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Prelude

This Technical Recommendations for Highways (TRH) document, TRid@8sisting of three
volumes compiled under the auspices of the Committee of Transport Officials (COTO) and is its
current format as a COTO Draft Standard (DS). The document will follow the COTO approval process
for TRH/TMH documents as outlined below. Tlagproval progress of this document is in its current
format, as a COTO DS, concluded up to Step 2.1 with the other Steps to be concluded in due course.

COTO TRH/TMH DOCUMENT APPROVAL PROCESS

STEP REMARKS

1.1 COTO Subcommittee identify needs for newrevision of existing

Step 1 TRH/TMH

1.2 Panel Industry Experts appointed to assist

2.1 COTO subcommittee and Industry experts draft new TRH/TMH number
revisions

2.2 Once satisfied draft submitted to Roads Coordinating Body (RCB) for wic
circulation andcomments-Workshop held

3.1 All comments received, reviewed, and incorporated where applicable

Step 3 3.2 Final draft TRH/TMH prepared and submitted to RCB for approval
recommendation to COTO

4.1 Final draft submitted to COTO approval as "DrafRH/TMH

Step 2

Step 4 42 Approved "Draft” released to wid
51 Approved "Draft” TRH/TMH then in
Step 5 5.2 Approved" Draft" TRH/TMH utilised in industry fory2ar period and
comments/feedback provided toCOTO subcommittee
6.1 Atthe end of 2year period all comments received are collated and
Step 6 industry workshop held to review all comments received and incorporate
where applicable
6.2 COTO subcommittee then prepare final TRH/TMH
Step 7 7.1 Final TRH/TMHhen_submitted to RCB to recommend approval to COTO
7.2 COTO approval of final TRH/TMH
Step 8 8.1 Final TRH/TMH released to industry
8.2 TRH/THM use for minimum of 5 years before revision considered
Notes:

1. A Draft Standard (DS) is approved by the RCB dntplemented in Industry for a period of two
(2) years, during which written comments may be submitted to the COTO subcommittee. A Draft
Standards (DS) has full legal standing.

2. Final Standard (FS). After the twyear period, comments received are reviewleand where
appropriate, incorporated by the COTO subcommittee. The document is converted to a Final
Standard (FS) and submitted by the Roads Coordinating Body (RCB) to for approval as a final
standard. This Final Standard is implemented in industry forgeriod of five (5) years, after
which it may again be reviewed. Final Standards (FS) have full legal standing.

3. Standards (DS) have full legal standing.

4. The DoT assumes responsibility for the development of a wedsed data management support
systemfor the processing, management and warehousing of RAMS data.

5. Road users experience the same road standards throughout South Africa through the uniform
application of COTO technical policies and standards.
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PREFACE

TRH 29 consists of three mutually supporting volumes related to successive
investigation and diagnostic practices to improve road safety on the South African
road network. These volumgare:

1 Volume 1: Network Screening

1 Volume 2: Road Safety Assessment

1 Volume 3 Road Safety Audit
The South African National Road Safety Strategy 202630 (NRSS) accepted the
vision of “Safe and Secure Roads”. South
reduction of an unacceptable global road safety problem that claims the lives of
some 1,3 million people annually. NRSS aims to address this problem on a national
scale across different subject areas. This document will fall under the Safer Roads
and Mobii t y t heme of t hheDedddeioftAetidon fod Rdad Safety,’ 2
2021-2030. One of the strategic themes adopted for achieving Safer Roads is the
implementation of a Road Safety Audit Programme on new and upgrade road
infrastructure projects.

Volumes1 and 2 of TRH 29 provides guidelines on applying curative methods for
the identification and improvement of hazardous locations, roads, and routes. They
also provide proactive assessment methods for the identification and treatment of
road safety deficiencies.

Network ScreeningVVolume 1) is a process for reviewing a transport or road traffic
network with the objective of identifying and ranking sites from most likely to least
likely to realise a reduction in accident frequency with the implementation of
appropriate safety improvement measures.

Road Safety AssessmeniVolume 2) is a twdiered process, namely:

1) Network Level Assessment (NLAyhich is a routine, programmed and
systematic field survey on existing roads to identify risk factors that can be
mitigated against to achieve enhanced safety, and

2) Road Safety Inspection (RBlis an expert assessment of the road
environment conducted in response to an identified road safety issue on a
section of the road network. RSI involves an expert anddepth revien of
the safety of existing roads. Apart from identifying safety problems, the
assessment team should be looking out to identify and recommend viable
and costeffective measures which will improve safety.

Volume 3 provides guidelines on Road Safety Audi systematic assessment of
plans for new road schemes (including on existing roads), intended to ensure that
new roads have the lowest attainable accident potential across all kinds of road
users. The audit process aims to avoid future accidents by remayi unsafe
features before they are constructed and to build in safety features that will limit
casualty severity to the minimum feasibly possible.
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Road Safety Auditis a proactive road safety engineering tool based on the
philosophy that new road projectsnust have the highest achievable level of safety
built into them and that road authorities do not have to wait for the accumulation
of serious injury and fatal accidents statistics before positive steps can be taken to
reduce the risks of such. It plays asignificant role in ensuring that the road
environment is forgiving, selexplaining and providing for the needs of all road
users while being aligned with the principles of contemporary road safety
management practices, e.g., the Safe System Approach.

