obscured by vegetation and buildinne Inench
situations, there is potentialdpse Figure 3-4: Typical p
risk to pedestrians, particulardy encountered on rura

there is little warning to moto
pedestrians or animals decide to cruss wtne roaua.

" A combination of poor motorcycse cdriaethkeelhses iouimappropriate spe
and poor road condition, such amsy asprdacele @ awrs sigp plee motorcyclis
lose control.

Relatively fast-moving motorised traéfdcrcadn sptang foithlisiower-
moving vulnerable road user modes and pedestrians.

A comprehensive list of factors coentsbistliirsgetd imoddklecidl below.

Ministry of Housing and Infrastructure Devizéophogpmient A dReorecy



Part C Road Safety

Table 3

-1:

Human factors

Road environment

Vehicle factors

Misjudgement, overt|:
inattention, distract

o Untrained and inex
drivers

o Distracted driving,
use of mobile phon

o Driving with overlo
motorbike or car

o Distracted walking,
mobile phones

Jaywalking or walkir
roadway

Speeding
o Inappropriate/exce
Drink-driving and dr

o Driving under the i
alcohol/drugs

0 Intoxicated pedestr

Negligence by drive|
pedestrians or cycli

o Non-use of seatbel
restraints or helmet

0 Sheer disregard/lagq
knowledge of road
and regulations

Fatigue

o Driving for excessijl-
periods without ade

Poor road design
0 Inadequate road cap

o Failure to separate
pedestrians/NMTs fr
motorised traffic

o Inadequate sight dis
particularly blind cr

0o Sharp horizontal cur
immediately after a

0 Sharp curves requiri
reduction in speed ¢
20 km/h

0 Road geometry that
encourage and enfol
reduction of speed ¢
sections

o Inadequate road sig
markings

0 Hazards close to the
road

0 Animals crossing ov
onto the road

o Inappropriate choice
surfacing

o0 Unmarked changes i
surfaces (particular]
to unpaved)

Poor maintenance

o Deterioration of surf
pavement structure
o Deterioration of roai

markings
o Deterioration of pas
installations

Unroadworthy vg

o Poor brakes, n
lights

0 Steering defici

3.4

Measures for Reducing Road Accidents

Factors contributing to road accidents

] sJ1010e4 ¢€Jualdeyn

for reducing the incidence of aaddphnisn tbfologh ctdiet engineering me
hazardous locations. Howevera idysteasaetisad ptrioatch is adopted'_bo i
contributing factors of road aocodkdnappsoptiiatetheeatments are—sele

implemented. >

Although LVRs are inherently dqowetradfec dwdutnetshethere is signgica

There are a variety of measuresifbantedwacirdgsmwussdtsad in this chésater,

The undertaking of road safety audits «and road safety insp;pcti(
Adoption of appropriate traffic calming measures.
Traffic segregation of NMT from motorised traffic.
Appropriate traffic signs and road markings.

Road safety education and enforcement.

A1ajes peo
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4 Operational Aspects
4.1 General

Speed is the primary factor in most vehicle
accidents increasing both risk and
severity. As drivers move faster, they have
less time to respond to road conditions
and any resulting collision causes more
damage. As illustrated in Figure 4-1,
vulnerable road users fatality risk
increases dramatically when speeds are
greater than 30 km/h. In the case of side
collisions and frontal or hard object
collision, these risks increase dramatically
at 50 km/h and 70 km/h resource: World Bank Road Safety Faci

In areas where vulnerab Figure 4-1: Relationship betwee

come into conflict with ot and vehicle speed

will be a need to introduce appir@opraateotpeedoad satfety measures to
this situation. Such measures danhhbesalgxliek thseuaf traffic m@age
other techniques to improve traféire by eretade ssafred road networks:

Typical road safety measures that may bedadlotpatedehrviknonhneumtsgncll
Traffic calming
Traffic segregation
Road signs and markings
Guardrails and pedestrian barriers
Road furniture
Street lighting
Roadside control

do ¥ 191

The general approach is based upomwﬁt—:ngougrlnciltailolryinf‘:jtﬂnreinf(c)ilples:fD
Reducing speeds in built-up areas mrcabbarstially hazardougl
Segregation of pedestrians, cymlkdsisgatrdafdtbedrosrhowther movkng \

4.2 Prioritisation of Road Safety Countermeasur@s

Although the prevention of lossaofalgéetoimpjurpestandndorder of p:iori1
be the guiding principle of road slebbagntheh e osstta ol Bacempting t@g_ach
goal must be balanced against the beamehitrsa sl retetrankaliisdrnead qestee favo
cost-benefit ratios for various trafficiabigtyhmeasatecss aud fovapgach
traffic levels thanthose found on He/RsthThalsgldhéose madiW muchyit is
spending on road safety improvementeimtdowotraf¥iRsethlverdoomumg sh
therefore, be on the application ofelovo-acdh stafbtuy mfdastires. D

The process for prioritising and setechirgsucad $afeitmptemmnt®tion
range from a quantitative benefit/coyttoadaigualatatipmeer matiimg proCess
for example, high, medium and low frahimgsoufhermpeasase evaluatiol
prioritisation is to review the poteratndl scedentettmreemoistefeasible one
criteria such as:

Anticipated safety effectiveness

Construction and maintenance costs
Environmental impacts

Stakeholder input and community expectations
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In practice, in view of the relatthedyelomeramtbensoor LVRs, particularly
LVR1 and LVR2 classes, the more expgriveteymeasdresafhigysatdt not b
justified on an economic cost-benefit basis.

4.3 Traffic Calming

4.3.1 General

Traffic calming typically comprises tbhet phsesicfah me mdblnagiomat can redl
the negative effects of motor vehetleviove, alndrtdeinedory improve conditi
for NMT users. Such measures focus onsed¢fdeaifogcipgetdaffycusagineerin
techniques or through road design.

The application of traffic calmiffigctmeaswagstos comteol speed. The prot
connected to them are normallyedg.e the pthauam pcse sigy ,be too high or too sl
both, whilst the rumble strips mmgorbectby spigbedror both. When usec
combination with each other, thenspracshqlsotWweeapphropriate. Failure to c
these shortcomings can even gemespeciadcdttemttsom muust be paid to their
and, during construction, to thesn dmainargdunMlyichumied to avoid ponding
heavy rains. The designer shouilmteomstubtned cto g fifisedalming guideline doc
some of which are listed in the bibliography.

4.3.2 Traffic Calming Measures
The requirement for the installation ofstraafpiléesatmibgtmeasalrand urbal
environments. However, the mode dfy adpflecaniton is normal

In urban areas (including throtthgh vbhagets avbidiefimed as urban ar
the aim is usually to slow downlev¢anal e stveadcepdad limits and to e
that this reduced speed is maiangimedfthhre ugladhesdction) or street.

On the open rural roads, the aim is diwcdotheirvesipietas bteof orre
encountering spots on the road whithean® rmodldieaveikbiddgorpeed (du
to the high cost of doing so), owith frtdretr afo adrsctions

In a rural environment, a gatewayo chr Heivusesdthatsifpeyl are entering a
speed environment. The village trewatendn? sshiemprinaipglie no different
an urban street, with the same type of bothsuasessbelihg askyd differenc
between rural and urban in this regsaedtisghtdatere sheouneamd for a gatew

Figure 4-2: Village treatment scheme
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Generally, it is desirable to apply tradfeascatméng hmorazomnéesl isight d
isrestricted because of sharp bend&s ah e tethesre heceet corfs coumter splays, |
close to roadway edge, or other lineidsnghédcsboald btdhhecronsidered |
pedestrian sensitive areas such as schidplfaclididae ssholpsicsoamdugae
centres.

Measures that are considered dppre puiratle afod Lbowanoroads and include

rumble strips
speed humps, speed cushions, flat-top humps, speed bumps
mini circles (urban only).

4.3.3 Rumble Strips

These are transverse strips that arehpliacediacrossosteeisottod allert mo
of a hazard, dangerous road locationeonr sprexti@leatregtuiorre,s bty caus
tactile vibration and audible rumdliog,twitdoivetht® meduce speed.