Road safety audits may be conducted at all stages of the life cycle of a roads project
(from conception to the final constructed project and post the opening to traffic,
and on existing roads). Given that South Africa is currently in a process of road
safety audit capacity development, road authorities should endeavour to introduce
road safety audits at the earliest possible stage of specific projectthis will provide
the highest road safety return on such investment.

A road safety audit is conducted by auglified and experienced road safety audit

team led by a road safety audit team leader recognised as a specialist road safety
engineer and accredited as such by the Engineering Council of South Africa (ECSA).

The size of the road safety audit team is deterined by the size, complexity, and

the stage(s) of the project to be audited. The road safety audit team will comprise

a road safety audit team leader and at least one additional audit team member.

The audit team leader is the lead auditor that is resporige for compiling the road
safety audit report and representing the
department/project owner (the client). The audit team members assist, collaborate,

and contribute to the road safety audit.

The successful implementtion of the entire road safety audit process and the
implementation of the remedial measures recommended by the road safety audit
team would make a meaningful contribution to ensure that road safety problems
are not repeatedly introduced on the road netwkr

It is our firm belief that the South African Road Safety Assessment Methods 2022
manual, (this TRH 29) would pave the way for our real contribution to meeting the
objectives of the NRSS and of the UNDOAZ2.
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ABBREVIATIONS
AADT Average Annual Daily Traffic
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EPDO Equivalent Property Damage Only
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FYRR First Year Rate of Returns
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LoSS Level of service of safety
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South African Road Safety Assessment Methods
Volume 1: Network Screening

VOLUME 1: NETWORK SCREENING

1 Overview of road safety management and relevant methods

Saving more than 6,000 lives per year on our roads is a shared responsibility which
needs to be supported by efficient Road Infrastructure Safetylanagement
procedures. Such procedures need to cover the whole lifecycle of a road
infrastructure from early planning to operation. International best practice
guidelines and tools for increasing road safety have been developed based on
successfully appliel procedures in countries across the world. These guidelines
and tools can serve to give scientific support and direction to practitioners
concerned with road design and road traffic safety in the development of locally
applicable practices that take accont of local conditions, limitations and
opportunities, and expectations.

The development of Road Safety Infrastructure Programs that give effect to road
safety targets and outcomes specified in either local level strategies and/or aligned
with those specifed in guiding strategic road safety documents, e.g., the National
Road Safety Strategy 2016- 2030 (NRSS), is an ongoing process that needs to be
supported unequivocally through programmes and budgets. Currently, however, it
is not typical that the analys of the achievability of the road safety targets is based
on or directed by funding provisions or forecasts. Nevertheless, all the tiers of road
authority need to endeavour to quantify the funding required for achieving specified
road safety targets. Thé&NRSS can only be realised through effective infrastructure
programs. That which could be achieved with more funding also needs to be made
known. Reciprocally, what would be achieved with lesser levels of funding (with a
concomitant lesser impact on roaddtalities, injuries, and damages) needs to be
estimated. There needs to be a deep understanding of the implications of diverting
investment away from the improvement of road safety over the next decade or two.

In line with international strategic road safy guiding documents, the NRSS has
the Safe System philosophy as a foundational principle. However, South Africa (and
numerous other countriesdoes not have all processes in plac® give effect to the
Safe System. It is, however, encouraging knowing theanhbedding the NRSS Safe
System approach into road safety management processes will make it possible for
road authorities on all tiers to not only deploy current beptactice processes, but

to also develop the necessary systems for harnessing staiéthe-art road safety
management with a focus on achieving road safety results.

This TRH 29 addresses ‘road network scre
respectively in Volume 1 and Volume 2. Road network screening (Volume 1) refers

to the curative processt h a't i nvol ves i1 dentifying thos:t
promi se’ t hat wi || t hrough appropriate
contribute to the reduction in future road casualties. Road safety assessments
(Volume 2) includeskthevptoassgessmeht' ' nart
i nspection’ to proactively identify road

treatments to mitigate against such at those accident locations with promise
1



South African Road Safety Assessment Methods
Volume 1: Network Screening

according to a suitable priority ranking method. Volume&8d dr esses ‘r oad
audi t’ which also includes road safety a
safety investigation, formerly road safety appraisal). To clarify the application of this

TRH 29 in the broader road safety management context, thetboe for the more

generally used tools available to road safety practitioners is provided graphically

below inError! Reference source not foundSince the terms and definitions of m

any of the tools varies across international literature and manuals, the outline also

serves to demarcate the application of the tools within the framewodf the stages

of the whole lifecycle infrastructure planning and operation stages. The tools
highlighted are of specific relevance to this TRH 29.
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Figure 1-1: Outline of road safety management tools
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DESCRIPTION OF TOOL AND APPLICABLE UTILISATION CONTEXT

WHERE AND WHEN USED

NOTES AND OTHER DESCRIPTIONS

Road safety audit *

The definition adopted in SARSAM 2022
assessment process of a new or upgrading road or traffic project, in which an independ
and qualified team proeactively identifies potential road safety concernshat may lead to
serious injuries or fatalities of all road users. and suggests measures to mitigate such ris
applying Safe System principles.”

i 9

v

Road Safety Audit is applied during the plannin
and construction stages of a road. Audits can b
carried out several times during planning ang
construction. The final stage of auditing is often
test drive of the road a brief time before it ig
opened to traffic, permitting lasiminute
corrections to be made.

In literature the general description of RSA is that is a
systematic assessment of plans for new road scheme
intended to ensure that new roads have the loweg
attainable accident potential for all kinds of road users.

The audit process aims to avoid future accidents I
removing unsafe features before thg are constructed.

Road safety investigation *

A Road Safety Investigation (RSINV)agsormal systematic examinatiorof an existing road
location, in which an independent and qualified team reviews eite conditions and historical
evidence to identify existing or potential road safety problems and suggest measures
mitigate those problems.

The aim is to identify prolem features which are not yet apparent from the accident histor
or new problems introduced by engineering changes to the road or by modifications in the
it is used. RSINVs are therefore performed according to the same procedures as road sg
audits. RSINVs can be organised as thematic inspections, for example, an inspection of gt
rails only. Thematic inspections will often cover a larger proportion of the road system tf
general inspections will.

The selection of roads for RSINV can either baded on the results of network screening or
programme of periodic inspection, e.g., Network Level Assessments (NLA), in which
sections of the road network are inspected at fixed intervals.

RSINV is applied:

i. during the normal operation of a road, i.e
when the road is open to traffic and no majo
maintenance or upgrading works are i
progress

il. when normal or extraordinary maintenance i
planned.

RSINV may also contribute to error correction ar
hazard elimination.

RSINV would generally be warranted whethe
estimated cost of a road safety improvemen
project is higher than a policypased threshold
value, e.g., RL 000 000.

In the SARSM 1999, this was name8tage 6 Road Safety
Audit: Existing Facilitiesin SARSAM 2012, this was name
Road Safety Auditson Existing Roadsor Road Safety
Appraisals The workshop** resolution suggested a namg
change to “Road safety 1in

In literature, the general reference to the RSA proce;
includes both the road safety audit of new road project
and of existing road alteration or upgrading projects. In thi
TRH 29 reference to RSA will impart this meaning unle
there is specific reference to RSINV.

*

Network screening is a process where the variation in the number of accidertstween
sections of a road network is analysed statistically. The objective of network screening i
identify road sections that have safety problems either in the form of an abnormally high
number of accidents, a high proportion of severe accidents athigh proportion of a particular
type of accident. Screening may comprise the entire road system under a road authority o
limited to a particular type of road or traffic environment.

There are several versions of network screening, ranging from simpiankings of road
sections according to the recorded number of accidents to statistically advanced techniqu
based on accident prediction models.

Scoring roads by risk according to the protocol developed by the International R
Assessment Programme (iRP) can be viewed as a form of network screening. iR
awards from 1 to 5 stars depending on the level of builh safety of a road. However
there are limited validation studies on the relationship between the star rating scal
and accidents.

Network screening

Accident malelling

Accident models are developed by statistically assessing how variation in the number
accidents is explained by a range of measured variables and factors, generally using advan
regression techniques. The purpose of accident modelling is to mdi#y factors which
significantly influence the number of accidents and estimate the magnitude of their effects

Network screening and accident modelling ar
usually based on the entire road system. No roac
are selected for a particular reason, and th¢
objective of both network screening and acciden
modelling is to describe normal variation in safet
on roads that are in normal operation.

IRAP relies on accident rates or accident costs p
kilometre. Apart from problems with the
availability of such infomation, this approach
incorrectly assumes a linear relationship betwee
accident frequency and the measure of exposurg
It also does not control for the confounding effed
of regression to the mean.

HSM definition: Network screening is a process f
reviewing a road network to identify and rank sites fron
most likely to least likely to realise a reduction in accider
frequency with implementation of a countermeasure
Those sites identified as most likely to realise a reductig
in accident frequency are stugtd in more detail to identify|
accident patterns, contributing factors, and appropriats
countermeasures.

Monitoring road user behaviour

The monitoring of road user behaviour also hg
several purposes. It is both intended to give

representative pcture of normal road user
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DESCRIPTION OF TOOL AND APPLICABLE UTILISATION CONTEXT

WHERE AND WHEN USED

NOTES AND OTHER DESCRIPTIONS

One of the most important factors influencing road safety is road user behaviour. Seve

national road safetyprogrammes contain a number of safety performance indicators that a

based on road user behaviour. The most frequently monitored forms of behaviour include

1 Speed

1 Seat belt wearing

9 Driving without a driving licence
A very important form of behaviour is drking and driving or driving under the influenc
of drugs. These forms of behaviours are rarely monitored systematically, and d
available on their prevalence are unreliable and incomplete. Other potentia
important types of behaviours that are rarelynonitored systematically and reliably
include use of mobile phones and driving when fatigued (sefports should not be
treated as reliable).

behaviour and help identify risky behaviour thg
may be a target for interventions.