Rumble strips are typically used in the following ways:
before a hump, speed cushion, flasddpihghypooritbwombination, |
driving directions;
. o @)
at an approach to a dangerous junction; or
to give emphasis to a warning sigm,deog.abeafdadlwawharpsts%g. <

humps, flat-top humps, speed bumps, speed cushions. o)
The following principles should beuoblslerwadipsshen using r g
They should be placed in groups of 3 5 strips. —

The maximum thickness of the strips ($hailﬂ)sbdﬂigﬁemmhalrﬁtﬂm$ co
be a hazard for motorcyclists and,nimeeertreamel ysigeaerentgruve hi«

The strips can be of varying designsdaVNodenanrd Wl atl 60 O0mmmwivd e
The length of the strips shall bedima@ttivé stheo wbdcheadr,sinclu
The first (or only) set shall be platted fBa)zmdS(Cé.rg.baefmump-g

A common problem is the constructioassfvetiyipsighaanaresegve as.an |
to road users who then tend to avplid tthéme fthghlheine Fagure 4-3,"the
so severe that vehicles are forced gotstopobefoveratthemptin

S1099dsy |euoOl

Figure 4-3: Examples ofwell deslgrdeksidrétd arighgpoumble strips

4.3.4 Speed Humps

Speeds humps are the common name for ga dawclgsotfthataifse w@lmiia
deflection to slow motor-vehicle tomffoctdlylenakidgivie over them at e
speed and thereby improving road safstyncowndeétioimsuldarhatng, fla
hump (speed table) and speed cushions.
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For the purpose of this Manual, bome forleomwsed:descripti

Circular haipams the whole width of the

travelled way and are designed so that
vehicles can pass over them at a low speed
without having to come to a halt first and
without undue discomfort to the drivers and
passengers as well as damage to the vehicles.
Different designs can be applied to allow for
different speeds, e.g. 30, 40 or 50 km/h. Figure
4-7 shows the design allowing a comfortable
ride over the hump at 40 km/h. Openings
should be provided on bothsides of the humn
for stormwater passage. Figure 4-4: Circular h

Speed cusdiensircular humps that are
designed to be slightly wider than a car, so
drivers need to slow down and drive over the
centre of the cushion. However, the relatively
narrow cushion allows unimpeded passage of
large vehicles (e.g. buses, fire engines etc.)
with a wider distance between the wheels
than small cars.

Figure 4-5: Speed cus

Flat-top hgalps referred to as Speed
tables) are speed humps with a wide, flat top
to accommodate a pedestrian crossing. The
width of the flat, middle section varies from 3
10 m, depending on the type of traffic. If
large buses are using the road, the width of
the flat part should be a minimum 7 m to
reduce the pivoting effect and discomfort for
the passengers.

Flat-top humps are wusually designed for
speeds of 10 km/h 20 km/hbelow the speed
l[imit. A modified circular sh Figure 4-6: Flat-top h

similar to those for circul,,,s, e Veadirek
recommended. ource: Vegdirektoratet (Norwa

Speed buargs essentially the same as speed hutipsalbut they al
constructed higher and with steepefroupi/mgpwahriziemsstoticwosne to a ha
before crossing over them. Speed buarpic «clamrlpeh pesatidicuwsihocation:
such as on both sides of level railway crossings.

If properly designed, and supplemeim@digintd, dmpde countermeasures are
the most effective speed managemel¢ mlaxewd o tloaw ¢olume paved roads
are very effective in controllingr dpseddaepem@ilnmg/bn their pgofile, withou
significant discomfort to driverdaanage a®seebhiecrie,so Unfortunmtely, howeve
poor design, this is often noenbdedcab¢eanidahef itteir use csio®t attained i

In an urban environment, includimgnvidiagescettheetwaden speed humps sho
as shown in Table 4-1, to ensurécktdatdonosobfexlceeddehhe desired (and p
speed limit.
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Table 4-1: Recommended distance between speed humps

Speed li Recommended distance bet
km/h humps
30 + 75 m
40 £+ 100 m
50 + 150 m

Table 4-2: Key dimensions for spesgeledmlpmifier various

Below are shown examples of speed hsnspeedk simntesd for variou

Speed limit Radius Height Length
30 20 m 0.10 m 5.0 m
40 53 m 0.10 m 7.5 m
50 113 m 0.10 m 11.0 m

Table 4-3: Design measurements fordpeed hump for 4(0) km

Modified circular hum

Figure 4-7: Profile ofspeedhump 40 km/h
Source: Vegdirektoratet (Norwa

leuolleladQ ¢ l1aidey

A key requirement for installation afuspeeds haundgsatspoepediumps s th
are properly marked, preferably withotleesmop lalsdictipaynare visj?ble
drivers, particularly at night. Fadiurtaito the swoaré&nrdg towml creaté haz
may cause accidents rather than preventing them.

si120ad
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Mini ciredesessentially raised circular

islands constructed in the centre of

residential street intersections. They

retain all of the standard features of a

full-scale roundabout including yield on

entry, deflection, flare and a low design

speed, but are less expensive to

construct. They reduce vehicle speeds by

forcing motorists to manoeuvre around

them. However, they must be properly

designed to benefit pec Figure4-8: Mini circle inters
cyclists. speed reducing measure on t

4.3.5 Speed Humps on Unpaved Roads

Although traffic levels on unpaved Inoadesdinovbléalpersegeahanabn paved ro:
traffic speeding, combined with dust reomiemiofims, wariec la appjraorp piate traffi
calming measures are also required. Sipdb, nsémslarre 5o atrleq siem pornpaved ro
in terms of signage. However, speciadnmtoas mrieesd nreoeadd tloulnep saikn the gran
substrate so as to anchor them andahimowiezeethteumderikzioen action of tra
(see atypicallayout in Figure 4-9).

+/-150 n

Well compacted subgrade ("e 95

Typically4.0 9.5 m

Figure 4-9: Longitudinal profileuofipa circular speedh

4.3.6 Other speed-reducing design features
In addition to or in combination witbhthlee dboeveennieastwres following the

Complete Streets concept, can be beppdwed, asexemplified

Chapter 4 Operational Aspects

Figure 4-10: Pedestrian crc Figure 4-11: Narrowing roe
island crossing
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Figure 4-12: Narrowing fre Figure 4-13: Chicane cor
lane landscaping

Source: Vegdirektoratet (Norway) Handbok V128

4.4 Traffic Segregation

Where roads pass through rural settlemstatstial caobélncaressallsu @ x
between non-motorised and motorised trafifiporanmdadfteafgptysproblem:.
situation is exacerbated when these roats aieical spl acse ¢ exdse § gE@amS
considerable risk of personal safety torafdsd-mlaviguge hm at csriitsiead4-0 n,
segregation of these different modes cuédua:fefit:heaim(sii@mritieamftl%cide

Various means of traffic segregation camgaocxddsittsreén foratedud u

areas. These include: g

Demarcating areas where pedestrians cagy wsilkg (eedativi@ew e
inexpensive bollards which should hlaae hOdianmetreototfolesxjgang
motorists during an accident.

Channelization of pedestrian traffic thrh)ejgshidreavilldhlga‘rempéhaati
travelled way.

©
Providing segregated footpaths on watrhewc dnrideggesway rilaxnucbal-a
peri-urban areas, to offer safe access for pedestrians. —

Providing sealed shoulders where anste groesgsabée. footpath iﬁ
Providing bicycle lanes by allocatiyad emaotr dofy ab udledd ntg cbff-gb‘ad

Providing a separate, protected footpath on bridges. S

It must be appreciated, however, tlatdbe ialtogasopgi@ams areed t&be
on the basis of a cost-benefit analysis Aisieeitseation df2Rakhdvé&af
Countermeasures). >

Typical examples of the above traffists®ewneiga ioyu op tiohs. are D

s1o2ad
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Segregated footpath off Segregated footpath on na

Segregated shoulder usin Segregated shoulder using

Figure 4-14: Typical examples of traffic segregation

4.5 Road Signs and Markings

4.5.1 General

Road signs and markings are animportarRsrogdgsaderty henalt yrreo i ilng the
driver with the information necesstapy itot 1 @goh aazterdomnéliocations on the
network. The installation and preserviagsomepiressgns arsdgmidrkant financ
investment for road agencies, both thhuspphe armdumaicoaatinant necessity
road signs and markings on LVRs, othequihaan bggthl@atBoyadignaffic Sigr
Manual, must be fully considered in asdeoft@awaallad lep bindwrets.

General guidance on the applicationiaofdranfithesigasicma meadk network
Zambia is provided in the SATTC Roadh&raaimd i%idNestibm@aalu &luadalines fc
Road Traffic Signing. However, suchaptuedatoc¢heeeasuioe me mtd of LVRS
order to achieve a balance betweenctheeoests arfdtisaifre gy plfifeation.

4.5.2 Road Signs

Road signs provide an importantbno pdowvadény fassetndial information to dri
their safe and efficient manoeherimajirmonyiphes rofadighs that are used on b«
and urban roads can be found in uide |lZmaexsb farNRoi@dh dlr&ffic Signing and i

Danger warning signs
Regulatory signs
Information signs
Prohibitory signs
Give way and priority signs
Signage is especially useful on rurald gmevé&inmgsadcammivereerapplied. |

particular, warning signs should beapeovndkedpechedecthearges in the driv
conditions, for example, where:
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The geometric standards for agphrttaoiel dreelmchaorfgred along a Se
road, for example, a sharp bendpfatheddeard n@anrrawingexpectedly
downhill gradient;

A bend occurs after along section of straight road;

There is an unexpected school cseérsgng or rail level cro

A drift or other structure is notsdbeardysvdaidede drom a

The driver is approaching traffic calmingumesasures such as sSpe

Where theftof signsand vandalism is a opwobd eme,asamesomh afieb éodlpplie
to reduce this phenomenon:

Welding the nuts on the bolts.