It therefore represents roads both in norma
operation as well as the identification ang
correction of errors or departures from norma
operation.

Network level assessment *

A network level assessment (NLA) is a routine, programmed and systematic field surve)
existing roads to identify risk factors that can be mitigated to achieve enhanced safety.

NLA is a proactive safety management tool. tomprises a routine, programmed an(
systematic field survey which is conducted proactively on existing roads to identify risk fact
and to achieve enhanced safety.

NLA results in a formal report detailing road hazards and safety issues supported witleosl
and photographs. A NLA is a standardised survey conducted to collect prescribed data relg
to existing road characteristics (road and environmental features). This allows
identification of sections of road that warrant further investigation, sticas a Road Safety
Inspection (RSI) or further for a RSINV.

The NLA is primarily a mechanistic data collectig
exercise that can be conducted by trained sta
who need not be experienced road safet
assessors. They could be part of the general are
maintenance teams who then prepare a summar
report for consideration by specialist staf
experienced in road safety and acciden
investigation or RSA to consider the findings an
develop the detailed road safety investment plar
NLAs are applied:

i) during the normal operation of a road, i.e.
when the road is open to traffic and no majo
maintenance or upgrading works are i
progress

i) when normal or extraordinary maintenance i
planned.

NLA may also contribute to error correctio
and hazard elimination.

In the Afrian Development Bank literature this is defineq
as Road Safety Inspection. The workshop** resolutio

suggested the use of “Roa
Level)” t o as s o-activa hature wfi the
assessment . “Net wor k | eas
adopted based on the latter.

*

Road safety inspection (RSI) i@an expert assessment of the road environment conducted

response to an identified road safety issuen a section of the road network. RSIs involve th
expert and indepth review of the safety of existing roads. In addition to identifying safe
problems, the assessment team should seek to identify and recommend viable and ed
effective measures which wl improve safety.

These recommendations can be in the form of preliminary designs. Depending on whether
estimated cost of implementing such a preliminary design would exceed a polased
threshold cost, e.g., R 50®00, the preliminary design wilheed to be subjected to an RSIN\

Road safety inspection

Once a highlrisk road has been identified through
an NLA, an RSI can be conducted in more det
to determine whether any of the physicg
deficiencies detected through the NLA can b
treated.

This approach can be conductedrespective of
the detail and accuracy of accident data that are
available.

In the African Development Bank literature, this is define
as Road Safety Assessment. PIARC defines a Road Sa
Inspection as asystematic, onsite review, conducted by
road safety expert(s), of an existing road or section of rog
to identify hazardous conditions, faults and deficiencie
that may lead to serious accidents

The workshop** dealt with road safety audit and not with
any other road safety management tools.

Identification and analysisof accident locations (leading to the ranking of high accider
concentration road sections)

i) Accident locations should be identified from a population of sites whose members can
enumerated. This permits the formulation of precise stastical criteria for the
identification of accident locations.

Accident locations should be identified in terms of the expected number of accidents, f
the recorded number of accidents. This is best done by identifying accident locatid
according to the Empirical Bayes (EB) estimate of safety at each site

The identification and analysis of acciden
locations, as well as road protection scoring, af
intended to identify factors related to road desigt
or traffic control that may lead to accidents o
make the accideits more severe. Ideally
speaking, there should be no need for thes
procedures if the road design has been proper
audited before construction, and if regula
inspections have kept emerging problems unde
control.

The existing guideline isThe Revised K21: Identificatior
and improvement of hazardous locationsof 1991, which
may be considered outdated in several respects.
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DESCRIPTION OF TOOL AND APPLICABLE UTILISATION CONTEXT

WHERE AND WHEN USED

NOTES AND OTHER DESCRIPTIONS

lii) Accident locations should belong to the upper percentiles of a distribution of sites w
respect to the expected number of accidents.

iv) A suitable period of data for identifying an acciaé location is 35 years. This is a
compromise between the need for detecting accident locations quickly and the need
accumulating a sufficient number of accidents to permit analysis.

v) Accident severity can be considered when identifying accident locais, provided the
expected number of accidents can be reliably estimated at each level of severity.

vi) Specific types of accident can be considered when identifying accident locations, provig
reliable estimates of the expected number of accidents by typeeaavailable.

Road protection and road user exposure scoring

Road protection and road user exposure scoring is an assessment of how forgiving a roa
or how well road users are protected.

E.g., aroad is scored as safe with respect tanningoff-the-road accidents where:
vii) the speed limit is not higher than 50 km/h, or

viii)a safety or clear zone exists of at least 4 meters wide and the speed limit is not higl
than 70 km/h, or

ix) it has a safety zone of at least 10 meters wide and a speed linmigher than 70 km/h.

A safety or clear zone is a level area beside the travelling lane which does not contain fi
obstacles that may cause injury in the case of an accident. Examples of fixed obstacles incl
rocks, trees, bridge supports or abovground portions of watercontaining structures.