Using large concrete foundations.

Drilling holes in the sign plate.

Use of (composite) plasticoraluminiumsign plates.

Applying a clear protective film gsoralpengi g fto fptlreeveatour film.
Filling signpost pipes with concredetsrusing plastic signp

4.5.3 Road Markings 0O
Like road signs, road markings also Fsraimt@efancrtrrmanantenoarﬂp?e

Delineate the pavement centre lideedwbsere applied) an 'O
Clarify the paths that vehicles shouddvfeodlowr ginLViRes.ase at
®

Indicate the alignment of the road btysthe use of marker POS,
The types of road markings that carbd® rosedls onnrgealeaald are aﬁ fol

Longitudinal markings (Centre-,lane-and edgelines)
Transverse markings

Pedestrian markings

Worded markings

Arrows and symbols

Marking of islands and pedestrian refuges

lleitadoQ

As regards the use of road markings ear ¢l Rey eialts rirhat ifor bd winggy

Centre line markings should only beh agpfptheed twaneal | elde waiyd= s e &
width in cases where shoulders ar8 mqtarsr(a\Vsd)elde)cmsr‘fenﬁeEdﬁJd in
Zambia National Guidelines for Road Traffic Signing.

On narrower roads (<5.5 m traveldelimgps )areematewiareramted>as
do not contribute to improved roadnsaffeny aodeniaco adadg éil deggver
drive close to the edge of the sebdatewitht tp evtleircti adoaanflicgwit!
usersand early edge breaks and an inemeased maintenancgpbur

Edge line markings are desirable odrialdrsqaaspecigulydattmeght-
on unlit roads. However, they are cdashlyand, apthlegr atmd mMmiai piSo |
sections, may be unwarranted on the o2@0 vpad.classes (ADT

Edge marker posts are desirable onloswdatrod @ el s sssorfotehdes (A
100 vpd), where it would not be waadamedkitogsisdoaalert drive
potentially hazardous situations (shaap kbendastuseb-ettandard ro
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Based on the above, Figure 4-15 andmmbhaddd4usboof rtlhedenarkings on
various LVR classes considered in threaMdamaakindrsililndtetramiss oof dimensi
and configuration can be found in teéiZasnbda R@ad TahfGicidigning.

Figure 4-15: Road markings in re(ati@omadableodd )width

Table 4-4: Recommended road mard&nngo srioreedmwidiihrelati

Chapter 4 Operational Aspects

Source: (FHWA, 2016)
Figure 4-16: Example of road marking on rural LVR

Figure 4-16 illustrates road markiagsuah putp/os d@h ata meerlye

To encourage vehicles to travel wwmHaméhandeharanlynarove outside |
the broken edge lines when approdolging tthe edypipbesitreadetbection. Th
will prolong the life of the pavemienlbubne g®nerrddacdicn in edge brec
and the associated maintenance burden.

To indicate to the drivers that the Bines dstpridmattibey ecdgerved for
pedestrians and bicycles.

Ministry of Housing and Infrastructure Beé Delo@lopmtent AgrRoicy



Part C Road Safety

4.6 Road Furniture

4.6.1 General

Road furniture is a generic term foasgsatsowsthoradhre lIreot@d reserve, |
bus laybys and shelters, guardrails, pgahadsriamnabfacrsegs.agreafii@ilscrc
and other small structures such as pedestorastbaadyges across ri

Road furniture plays an important roleo@ad pmadt sdfeatfsiystiomabdercau:
guides and protects all road users in the following ways:

Guardrails and barriers prevent vesidéewalfkenordsity erygngnodf the

Pedestrian barriers, on the other hgnandp rcdveenme jbzyev plkdr stric
towards pedestrian crossings and intersections.

Traffic signage and markings assist driwadresubyhperowviadd niayoe s s
ahead or potential danger spots such as railway level crossing:

Bus laybys are also an importaonproaide de rfesaferpassenger pic
drop-off.

Bus shelters provide protection for dursiegngrecke mespewi@dthe!
conditions.

Narrow bridge structures also pose addayglestso Péde sita na aal
alleviated by the addition of a smallewgd k wiayn sotfru:h'eulbaidg%nlec

4.6.2 Guard Rails and Pedestrian Barriers ©
Safety barriers are expensive and se\lvcbwreriutshdzfyerdaqnbleVrFés].uHeg in |
dangerous situations, for example, on shaop s hluat ocra mmoounh & i ncaud e
by other means, for example where drbamag¥Rhanosessnoajorhere shar
offs occur next to the roadway are present. NaN

The types of safety barriers and applicabimlry wasreyd ahe rmabssadcker
islands, wooden or steel posts, steel arardrs.il & a esred d«:er‘rd:neede@lan
generally applicable to paved roads asegroeogamoglyatoedzddrapd n
motorised traffic. Wooden and steel posbod bearilee, cheapest, fgeqmpral
the most effective. Steel guardrailseatiz eotgpet thfe smbestty ef&rriex an
commonly used. They are cost-effectioeconcimesttealb aconepsretioweder,
long-term, their repair and maintenaaxeearsd \ge.n Roed ty sigore or nratrk e
should be used to warn motorists of Ipoisktaak da,zgudbsd Inahisg rrgfy b
to protect road users from a roadside hazard. =

4.7 Roadside Environment Q

The roadside environment plays aerebkerenitynfdfiieacaiidgents. The_aree
vehicles end up after an accident ge ®enmlflyomxthadis atwe Eled wayT Th
of the heaviest impact extends up tol8 im fthemetbeeroapsident tWat &
roadside area should be provided torahtowe hoclescandryoodveid cOllisi
roadside objects. D

Factors which contribute to increas$limg abei@ane mt sokf abewdamagg, in

location of the following in relgtitonthe ttraire plreodk mma y : wn
Roadside furniture, including road diegmp,pim§bgmation signs,
Roadside obstacles, includingulaegé hesadswadhsubadly designed ¢
Deep, narrow (lined) drains.
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Whilst fulfilling potentially importamtreadflestylef nchidose lbhod obstacles |
have negative implications. Thus, tbheatiomeecf dessdgndanfdrniture and 't
avoidance of roadside obstacles in thelyoa&d weea gec ciadre st graitfesamn LVRS

Big trees to close to the Badly designed bridg
Inappropriate design of sic Welldesigned side -
Figure 4-17: Illustration of varesus roadside featur

4.8 Street Lighting

4.8.1 General

Street lighting is an essential compodc esretc toeensaid ee avsofemamt. Man)
people often travel to work in theidgrkine s rwhmtdreiinduor late evening.
lighting of the road and street sysodmmlinmored sise ndh,eespfedially for pedes
and cyclists, to make them more pisMibdoto afrighsingl he particularly es:
at potentially hazardous locations and prbbtensecurity may be

Street lighting is generally neithablwarnamutead noadsffdtdwever, in urban
including villages, it would be prefetrdbdbtimg pabondersads and streets
crossings and at public transport faxmldtbeuss ssuolpsas taxi ranks

4.8.2 Lighting Options

Various lighting options are availadde fangesdrom Ih\Rsgernhsodium vapc
metal halide, light-emitting diodent(lyEdp),aehE MMdrghtercee. A brief descri
given below. Street lighting manuaflersinouédimbfocoasiviied

Halogen (Mercury Vapbhesdaargsthe most commonly usied) lamdps for pole
street lighting.
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Sodium VapourTheseslamps are more energy-effioieretl @gpe o hamemsn p ¢
as they provide double the amountsaimerieghonuessofowatiage. They a
ideal for pole lighting. Drawbacksde:ith these lamps incl

Their brightness is highest in thepoda}ran(duist leebew bmethe outs
They are mostly yellow or orangéoirheo Wit ecro mglarddom other ty
lighting.

Metal Halide Thaesmsbulbs are as energy-efficient arsd Seoldiou ipmr ¥aigl@u r
a whiter light, but their life is shorter.

Light Emitting DiodelsidLEDde latest and most energy edfidieent opti
market for street lighting. Themobeightifesm,isamduchey can give up
savings over Sodium Vapour lamps. Toheyoanmeilreg sglarecaptibdant re
visual fatigue for drivers and pedestrianss alsBag-poevaied awhutadi
discussed below and can be an attracobigptdprrost-saving lighting

Renewable energy resources - solar stapdtiwgPodspovponeeNed streetligh
use new LED technology which delighs at bmoghtu,nmilmig costs othe
maintenance (Figure 4-18).

Solar streetlights can have a positiwaefeatfyfeiott\héth/iﬂéa;]gaedesnt/dronea)ent
people tend to socialize along theyeaporimgadodusing earl —

Figure 4-18: Renew:

sources - LED sola

lighting in V|Ila',]gS

Figure 4-19: Sodium lamp (nearsgde

4.9 Rail Crossings

4.9.1 General =
The railway network in Zambia is explkeetedutotrgxplmid avdtbsssypt in
new level rail crossings on LVRs,easoaa$.akt o thighesfioroerdmportant |
designers and road safety practitionersigmcaarms traoradl tdeef ety sie/gdlere m
to safeguard these rail crossings where they intersect LVR

o279dsy |euolleladQ ¢ J91de

The legal requirements for level ciosdbte/gB CaR® aur elsrarfitiedSigns Mar
Chapteand thambia National Guidelines for RbaedmBraffiecq8ignmregts a
summarised below.
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4.9.2 Requirements for Level Crossings
The road signs to be provided at urban level crossings are:

The RTM1 Stop Line must be markate do the doawdets imdese to stop i
conjunction when the red lights are flashing.