However, many roads were built accordintp
other design standards than those that appl)
today and long before the advent of road safet
audits or safety inspections. Moreover, change
in traffic patterns that were not foreseen when ¢
road was built can lead to the development o
accident locatbns even if a road complies with
design standards. One must therefore expe(
accidents to occur even on the seemingly safe
roads and try to detect patterns in accidents a
early as possible in order to develop remedig
measures.

The procedure proposed inthe Outdoor
Advertising Engineering Manual (SARTSM Volu
2, Chapter 22), utilises a form of protectior
scoring for the Safe System compliant clear zor
element of the warrant structure.

Objective studies, e.g., conflict studies, naturalistic driving studies

A traffic conflict is any event that would have resulted in an accident if road usdrad
continued travelling without changing direction or speed. Conflicts can be rated according
their severity. A serious conflict is one that nearly results in an accident (néadt), in which the
road user makes evasive manoeuvres at the last moment.

Another technique that permits an objective assessment of the severity of traffic conflicts a
their relationship to accidents is naturalistic driving studies.

Conflict studies and naturalistic driving studie
also mainly shed light on actual or potentig
accident problems. These tools are therefor
most useful in analysing problems that have ng
been successfully prevented, in particula
problems that are the result of interactions
between human factors and infrastructure
elements.

In depth analysis of acidents

Official road accident statistics are, in most countries, not sufficiently detailed to enable an
depth analysis of accidents. lalepth studies try to reconstruct in detail the events that lea
to an accident and identify the factors that produed injuries and damage. lalepth studies
often focus on human factors, as these are normally only recorded in fairly crude terms
official accident statistics.

Important elements of indepth studies that are not always part of official accident statis8c
include the reconstruction of preaccident speed, the estimation of impact speed, th
identification of technical defects in vehicles and a comprehensive assessment of the role
human factors, such as blood alcohol content, traces of illicit drugs, ddaelt wearing (which
is often incompletely or inaccurately reported in official statistics), the sudden onset of iling
immediately before the accident, indications that the driver had fallen asleep before t
accident or indications of driver distractin.

Road Safety Impact Assessment of investments (e.g., strategic road network planning, |
development) and road safety measures

Indepth studies of accidents have severg
applications. Such studiesnay obviously identify
problems of road design or traffic control, but the
can also identify problems related to vehicles. Th
assessment of the impacts of road safet
measures is important when choosing the mos
effective measure to reduce a certain rahsafety
problem. There will usually be more than on
measure that can help reduce a given road safef
problem. Impact assessments should therefor
be based on a broad survey of all potentiall
effective road safety measures.

The use of RSIAs isnon-uniform. It can
concentrate on one single project, for instance
new access interchange, and can in this way b
based on:

1 expert opinion

TMH 16 would be (somewhat) applicable as to include
type of RSIA, although the road safety impact reference
with respect to heavy goods vehicle movement generatio
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DESCRIPTION OF TOOL AND APPLICABLE UTILISATION CONTEXT

WHERE AND WHEN USED

NOTES AND OTHER DESCRIPTIONS

Road Safety Impact Assessment (RSIA) denotes the estimation of the expected effec
accidents and/or injuries of investmens or road safety measures, performed as part of th
planning process.

When decisions on large projects or new road schemes are made, their impact on road sa
is an important matter. A RSIA can help to identify the safety effects of different proposeaii
or traffic schemes (alternatives) or policy actions (e.g., changing speed limits). It usually co
the whole or a large portion of the road network which is affected by the measure.

9 qguideline or literature

9 traffic models including risk factors of
accident prediction models

9 traffic  models includng costbenefit
modules.

Other safety management tools

X) Setting safe andcredible speed limits

xi) Management of outdoor advertising targeted at road traffic

xii) Access management

xiii)Work zone traffic management planning and work zone safety inspections

The speed of traffic is one of the most importan
factors influencing road safety.

The objective is to set speed limits that are bott
safe and credible, i.e., accepted by road users g
reasonable and therefore eliciting a high level ¢
compliance.

SARTSM Volume 2 Chapter 20: Setting of speed limits a
SARTSM Volume 2 Chapter 22: Outdookdvertising
Engineering Manual are currently in the approval procesy

TRH 26: South African Road Classification and Acce
Management Manual is relevant regarding road acceg

management.

SARTSM Volume 2, Chapter 13 is relevant

accommodation of traffic during construction.

f

= The Working Document Workshop of the National Road Traffic Engineering Technical Committee held on 05 May 2018 regardihgRlrevi ew of t he South African

Road

Saf
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Introduction to the investigation and correction of accident
locations

The identification and i mprovement of “h
element of road safety management plans for many countries for more than half a

century. South Africa had its firgguidelines to support hazardous location remedial
programmes in circulation before 1972.

The Revised K21:ldentification and improvement of hazardous locationsvas

published in 1991 as Research Report 88/095/2b under the South African Roads

Board Researchand Development Advisory Committee. It is still a relevant process,
except in recent |iterature, the referenc
instead of ‘“hazardous | ocati ons’ (or ac
policies meant a shiffrom merely recognising a hazardous location when accidents

and casualties exceed a certain minimum
demonstrates common hazardous features, causal to the occurrence of specific

types of accidents that can be effectivg treated. In the remainder of the document,

the term ‘accident | ocation’ i's consequen
System philosophy is the paradigm of road safety being a public health issue. This
brough about favourimgtehe ofrm mprewaeée men
(World Health Organisation, 2017).