The signal must be used withXRegulatory Sign R1
Warning signs W403 (single line) aarce Wo 40e! dicspubyedine)

The actual layout requirements faowildudaflféeveerl thessaagsctive classes of
A regulatory stop sign (Sign R1) sug sligmeWddB (giagharinne) or warning
W404 (double line) must, howevéeydlecposgidgd ah allavel roads, regard
LVR class.

W403 Single tra W404 Double track
Figure 4-20: Signage for level crossings

The Southern African Railways AR9spuobdisdre d ABRAe 29els and procedures
network operators and road authictini@gsofophtisecabradssessments of publ
private level crossings. Shouldeacbawdkr rered sinintgwreship development, |
processes and procedures should hesctas alyseslsoveends shall be conducte
once every five years, jointly boepeveadnrthednéltworkad authority. The ph
assessment records shall be relhainelkevYantreaitewnhy regulating authority.

4.10.1 Layout of Level Crossing
Detailed layout details for differemtilrbreos simd) typalslavelprovided for i
South African Road Traffic Signhs Maauwlhavhohinder 2rg20&2¢] Thossing ty
covered are:

" Rural levelcrossings: Classes A Xo E rural road crossings

" Urban level crossings: Classes B to D urban street crossings

Figure4-21: Typical layout andedetraidsing urban lev
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4.10 Bridges

Bridges are notoften provided on LVRi§tslmatk asdmélarseywpeysirdecture
generally the more appropriate form @fvetreaime rcriosisigi@s.aHoWwrovide
LVRs they invariably have restrictedheaspagevwaayniwadtbsfamgpedestric
cyclists to cross safely in the presmasdeiotfedehicles is often

The following road safety measures sidogue dc hoes siorgsidered at br

Provision of railings and a dedicated ycra srsiirsge ds praxlk W@y g f Ea
pedestriansto cross when vehicles aas allustratreg tinkFbhgurges -2

Properly signed approached and safe ghitlingsaaeasswithecbead:c
should, therefore, be provided at both ends.

Provision of warning signsisrecommoandeidtwbhemaraoweiddkean t
approaching road.

Provision of bollards and/or masonpy bdwcksveh dxotlttsirckess suc
drifts and causeways, to mark theircboveaed nwwhewattteey lareaddit
the bollards should be fitted withnre fde cviorg. for night-

Provision of guard rails at the approaches to the structure@.

Figure 4-22: Long bridge with separate walkway

s1299dsy |euolleladQO ¢ J191dey
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5 Ancillary Considerations

5.1 General

Streets as facilities serving aldaailsbty acxdfcomedsdateo warious ancillar
including public transport faocibitpadliaseéseagesagike waste removal,
below.

Public transport provides an importannh siebwuiteasowrelsidentural aree
volume urban streets are rather narridve axdeindetl byt, Ilbuge(bauses are
and minibus routes should not be al(@€Wwags o) .lodhleserereddes should
operating on collector streets (Class 4) or higher classes.

5.2 Public Transport Facilities

5.2.1 Bus Stop Laybys

Various bus layby configurations arehpoaswsabllah|denedd spgg o, tThis i
laybys next to the roadway on the errgténorianseteptionomamwithout a v
shelter. The actual street layout arte repaeewdna hl o e omilis dfie as(Ble.

Typical dimensions for bus bays are iHusvtaraeedtimerjgrLereeth&om%-try
probably not allow for laybys on Clas®r4 we@dslamdvidhbﬂbcsttrmm%bly
to stop within the roadway. The typital thyosetldnmesntops are giv
Figure 5-2.

Figure 5-1: Typical bus bay layout

suollelapisuo)d Alejjiouy g 19}

« 38.5m R
OVERALL LEN
< 14.5 m 15.0 m ,
STRAIGHTEN ENTRYT
DISTANCE
3.5 m FOOTPAT
| SHEL
BUS STOF

Figure 5-2: On-street bus stop layout
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5.2.2 Positioning Public Transport Stops

From a road safety perspective, thpumpidedetrrerds postitsompsefis always beyc
pedestrian crossing or an intersectodngbsac uhead &r@rarsioe dsiver s view.
preferred location of bus stops farudatienesnits strewh é¢nnfigure 5-3. Ther
also other traffic flow considerationsntowhentd&eatimgoaalbuosustop. The
advantages oftypical bus stop locatiben 3ypes are given in Tab

Figure 5-3: Positioning of bus stops

Table 5-1: Advantages oftypical s stop location typ

Far-side stop Near-side stop Midblock stop

1. Minimises conflict 1. Minimises traffic | 1. Minimises sightlin

right-turning vehi

interference durin

obstructions for b

2. Minimises sightlin traffic flow hours. & passengers.
for drivers and pe . Passengers are alf 2. Because the stop
3. Encourages pedes the bus closer to away from interse
cross more safely crosswalk. activity, conflicts
bus. intersection traffi
minimized.
3. A more spacious Vv

area may be provi
because the stop
outside inter-sect
sidewalk congesti
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5.2.3 Bus Shelters

To decide what type of bus shelterateausequnraspantiznmadysis of exis
anticipated conditions, as well as somet&nicwilesd 9é¢ gbdotthesltdlder loc
and design. Some of the basic aspects to consider are:

Is a bus shelter needed?

" Where should it be located?

How should it be designed?

How should it be maintained and managed?

Are there funding options?

Where possible, it is desirable tpags®ewnigershedieinsgfat bus stops. St
basic requirements are:

They should be desighed to accommodeatre ofheasaghmgenms n
normally waiting, and to provide addbeawe gtioetie,c siom dsowme ||
rain.

They should be well lit and ventilhueses asr‘mbtalpjpbceauhéhh%? fr
insidethe shelter.

>
Where waiting times may be long itomiaye e atésgrable to BT

Figure 5-4 shows a typical bus shelter imliesewiinhZ ame imathiat reqdr e m
listed above. Such shelters should poéfeoabletieetwoagbridcvandatitsm.

0]

-

o1

>

-

O

Q

-

<

Figure 5-4: Typical bus shelter design @

o

5.2.4 Public TransportConnectivitgasith Residential A S
Public transport stops should be cgnmeedted tia lt lae esad poyi rsiiew algs. T

sectional requirements pertaining ticcudeddlith BidCha mptreer & _—

o

5.3 Landscaping )

Street trees are an integral part ofytwheosttrébtitéesigitheasdhese 03 pla
general, the size of the tree or plaptopetleicteal sobouHd wwedth of fhe
reserve. As a rule of thumb, the Sholubd dvenotfréleecanderyof 1/4 of-the
width forthe best effect. The fulllgaswndeaeopinsitengiludinal @pac
larger spacing may be required on madewelr Bfreets, 20 the )

From a geometric design and/or roadhesadeay nuaoiberobfviccomstiderati
pertaining to landscaping. These are:

Vegetation must not obscure intersektidinstamcecUinvasureThieg si
distance requirements atipBl-aCddghest8be met at all times.
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Trees are potential obstructionsebandirthieirofotdegtiorsiin relation t
vehicular traffic. Generally, existedgmtatlere withhlasieepefcgreater thi
200 mm should be considered fixed gjerasticGeeomedtrbe deglied to
maintain adequate sight distances and clear zone setbacks.

Designers should consider the impmaptederemteggowdh,tovispecies wit
taproot systems rather than carpet topittsystematinloeis pdanting
strips may need to be consideredotd gestwtilct ovegertadnon should no
interfere with the function of the pawgitedinaihbardieass, end
treatments, drainage systems, traffic sogimesr bBighwlsy strlititeiseasnd
and appurtenances.

Groundcover within the street resesvan @sppeocritalhy mreesssure against
erosion and to prevent soil and otthe rr gadtwtaoy vihah ooubd reduce the
skid resistance of the road surface. Whetrilmanrgeansumisemrg oliepedeé
sidewalks, the area used for walkinglghborldhlee copaawechirate and
safety of the pedestrians, but also tonpgregeeat.the loss of gro

From a security point of view, dehnse nesgk rtdenveiithinot desirable
it creates opportunities for crimared ateac&knpedplédideing the street

Preferably, all landscaping should érvoladatrhdes degigg emgdnalist an
a road authority official knowledgeable in landscaping.