Treating accident locations has been the mainstay of actions to reduce road traffic
casualties to the extent that, in recent times, countries considered to have the
wor | d’ soads ardé reositig on from this type of reactive intervention to more
proactive efforts to eliminate/prevent roadelated risk that can potentially result in
road traffic accidents with fatalities and serious injuries (Bonnet, 2018). The reason
for this is that these countries have remediated their definable accident locations
(or black spots) and are now focusing on the more systemic issues that can be
foreseen to be potentially harmful to road users, thereby eliminating or avoiding
accident locations as thg endeavour to achieve sustainable safety (zeh@arm)
policy objectives. Accident locations manifest as sites, routes or areas of the road
network where accidents with identifiable similar attributes occur at a frequency
that will allow engineering invesgation for potential treatments (Bonnet, 2018).
Accident locations become identifiable through the study of recorded accident
incidents. Together with retrospectively addressing them, this is typically referred
to as a curative or reactive approach (Feddrdlighway Administration, 2018).

The process of identification and treatment of an accident location thus relies on
the collection of historical data of accidents and the collation of intelligence to
correlate road safety problems with effective feasibledatments in a systematic
and consistent manner (World Health Organization, 2010). This requires significant
investment and diligence particularly in the collection, processing and analysis of
accident data through a network screening process.
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Inthesectons f ol l owing, the term ‘curative af
approach’ (Feder al Hi ghway Administration
of ‘“taking care’ entailing a monitoring
learning about existingproblems so that these can be addressed. It thus suggests

aproactive intent to prevent further har m.
‘“waiting for something to happen’ or wa i

is somewhat defiant of the ofective to actively manage road safety.

Figure 21 shows the outline of a process, with eight pertinent tenets, for ensuring
that curative responsibility for road safety management continues to be
institutionalised with the focus on the networkscreening process. Network
screening in road safety practice is followed by the identification of accident
locations, road safety inspection of accident locations, developing treatments for
accident locations and the prioritisation of, and budgeting for alent location
treatment projects.

Review, feadback, research and development, skills audit, and development

Figure2-1: Institutionalisation of the network screening process with Tenets 1 to 8

Tenet 1: Recognition of vested obligations and responsibilities

There are several curatorship responsibilities vested through various legislation
and their delegations, with particular reference to the subsidiarity of national,
provincial and municipal spheres of government, that are becoming better
entrenched to advarce the management and performance of the transport system.
Fiscus rules and associated funding frameworks, e.g., the Division of Revenue Act,
are being expanded to include road safety investigations and remediating actions
more specifically for funding grats, prerequisites, and compliances. With the cost
of accidents being quantified (RTMC 2016), it is imperative that road authorities
assist with communicating the health burden of road accidents on their respective
communities. Road authorities need to see the opportunity to act on the road

8
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accident health burden as part of the NRSS to achieve a 50 % reduction in road
fatalities by 2030. Reacting to the evidence as to why accidents take place is a
proven method for achieving curatorship objectives and tassume the shared
responsibility for road safety management with the necessary diligence.
Responsibility for road safety rests primarily with every mandated authorityhis
solemn responsibility needs to be supported at the highest political level at eyer
sphere of government.

Tenet 2: Develop and commit to a standard operating procedure

A Standard Operating Procedure (SOP) needs to be compiled and adopted as
formalised protocol for conducting network screening and associated road safety
investigation andanalyses work. This should include specification of:

1 The person or department with specific responsibility for investigation of
road safety issues (normally a dedicated road safety team in a roads
department). The road safety team needs to comprise dediea
professionals whose focus is predominantly, if not entirely, road safety.
They need to be trained and provided with high quality advice and
technical assistance until they have gained sufficient experience.

1 The level of resources (financial and persoef) necessary to achieve a
focused improvement in road safety. The level of resources required will
depend on the extent of the road network for which the road authority is
responsible. At a very minimum, there will need to be data analysts and
road safetyengineers so that the statistical analyses can be conducted.
Thereatfter, identified accident locations are to be investigated through
site visits and remedial treatments to be conceived, designed and
planned.

1 The detailed process to be followed as set ouh formally adopted
manuals or guidelines. These documents should specify the approach to
be taken in analysing data to identify high priority locations, conducting
site visits and development of a treatment plan.

1 Requirements for the extent of improvemerno be achieved and over what
period. This may be a numerical target associated with treatment of a
proportion of the highest risk sites/sections or roads. Longer term
casualty reduction targets associated with the improvements can also be
developed.

1 Mechanisms for monitoring performance. These may include formal
monitoring of casualty numbers or the evaluation of remedial treatments.