5.4 Waste Removal

In some communities the waste remoaathxeivyceoley thoet lmccraprise servic
individual properties; instead, wastrm birbheeggcabMyeloteat efdocollection si
Where this is the case, a suitablféeslitéusimaukd eb ¢oidre mtlianning, and in
geometric design due allowance muséedtéomadecksr analstbedolinanoeuvrin
Such sites should be hard paved,owinhepredkreg qeagirvgrmktocks. The max
grades on routes to be followed by wasltt remexad evck Li:dl2s sh

From a safety perspective, waste remblaltvednitdesastoadd cellection si
facing forward, hence the sites shotwldbeomimoufdteianfusiztairn if separ:
entrance and exits are not providedld The Is¢reesedgfacessbloumanoeuvrir
Reversing of waste collection vehiclen bné meagqujeesutth® pesratof reversi
assistants to support the driver. rémjsiroe smeamdbeldecftitlne cpublic by mov
waste collection vehicles are invaniabily theeersuach fataidents occur wt
vehicles are reversing. |If turningsspadeyicsubhesdeouddrgt thast accommod
turning circle of 18.5 m, kerb nad&eyrltoob@intlamybdn addition to stacking
for waste.

Gates or arches on the vehicle reihteultd godhveédeidorsatecedear width of 3.
and a clear height of 4.5 m. Clearancee hefightt lehsat $tanallacdecollectio
vehicle will be required in the arba wiheteedine allewofor the bin [lifti
mechanism.

Ministry of Housing and Infrastructure BévRkévphoggmient AdRency



Part C Road Safety

6 Educationand Traffic Law Enforcement

6.1 General

In many countries, road safety respodsahbiditviesy aiéetlieragmediration e
This is especially relevant when it coafiesy tOpEnlgeg n2Esing,r&amdorceme
Education). Strong inter-relationshepsneamnss baihwedkefithieneies In one
can be compensated for by the strengwioeriegnerftihelTlbpeh8nfe Sys
Approach, as mentioned earlier irdetdiired hro@mtersaifetyheool to achie
necessary coordination between the deifeesrent road safety elem

6.2 Improving Road Safety Awareness

6.2.1 General
Road safety awareness on urban and rutterlobyR sa ceaumtberimproeadure

which education, publicity campaignsearethttriadfie bawnepfoven to )
favourable results. S

6.2.2 Education

Road safety education and communitytpmatrtiobdatitmnrargeimpargnes

problems and behaviour related to traffbdvalsdteaahira;glfelny"l.d_rterin&Nho

often the most vulnerable group, as chaldaLss&dsltbytcdé)\eebcaﬁmgro
Knowledge and understanding of road traffic. Q
Behavioural skillsarenecessary toocsfureawe traffhe. presence”.
An understanding of their own respbemidelMmMgsicafleeeping O
Knowledge of the causes and consequences of road accide®ts.
A responsible attitude to their owny saffettheanmsd to the safetm

The key characteristics of communit(yinrmaidji$bdettyoeshlmlaiomrainﬂ1g)
o

Reliance on the involvement of the asamesuariéyidenthfaedyeinitia

and supported at the local level. —

Involvement of schools, teachers and children. -

Q
Inclusion of all demographic groupgcengmyoalhy,aetdea] unegmpl
physically impaired, etc.), includitnige pieres presnthae ndby noitthn
community (e.g. truck drivers). ~

Figure 6-1: Road safety training

juswasiojug me 2
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6.2.3 Publicity Campaigns

Publicity campaigns are an importantd syftethelpheycanebe used to inc
awareness of road safety issues (inclidagnewisawmg),sisicesas®e wmalarene
about the penalties for breaking roae peEeplandatitytitdeshaomgoad safe
issues. However, publicity campaignepdéonbawgé nbeimbldgweour. Whe
trying to change behaviour it is alspeopte sadaryt twhegdulceayteneed to chan
This can be part of the publicity artipartprodgaawider elduic also necessa
combine publicity and education wighnbheteendsorcement of

Effective publicity campaigns requirdaocaiagul thoeghttearméatiponal Roa
Assessment Programme (iRAP) statesnmbat pobsidiey savepmaiegesments tha
should be covered when planning a campaign:

Behaviour to target

Audience to target

Appeals to motivate the audience

Message content

Audience activation

Media selection

Campaign timing.

6.3 Traffic Law Enforcement

Traffic law enforcement is meant to faicheetemtdee mafet @afidald road usel
including non-motorised traffic andapegdeafoircesmdnttafstrafdic rules (suc
speed limits, stop signs and rules atitpedestanabecuossesdnigo faigihificant
improve road user behaviour and safetiwve HohwaMdr beahto oilmprove the
behaviour (and safety) of the majoritlyaoftooadmpserscatahheffand punish
few. Moreover, such strategies should mearbe afseaissiagansome@ye- but to
improve safety. The role of traffic Ilatvandntferenmuerret tisatnrp@ad users al
behaving correctly in the road emyirtonmasnbeém @pddvido in practice tha
physical and noticeable presence ofoffifadéircs law tdrefop@ads eantd streets he
major beneficial effect on road user mahhorotertivicobptefdiemally admoniti
for minor transgressions, it goes a loflgewnaye twe hrestiid utr uestd improve ro
safety in general. However, clampingesi®iwmsonesexins £ $saemsoal.

The following aspects of traffic law lgnéoscuemahwibdagenseas comply wi
traffic laws:

Its ability to create a meaningfubhd etg®erent threat to ro
Increasing penalty severity and thengsticktiammdod fpicnenh naamti
Increasing the actual level of enforcement activity.

The use of periodic, short-termintemasivasefdbitezesm)ent ope

The use of automated enforcement devécdanseich as camera sur\
The use of publicity to support enforcement operations.

The use of legal sanctions, such as liatimsiepsospednseésn and revc
The use of point demerit schemes.

In essence, traffic law enforcement rlequUivdsibifjiugicealuaapimraga@admonitic
and punishment.
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Glossary of Terms
A

AADANnnual Average Daily Traffic is calculatetl \weyhcolerst pags $ hrec
a roadside observation point in a yemer dnyd 3biyidihg tnhis heurmg i
is the sum of both directions.

Abutmedrt end support of a bridge or siamri¢aofsémudieussignétese

AccesEHhHe driveway by which vehicles and/déorplede/strpaogeenyte
adjacent to a road.

AccesBd®2 come to or reach a destination.

AcceGentrol Thecondition whereby the raald agefrudlyy edcomerops rit
right of abutting landowners to diracp wlrlé¢e ssstrteoe b oa foard .

Adverse Crdsslbpél on a curved pavement thatagtangrfrterm fbece:
ability ofa vehicle to maintain a circular path.

Alignméhe geometric form of the centredenkine)y ot hee ic aerfi@argeaw
in both the horizontal and vertical directions.

Alignment Co-ordination (Co-ordAnated Abigigmendghnique in v
various rules are applied to ensure thhdtrihentadmbnoatmMentio:
alignment is both safe and aesthetically pleasing.

Aquaplafimlg dynamic aquaplaning occurs when atedrérosncomp
the road surface by a film of water.

ArterHilghway designed to move relatively laigh spbewemdsessovértr:
long distances. Typically, arterialsoodbeaurttlingl e roorpeotieecscess t

Auxiliary Agoation of the carriageway adjoinings thoer Speedh ti
change, or for others purposes suppgdmteatiircy movémeant.

Average Daily Trabftixl (WwoDdme of traffic during a glieedayisne per
greater than one day but less thaneomemybecarotiiddlagedirbyhtéh per|

Average Recurrence Ihhervale(AdRd)Recurrence interval (ARI) i
interval of interval time during which an ewveadded | one e.q Lita sllea
be based on a lengthy period of neadostisadfythteisvtdret.ibverse
Average Exceedance Probability. The tietmrvaplaces recurrenc

Average Runninigh&pletlance summation for all vehicles divide
time summation for all vehicles. Also refeercdvheraaspate me:
speed is simply the average of all recorded speeds.

Axis of Rofdtéohine about which the pavement iateothted to
roadway. This line normally maintains the highway profile.

B

Barri®m obstruction placed to prevent Meblakeaaeaess to a par

Barrier Kekbrb with a profile and height suffécoieratg €ovehdeeand
moving off the carriageway.
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Barrier Sight Disdahioeting sight distance below which overtaki
prohibited.

Bicycle or Motorthelasleawif a bicycle or motorcycle g@aitransport p:
Black Ppeite on a road where accidents happen at regular interva

Braking Didtlamckistance required for the braking Byisitgmhef a vet
vehicle to a stop from the operating speed.

Briddestructure erected with a deckefoorcanryemganraffsc¢raoetion anc
with a clear span of six metres or morés Wkeréhame sckxe are tsean
reference is to a culvert.

Broken-backT@wrwairves in the same direction whthn a5@@ngent sh
metres longconnecting them.

Bus Bfary auxiliary lane of limited length atusaullly sbhag rotre dermtionus
the shoulder or verge.

Bus SAmparea in which one or more buses Igadtanansisltssad fparsesen
or more loading areas and may be on line or off line.

C

CambEhe slope from a high point (typicahley haitghlwea gk matoreo $isn ¢hef t
lanes of a highway. Negative camber refensstalby ceithral Vvoew ptm
drainage of a small urban street or alley.