Tenet 3: Dedicated road safety team

A road safety team should consist of appropriately qualified personnel with
mathematics, engineering or statistical training to perform the analyses of collected
information and to execute the prescribed procedures and with due regard for all
relevant regulations and guidelines. Initially this team may have limited knowledge
and experience 6 road safety analyses, in comparison with the level of detail that

9
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is required for the assessment task. This team may also be part of the general
engineering department who have been given responsibility for road safety as part
of other network managementduties. However, as part of the organisational
responsibility they will be required to develop the necessary skills and gain
experience over time to provide improved accuracy and analytical detail. To deliver
on these various functions reliably, the orgasation will need to develop and offer
structured training to the team to enable them to conduct accident location
analysis, route/corridor analysis and/or area analysis.

In addition to the analysis team, experienced road safety engineers are required to
investigate the results of the analyses conducted and develop appropriate
treatments and prioritised road safety investment plans.

Tenet 4: Business case development, funding requirements and budget.

Conducting the curative tasks requires anticipating thefincial resources required
to implement a planned programme of interventions. Therefore, an annual budget
needs to be established for the treatment of road safety problems identified on the
existing road network- irrespective of how these have been ideified. Economic
appraisals that can demonstrate acceptable returns on investment will be a good
motivation for consistent yeaon-year funding.Arguably, investment in road safety
will ‘“always’ (in the short terrmaratgsr esent
of return that are reported for investments on road safety projects can be expected
to be of the order of 3 to 70 times the investment (iRAP, 2021)here are several
different approaches to economic appraisal. Adopting a specific business apgech
will depend on a selected method and the development of some formal protocol
for economic analysis.

Tenet 5: Collection of data and investigative work.

The curative techniques described in this TRH 29 require systematic collection of
data (the detail and complexity of the data vary across the respective techniques
discussed in this TRI29). The collection and improvement of accident data quality
is described in detail in Sectiot. Naturally, precise accident location references
are important for conducting of accident location analyses.

Regular and systematic collection of traffic flow and speed data, along with
comparable population and network length data ian important function of road
authorities. Well established rules exist regarding maintaining road asset
management systems. Accurate information about road assets, including
operational information is key.

1 Traffic flow data significantly enhances the qu& and utility of
route/corridor studies. Population data can enhance the quality of area
studies. Often these data are collected by a road authority (or district/local
municipality) for other projects (e.g., planning, environmental impact
studies, etc.)and so may already be available.

10
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1 Collating such information as an integrated effort with other departments
is advisable (also see TMH 18: Road Asset Data Electronic Exchange
Formats).

1 Speed data can also be extremely useful when conducting siteviews.
Some important facets are noted below:

o As now entrenched in the Safe System approach, speed is a key
factor in determining both the likelihood of an accident happening
and the severity thereof.

0 Speed data should generally be collected at the santiene as traffic
flow surveys.

0 As a standard configuration, automated traffic logger equipment is
already setup to record traffic flow and spot speed information.

Tenet 6: Capacity development and training.

It is well known that every road authority shoulthave the inhouse capacity
necessary to take ownership (and responsibility) of the overall road safety problem.
Capacity may be expanded (e.g., through contracted services, etc.) for specific
reasons to achieve specific sho#tierm objectives, but there hago be core capacity

to ensure commitment, rigor and continuity of effort to drive road safety
improvement programmes over the lonterm, i.e., 10+ years. A road authority
should consider the following activities:

1 Training of staff (potentially as internsps by local
consultants/practitioners)

1 Mentoring of staff (potentially by local consultants/practitioners) so that
they gain experience and fulfil the experience requirements for those
conducting site visits and development of a treatment plan

1 Training fa designers on road safety engineering to adequately interpret
the safety interventions/treatments proposed.

Tenet 7: Monitor and review

Before implementing proposed treatments (as described under Tenet 4), it is
normally necessary to assess their potentiampact to make a business case for
investment. Information on the efficacy of treatments has been compiled from
research conducted in countries in Europe, the USA and Australia. Little is known
about the true effectiveness of the treatments under differg circumstances in
Africa (African Development Bank (b), 2014)

An understanding of local effectiveness can only be established if road authorities
monitor and evaluate the performance of any (and all) measures implemented.
Organisations therefore need to introduce a system for monitoring and reviewing
the performance of any treatments that are installed (see Sectio8). Such
evidence can subsequently be used to identify the most appropriate safety
improvements to incorporate in revised design standards.
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This is particularly important in any country where development of the road network
is occurring at a fast pace and where research coaming road characteristics and
their impact on road safety outcomes is not available.

Tenet 8: Review results, goal achievement, research and development, skills audit and
skills development.

3.1

Research and development, and knowledge transfer concern thessymatic and
ongoing creation, codification, transfer and application of knowledge that
contributes to the improved efficiency and effectiveness of the road safety
management system to achieve the desired focus on, and of, road safety results.
Continuous eedback is thus essential to monitor progress towards the
achievement of road safety results, improve the efforts from lessons learned, to
demonstrate needed impact and to become more efficient. It is the mechanism to
build understanding of what is requird in terms of executing effective and efficient
road safety improvement programmes that will deliver on the endeavour to reduce
road traffic deaths by 50 per cent by 2030.