CapacTtye maximum number of vehicles that camyagsia point on
designated lane in one hour withowtgtbatdemnsoty deseguareasonab
delay or restrict the driver s freedomrévamlamg erovarcewagdand traffi
conditions.

Carriageivha&ylanes of the cross-section. Thieecahoalgeway excludes

Catch DAasmrface channel constructed aload bheemilghn&indendf a rc
outside the batter to intercept surface water.

CatchmentTAeearea that will contribute to theatfiischargkaldfad stre
the point under consideration.

CatchwaterLDcaited above a cut face to ensuremdhdtosmodowwater dc
the cut face causing erosion and dreopadswapn of silt on the

Centre Threebasic line that defines the axiseoofadigoadck otr @ofthbe ce!
works.

Channel GMddenmg side channels are designed rongrehdeatefthat di
the road centre line, typically on dipheeintsiden cfrebe bughes and th
lowest points on sag curves wherettiselesstrealn n@®. 5y mearicent.

Channeliz@hi@mnuse of pavement markings or islemudsh tandirect tr
intersection.

Channelized IntAnsextieposiection provided with channelized islands.

Clear ZAmearea adjacent to the traffic |anfaetdh atrogh ofeladt ureskept
potentially hazardous to errant vehicles.
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Clearafibe space between a stationary and/or moving object.

Clearance DPesfditebes the space that is exclamisviely ok dskeveaato
or street. It defines the minimuaof laaiyg st rafcthee spdbiting over t
and the closest approach of any latersadcoibostacle to the cros

ClimbingA apecial case of an overtaking lane dbloatiexd dasadernisi
vehicles to pass trucks and other vehicles.

Coefficient of TRenratfifo of the amount of water thtaarmaadooff a
the amount that falls on the catchment.

CollecAoroad characterised by a roughly ecvessdagtdibwdbahityf
functions.

Commercial ewhaebliele having at least one axle withmdual wheel
than two axles.

Complete Atrdeetet that accommodate all street meeesmealtiow fo
of people and goods, giving prioritgotdbe shef niosrits@ifit, eretspon
the neighbourhood character, create anvibband palaliberad ahm ,ac
sustainable environment and create haanctworsitceffastiewdswapes |

Compound Bucueve consisting of two of morei aumoyviof dnffelren
same direction and having a common tacdent goamtsidrolmecmg vje.

Context Sensitive DesdghiNn€b B3 a project development process
geometric design, and attempts to andyewbibkeflrediyn g nrek sef bircs ev e
the street or road s natural and humassesvilhenmeead. fbtr aad dro
systematic and all-encompassing approaethiich preogeghidegeibe
interdependency of all stages inthheetpraoc €D Irreferera,s much
approach or process as it does to an actual outcome.

CriterPogpardstick according to which somreoad cdre b g urad ia § wrfe th
Guideline values are specific numericaFovaleweasmpfethdectapteisi
criterion of congestion.

Critical LengthThf Graxlienum length of a specific updgradle on wt
can operate without anunreasonabVergduteimnairsppecdeducti
15 km/h or more is considered wunreasonable

Cross-sethieotransverse elements of the longitudinal elements

CrossTdlé slope, measured at right angles uofahe afigmympatt of
a carriageway.

Crosswhalkkemarcated area or lane designateigaresratchresssa oofape
or street.

Crowlhhe highest point on the cross sectthotwofwagacrosgefadly w

Crown RuMAlsfd referred toas tangent runcubjuTdrel anteatobra aw ok
lane road from zero cross fall to normal camber (NC).

Culvevtstructure, usually for conveying avapanr alhalletoaar g ardeved y

Curvilinear AlMgremahignment is a continuous curve wdth const
smooth changes of direction.
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CuBection of street or road below nattuimésgrededrddvted.is omhleer
documents as a cutting or excavation.

Cycle lhAapertion of the roadway which has derearildagignategibg roec
and signing as being exclusively for the use of cyclists.

Cyclewhayacility provided for cyclist movemewndhaoul sre gratfateldy fro
a kerb, or provided for on a separate right-of-way.

D

DeceleratioAnLaogiliary lane provided to allow vehicles to decrea

Decision Sight Snimtatnmes referred to as anticipatory sight distar
circumstances where complex decisiongnanoeaequdsedaoe unulseal
carried out. As such, it is significa8tgyhtldnigeandean Stopping

Depressed Mediadian lower in elevation than the cadriageway anc
carry portion of the storm water falling on the road.

Design Dohheinrange of values of a design critepioan givaetnare app
design, e.g. lane widths of more than 3.3 metres.

Design Hberhour in which the condition pedalgydtlsegared cliprte¢y
flow, is expected to occur. Thisighedtemouheofhfilainetim hhe design vy
or the peak hour traffic determined by modelling.

Design Hourly Vollme {owVy traffic volume selected for design pt

Design Lhfe period during which the qualgtyriding gualdituref(a.
pavement) is expected to remain acceptable.

Design PArimpariod considered appropriate toathe ltuisctis@edofothe |
determine the total traffic for which dhangplademesmtotscdasegmethe
geometric design.

Design Sheegpredfixed for the design and coertrila fieoat urfe shoksea geo
street or road, that influence vehieledoploatdonotDesibensssphan th
operating speed.

Design TiAafédiovolume of traffic in the designiglear, insed uioralent
determining the required lane configrwreedjomermialdysta&ken ars the
design hourly volume.

Design VeAidlgpothetical road vehicle whose masspngdimensions
characteristics are used to determine geometric requirements.

Design Ykarlast year of the design life offdbelitpadfeemngkerhas
twenty years although, for costly shrudtdesesaslowalgears peajod is usuce
adopted.

Directional Distribufthen plspdetitages of the total flow moving in
directions, e.g. 50:50, 70:30, windsthlkeednge quiote @ ffiimstte

Dischafbge volumetric rate of water flow.

Divided Road (dividedAcaoradgeiwmya separate carriageway for eacl
oftravel created by placing some phassiecaleadbabrwctbanriguclhetwee
the opposing traffic directions.
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Drainaatural or artificial means for the inteswepaicoen carnd r
Subsurface water.

Drivewdayoad providing access from a pubdadd rosauatby a osctaéed o
an abutting property.

E

Eighty-fifth P&nreadillthe speed below which 85 peravehtonf the
a given road

F

Footw@gparate pedestrian facility.

Frangibéem is used todescribe roadside dularpiserend em pgcdd Th
severity of potential injuries to taetinor weamndkeoifsardmped, con
to those that could occur if the fgirniture was unyieldin

Freewldyghest level of arterial characteriesedsbgntiulHigbdtesigo
speeds. (Class 1 road)

Frontage Roadd adjacent and parallel to but separaterd ift@m tf
to abutting properties and for controaleb aedesrsedStomasimeser
road.

G

Gafghe elapsed time between the back opoonet orehicder pad san
highway and the nose of the followamgevedhicte Addaging ttthee sn e x
portion of a gap, i.e. the elapsed tiofeabwdwicea ometherimalor |
an intersection and the nose of thajoexbaeticdsesomgthleenpath
entering vehicle.

Gradlehe straight portion if the grade ksievd eteveicraltworsaesce

Grade Sepalrlaticeparations of road, rail or otimgr moafd ncendsthat
which would otherwise conflict, are at different elevations.

Gradidmte slope of the grade between twos adfjdearts ¥etrito aa( VAPd
typically expressed in percentage forfalasntihmeevreas/d®dI0 rimset re s
the direction of increasing stake vahuwsep apidginaa e dé reo harkgera d e
negative.

Guardraidail erected to restrain vehicled. thtatocarlead @ad s oo ft ackoen ttih
form of a set of vertical strung and anchored cables.

GuidelAne@esign value establishing an approxhmualte bbresstoid,
considered practical. It is a recommendddisval peesbeiretageavals
allowing for no exceptions.

H
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High Occupancy Vehiclke |laaredesOgh)ated for the exclusive use of
other vehicles carrying more than twal mpasseargers.ieBhbeaween
authorities.

High-spkeygically where speeds of 80 km/h oeréalster are being con
Horizontal Keuwee in the plan or horizontal alignment of a carriac

Horizontal SightiTbessaglte distance determined by lateral obstruct
the road and measured at the centre of the inside lane.

Human Factor3Hiesepmresents a paradigm shift from a WNewtonian p
to design to a more complex procesivexf bbbkamioodellilmg sthfodtr, desig
is now also predicated on what the driweshesdpadaleasespproesaddo
only what the vehicle can do.

Intensity of Rlaenfalhfall in a unit of time.
IntersecAiphace at which two or more roads igramdssecse péarqtade.or w
Intersection (atngirmatckeyection where carriageways cross at a comr

Intersection Amgben@le between two successive steabdhéas on the
carriageway.

Intersection Amglagles between the centrelinagrodgewoaiyystersectil

IntersectioAnkegne of the carriageways radiating frmam and form
intersection.

Intersection SightThassdaghe distance required within the quadr
intersection to safely allow turning and crossing movements.

K

KerGoncrete, often precast, or hewn stondetameadeavdaycamd used
for drainage control, delineation of tlodepaiweimeh tthead geed goa @f
surfacing. Usually applied only in urban areas.

Kerb Clearamddesance by which the kerb shoultd breasettabmatkein ord
maximum capacity of the traffic lane.

Kerb Rame treatment at intersections for glreadatablly ¢6 veedengatke
to the elevation of the street surface.

K-Vallilee length required for a 1% charmdec ofegriacché omraeparab

L

Lane (TrAffpo)ytion of the paved carriageway aateddliomets boyr kerbs
barriers, which carries a single fineoaf vehicles in one direct
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Lane Separastoparator provided between lanessamraydnrg drieofiic
to discourage or prevent lane changrmnipnoofta sppadatd angpe |
from through lanes.

Lateral Fridtdoforce which, when generated bhestwead slugfayxre a
assists a vehicle to maintain a circular path.

Lay-BBy place at the side of a road whereaashehmictemeawishopt
interrupting other traffic.

Level of ServiheqUla®i$gtive concept, from LOS A to LOS F, w
acceptable degrees of congestion a< pracetiwved Ogfodréedens be
LOS E.

Line of Jimgehtdirect line of uninterrupted vieav dretwejerctaofriv
specified height above the carriageway in the lane of travel.

Longitudinal Fhictiaotion between vehicle tyres aasdstthreedoad p
inthe longitudinal direction.

Low Spéegpically where speeds of 70 km/h odeskodver are being

M

Mediah strip of road, not normally intendedvlooh usepdiyates
carriageways for traffic in opposite directions.

Median IsAastiort length of median serving a labt&liwesle purpc
undivided road.

Median Tawreetraffic lane nearest the median.

Median Opdémingt-grade opening in the median to fablmwavehicl
roadway to the adjacent roadway on a divided road.

Minimum TurnifdgheP peth of a designated point on a séhicle m
turn.

Minimum Turningheadawsus of the minimum turningfpaité of the
outer front tyre of a vehicle.

ModellMgnathematical process toreplicate trafficomovements b

Modal TransferTBeapiwmlic facility at which passengersf change
transport to another, e.g. rail tordids, passenger car to

Movement NetMov&ment networks comprise public righg of way
roads and streets as well as footwaysvada iy alewayisnuwdus hap
friendly manner for all human travellingksered®.gMcesntdet me ki
faceted nature of local residential streets,nmmaipthonge nittad emu v i
area movement facilities operating atffhageretr tspesdserfooftheoq
and goods.

MountableAk&elrb designed so that it can be driven across.

Mountainous Tenmatmdinal and transverse natural slospers are se
elevation abrupt. Many trucks operat®ubstaratwd | sgiese ds cese
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N

Non-motorized tAdhnspadt users that are not using hudtomgized trans
pedestrians, cyclists and animal drawn carts

Non-Mountablk Kermb so designed to discourage being driven acros

Normal Cross TSheectcomss section of the carriagewagdwhyere it is r
superelevation or widening.

Normal Crowimh@G€ypical cross-section on a tangentoaection of &
undivided road.

O

O-D Sufvreagin-Destination survey. This istadsuthheypaadteread andto
movements of road users so as to gigider s mowldophamne h/alte so catel
for.

Off-trackhregradial off-set between the patbfttheefd ooyt Exdecantre
the centre of the effective rear dxle on a turning vehic

One-way Roamdad or street on which all vehieusame afifiectianels in
Operating Bpéerd Speed.

Outer Sepdrtegoportion of road separating a threeghicarroageway fi
or frontage road.

Overpasgrade separation where the subjeciteosaciiagsesadyer a
and/or pedestrian crossing and/or animal crossing.

OvertaKihg manoeuvre in which a vehicle maomdstdranpasposntion
in front of another vehicle travellhng in the same directio

Overtaking DTsteanmicsetance required for one vehicvehiclevertake an

OvertakingAbaaexiliary lane provided to allow foerdbdkwear. Vehicles
is lined- marked so that all traffic is initealtyldnre,cireidhinhe timedef
lane being used to overtake.

OvertakingAZsaetion of road on which at leass Wdlpearagnoutf driv
overtaking manoeuvres subject to availéalbelidp pofs arde guraetigpaps ir

P

Passenger Car Equivalents(ukitsdaGRICE off thrEUMpedance offered
vehicle to the passenger cars in the uoaécasttdamnuthdeal lgf g
passenger cars required to offer a sitoiltdhrelevieérotdnspied ame strea

Passihlye manoeuvre by which a vehicle momdstdrom faopbsaftion b
another vehicle, which is stationaryedstravelling at crawl sp

Passing Sight Thistbot@aé length of visibility, measufeld,dfom an ey¢
metres to an object height of 1,3anpetsesengerceasamny doertake a slo
moving vehicle. It is measured from itthal poodo¢latathoohctdhmremances
to the point where the overtaking veimidte bsvanleaemea.gain back
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PC (Point of CBewgwahuwri@y of horizontal curve, ofBdn referred to
Pl (Point of IntPrmsattodnintersection of two tangents.

PRC (Point of ReversRoiQitirwdtaurree)a curve in one direction is
followed by a curve in the opposite direction.

PropertyTlhimeboundary between a road reserve and the adjacen
PT (Point of TBndemfchiprizontal curve, often €eferred to as BC

PVC (Point of Verticah& proviamttuae )which a grade ends and the
begins, often also referred to as BVC.

PVI (Point of Verticall hretersiendtiomeére the extension of two gra
The initials are sometimes referred to as VPI.

PVT (Point of Vertichhel pogetnay)which the vertical curve ends
begins. Also referred to as EVC.

R

Rainfall Inferesirtgyte of rainfall (mm/h).

Rate of RoTawormate of rotation required to acbievaimifoumayple
rotate the cross fall from normal to full superelevation.

Reaction DiBh&ndiestance travelled during the reaction time.

Reaction TThmmdime between the driver s recdpkiiomg a@afpptimpuiate a
action.

Re-alignmanalteration to the control line of alyoidd vieaticady :
alignment but, more usually, alters its hodiadnwad eliggnae nt a @
reservation.

Relative Grhhlléesltope of the edge of the carrpagewaynmeelative t«

Renewable energy lighTilmg poavicsdaen of street lighting in villag
through the use of solar energy drewiimalsenergy driven

Residual Mleleamemnant area of the median adjacent to right tu

Reverse CambAr sgp€)yelevated section of roadway iséoped ac
carriageway at a rate equal to the normal camber.

Reverse @Qunmrwection of road alignment consisting pgpfoswme arcs
directions and having a common tangemyt @osimorartibaen s igt i joon nceudr

Road AccAdentcident in which a single vehidkes, aretwo/ @lvexbiria
an accident that could include human injury ordeath.

Road Furmigpgeeric term used for various roacde redatedeasseds w
including bus laybys and shelters, guarsrailasfficediegstailan tra
signage, rail crossings and other smatlistr uortivmgeess saucrio s rpeed
streams.

RoadwAyroute trafficable by motor vehicleg:oiffnwaw,beite epeubli
boundaries of adjoining property. Tehearoeadgeawaynahudd elsetshoul
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Road (StFaen)iture A general termcovering dlpragecst,iwdreevicgsts a
for the control, guidance and satetryvehiteaéecqofarmdadhesers.

Road Piisen lateral extent of the earthworks.

Road Resflswe referred to as Right-of-way. fehce bspripeotolachd acq
authority for provision of a road.

Road SafetyA Asidutctured and multidisciplinary processhieading to
crash potential and safety performawmcehoghavdgnothioli repadrt may
or may not include suggested remedial measures.

Road Safety InRpadtbafety Inspections (RSIs) tgbdiegdrases out on
once a road is fully operational tomamgsere fthleesadadperfo

RoadsAdgeneral term denoting the area feeykognod nttse shoulder b

Roadside Safetty Bavircererected parallel to the rotadrteo aetain vehi
of control.

Rolling Tdrrainatural slopes consistently riseeabmavce qarad all bel
with, occasionally, steep slopes presemthnghwamealegnmetrib.nON
general, rolling terrain generatesisige¢peckgspdearrstsp daeusower the
those of passenger cars.

RoundabAdmutintersection designed on the priacamlee whegapaalccepts
traffic travelsin one direction around a central island.

Run-olffiat part of the water precipitation lonfiows castchumréadcewhic
discharge from the catchment area past a particular point.

S

Sag CWwencave vertical curve in the longitudinal profile of a roa

Safe SysAemagp.proach to build a road transporftuswyahearridiraandlerate
minimises casualties following road accidents.

Section OperatinheSPpbeld percentile speed of cars twowevkersing a s
alignment.

Semi-Mountabhe kkebbdesigned so that it can be dayven across in
special occasions without damage to the vehicle.

ServitlAdseervitude is a registered right theat nammersolre Ipas pevey t
of another. It allows the holder cfothesthsagv iwutcdhe thee cdodher person
property, which may infringe uponrtioé thghtgsropdhtey.owne

Shared Raplaved area particularly designed (withalagmpmeprtiate dim
and signing) for the movement of cyclists and pedestrians.

Shouldkesable area immediately adjacent to the emaéfige hacryes provi
stopping, recovery of errant vehiclfe shan halt preaMesugmptostraicture.

Shoulder Bredkpohiypothetical point at which themsiepseotfsthe sho
the line of the fill slope. Sometimas redented to as the hi
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Side frictilore (f¢sistance to centrifugal force kelapipgth.vEhecle
designated maximum side friction (mdd)ofe@rieveentssaotrhfestha
not the point of an impending skid.

Sidewd@hke portion of the street crosstBecus®norfepedeesdrians.
Sideways FTicgipatio of the resistance to sidewafya metiiohe offo bhh
Sight Distance

Approach Sight DisfTarecaicA&mce required for a driver t
marking or hazards on the road surface and to stop.
Car Stopping Sight Dildtandiest@h®b)required for a car
perceive an object on the road amgtotstop before strik

Entering Sight DisE®&mxes(EBSeD¥sight distance required fol
drivers to enter a major road viahathaftt toaffighanuhre, mag¢
road is unimpeded.

Manoeuvre Sight Thiestdncteance required for an alert ca
perceive an object on the road and to take evasive acti

Minimum Gap Sight DisTarecemi(fM@ &M )sight distance base
gap necessary to perform a particular movement.

Overtaking SighiTiassegictedistance required for a driver
safely complete an overtaking manoeuvre.

Railway Crossilmrga8gdhtThe clear area required for a tr
perceive a train approaching an uncrogqtaot ete rsatidp ay ec
truck.

Safe Intersection Sight Dhetansear{8éSme)quired for a dri
major road to observe a vehicle entemongofisdmp abefdeerc
colliding with it.

Sight Distance Throughd ddetrpracses required for a truck
see beneath abridge located across thanywadiazacddono
the road ahead, and to stop.

Sight Triahglarea in the quadrants of an imeeksettion t
clear to ensure adequate sight distenng begs eefnthlee
intersection

Stopping Sight Dhetamngkt distance required by an ave
travelling at a given speed, to react and stop.

Truck Stopping Sighthedeiditatacnee required for a truck
perceive an object on the road akichgatstop before str

Simple CAiromerve of constant radius withotramsiteoimsg or exiting

Skid Residtaendeictional relationship between a Ipizvengndssurf:
during braking or cornering manoeuvVrmrsveN ocrur adloe s, eid swa eie 0
the speed and the value of slip adopted.
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Slope

The inclination of a surface withtedspaptrdesthtk asorizenor fal
in a certain longitudinal distance.
An inclined surface.

Speed

Operating Sheexbeed atwhich 85 percent of loaredrawnars will tr
15 percent will travel faster.

Operating SpeedThfe T&hidkpercentile speed of trucks measure
when traffic volumes are low.

Section OperatimpeSpaluk at which vehicle speeds on a seri¢
tend to stabilise and is related to ttwervasge of radii on the

Speed-change susbdevision of auxiliary lanes, whiphimavelly those la
for the acceleration or deceleratialhtofreddictedshdtlannady its act
purpose (such as deceleration lane).

Speed Pdfelgraphical representation of thlea&hil vieadr @d o higetlspee
length of the highway segment by the design vehicle.

Standa&rdlesign value that may not be trancidresmedimeug. carnainred
absolute maximum. On the sense of geocwatsicuddsagnam o dtic ator
of quality, i.e. an ideal to be strived for.

StandardAAsgiegle axle with dual wheels loadedntoes.total mass of

SuperelevAtsétmpe on a curved pavement selexreds sosaissttiomgrmhanc
vehicle to maintain a circular path.

Superelevation(Rlsom-oéfferred to as superelevationmaesvmlfopment)
rotating the outside lane from zerambessfRO)tothevendeerc rotatin
both lanes to the full superelevatiwen. selected for the cu

Sustainable ASabtdey road traffic system that aimmisjupiesrevednt deat
damage to vehicles and property by sysuedatigariby rieddscofigthde
entire traffic system.

Swept Plaitb area bounded by lines traced g bloe yawdrknoitias of
vehicle while turning.

Swept WTdith radial distance between the innemmaspatrhds mditarmost
vehicle.

T

Table DTfaenside drain of a road adjacent tao,ttheavwidge sl knveisthoul
lower than the pavement base and bhemng part of the format

Tangelme straight portion of a highway berntweesen two horizontal cu
Tangent RGeeotfrown runoff.

Tangent Rumeuéngth of roadway required to accosspaildhfrtdira chanc
a normal crown section to a flat crostsdasu pé¢ rtehle vsaatmoen rrautreo fs t

Terraliapography of the land.

Ministry of Housing and Infrastructure dk\Dedophopmient Adeoncy



Volume 2 Geometric Design and Road Safety

Level Tefrsathat condition where road sight Wysbaortbe, as
horizontal and vertical restrictions, arbegmmaamliy bengoo!
without construction difficulty or major expense

Undulating Tearrtdiamt condition where road sight distance
governed by both horizontal and verdomaé¢ mestsicuiotnen w
difficulty and major expense but withtionly minor speed re

Rolling Tésrahmt condition where the naturalesadbpe® cons
and fall below the road grade and where ofdeassomead st
restriction to normal horizontal and verTicalsteaparagraldgs
cause trucks to reduce speed beloawrshose of passenger

Mountainous Tentedah condition where longitudingksand trar
in the elevation of the ground with ares@aédcupb aheé wdare
benching and side hill excavation ape ofeagime atlye peghliee
horizontal and vertical alignment. Mountaibhrawckstetorain
operate at crawl speeds.

Time of Concehhratdbortest time necessary for all greiatsoon a
contribute simultaneously to run-on at a specified point.

Trafficgeneric term covering all vehicles, pegopike., and animals

Traffic caSmerg reducing measures implementedcieo sSfpeeée dtive
unsafe road conditions.

Traffic CompDlsetiparcentage of vehicles other thantmpeasiscengerl
stream e.g. 10 per cent trucks, bSepaeclesn(isanicirlaiieds) etc.

Traffic ControdA &egnad that, by means of changingesotlhered Ii
movement of traffic.

Traffic IfNadafined area, usually at an intersectioaffi€rom whi
excluded. It is used to control vehiaupad ersdvieam erretfau gend as

Traffic lAapertion of the paved carriageway miatleadlinwets byr ke
barriers, which carries a single linanafdMe&ctcies.in one cons

Traffic segrépaetiwartical or horizontal separatiomofomaearized
road users.

Traffic Sigign to regulate traffic and warn or guide drivers.
Transitiength for increasing or decreasing the number of lanes

Transition Aeuvee of varying radius used toemicde |ath et peatthe rosf
or leaves a curve of constant radeusfusadinfgrthleecphanmaesin dir

Transition Length foThAligismamde within which the alignment i
approach from straight to a horizontak.curve of constant rad

Transition Length floheCdosstafrade required rotating the pavemen
normal to that appropriate to the cuvadioAldevedblem exnuplerred eh .

Transition Length fdrh&idiehamge over which the pavement wid
from normal to that appropriate to the curve.

Turning Ranauxiliary lane reserved for turning traffic.

Turning Ro&dwanpelized turn lane at an at-grade intersection.
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Turning TemMpbatghic representation of a desigynfoehviklieogsturning
angles of turn. If the template ircbwdes fthoenp athds iohéh rear point:
the vehicle, reference is to theiswept path of the veh

Typical CrossASaotdemsection of a street showinaitgpigaillidymensio
services and street furniture locations.

U

UnderpAsgrade separation where the subjecitntenslepaisagesoadder a
pedestrian crossingor railway.

Urban Road oClsaraeterised by adjacent property dreeflimpment, tre
keeping with the nature of the adjaceat dedacioplyelotwy sweendg and
pronounced peak or tidal flows. Usuallytwmtdynaéso ubbaa lanka b
traversing an unbuilt up area betweemswbeadjackisplanag arban
operational characteristics.

Vv

Value Engineeram@agement technique in which intenseks soudy of a
achieve the bestfunctional balance betwerdorovesrtceaeliability and

Verglehat portion of theroad reserve outside the road prism
Vertical Aligrmmelmtngitudinal profile along the design line of a roa

Vertical Gucueve (generally parabolic) in tha tamgidgdiwmay poofile
provide for a change of grade at arspieocified vertical accele

w

WalkwAayfacility provided for pedestrian mooemeahiandasdeégatfgated
by a kerb, or provided for on a separate right-of-way.

WarraAtguideline value indicating whether bor moavedddciFHby shot
example, a warrant for signalisation afclardéntleeseratfito wolwid eis
that should be exceeded before sigmaalisdtieoffi¢scoomnisatdepeidn.

Ministry of Housing and Infrastructure dk\Dedophopmient Adeoncy