The curative approach concept

Using intelligence to direct and inform road safety pgrammes and individual
interventions is known as taking a curative (or reactive) approach. This involves
using accident data to identify accident locations (previously referred to as
hazardous road locations or accident blackspots), routes or areas acrdkg road
network. Once an accident location of interest (based on quantifiable risk level,
accident frequency, accident rate, accident type, design feature, etc.) has been
identified, the site is reviewed in detail and a treatment project or programme
devised.

Curative approach as part of wider road safety management

The objective of Road Safety Management is to integrate all road safety activities
such that a systematic approach is taken to reducing death and serious injury at all
stages of roadnetwork development and maintenance project lifecycles. Effective
road safety management programmes need to provide an optimal balance between
curative and proactive strategies.

Curative approaches are used, along with proactive approaches (NLA and RSA RS
and RSINV), to manage the safety of the existing road network. Most of the existing
road network will predate modern road safety approaches and design standards,
SO it is important to ensure that the roads are assessed and treated to be as safe
as theycan reasonably be. The recording of accident information to sufficient detail
and accuracy to facilitate ‘“evidence
and effective treatment programmes, is an ongoing challenge and not only in
South Africa.
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Accident data exist
and include
accurate accdent
coordinates

Accident data exist
and include the
road name/route

Accident data exist
but with imited
location
information

No accident data

Figure3-1: Managing road safety on existing roads with different levels of quality
and availability of accident data (adapted from African Development Bank, 2014)

Figure 3-1 provides an indication of the curative methods that can be applied to
manage thesafety on existing roads when accident data availability/content is at
different maturity levels in terms of quality and availability.

Conducting accident location analysis (Sectio6.3) is reliant on the quality of
accident data (i.e., must include accurate descriptions and locations of the
incidents). Sketch drawings with proper reference points, road names, route
descriptions and the like are currently more genergllused to indicate accident
locations, but precise accident coordinates that are established at the scenes of
accidents have important advantages. Apart from the ease of recording made
possible through using GPS devices in conjunction with Geographic Infation
System (GIS) and other advanced applications, more sophisticated analyses and
information visualisation options become available. It is possible to derive accident
coordinates from sketches and other descriptions, however, this is a very labour
intensive process and one in which introducing significant error is hard to avoid.
Recording accident coordinates from the onset, will thus contribute to better
efficiency in the data validation and collation work. On the negative side, the
accident database and system need to be geared towards the incorporation of
accident coordinates (as well as other conventional location referencing) to avoid
other validation and inconsistency issues. Improvements to the accident register
system are currently underway by ¢hRTMC, the authority responsible for the
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electronic national administration traffic information system (eNaTIS) in which the
accident information reside (or is intended to reside).

A detailed discussion of the accident data as an important topic in roadfsty
management is provided in Sectiod below. In the interim, it may continue to be
necessary to use road names or sections to identify routes/cators that are of
interest through route/corridor analysis (Sectior6.4). This can only be done if
accident data are systematically collated in an accident databasend if road
names are spelt and entered in a rigorous manner.

If road names are not recorded in a sufficiently accurate or systematic manner, it
is sometimes possible to conduct area analyses (Sectidh5) using the police
precinct reference (e.g., SAPS station name) which is often included in an accident
report (AR form) or Crime Administration System (CAS) register.

Curative approach and the Safe System

The SafeSystem Approach (SSA) reframes the way in which road safety is managed
and viewed. Fundamental to SSA is the
which entails that all elements of the transport system be addressed in an
integrated manner to ensurehat the accident potential is limited, and the human

is protected in the event of an accident. A key aspect of Safe System working is the
focus on perceivable risk, based on known risk factors which can be applied
universally regardless of the differingelels of road safety performance. Slight
variations in the conceivable interventions might be appropriate, however.

The road transport system is a road network in continuous development through
changes and additions. Under the Safe System working, the aisfor the road
transport system to evolve to be forgiving of human erretaking the vulnerability
of the human body into account. The Safe System accepts that even the most-law
abiding and careful of humans will make errors. The Safe System endeavouwrs t

al so ensur e t hat road user s wh o enter

competent, alert and compliant with traffic laws. This is achieved through road user
education, managing the licensing of drivers and law enforcement.

The challenge under a Saf€ystem is to manage the interaction between vehicles,

travel speeds and the road to not only reduce the number of accidents but, more
importantly, to ensure that when accidents occur, they do not result in death or
serious injury.

Whenroad usersenterth ‘* Safe System’, there are
to work together to protect human life:

1 Safe vehicles: Vehicles that have technology that can help prevent
accidents (e.g., electronic stability control (ESC) and Aotk Braking
System (ABS) brak® and safety features that protect road users in the
event of an accident (e.g., airbags, crumple zones and seatbelts). This
requires the promotion of safety features to encourage consumers and
fleet operators to purchase safer vehicles.
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1 Safe roads: Roadghat are selfexplaining and forgiving of mistakes to
reduce the risk of accidents and to protect road users from fatal or serious
injury. This requires roads and roasides to be designed and maintained
to reduce the risk and severity of accidents.

1 Safespeeds: Vehicles travel at speeds that suit the function and the level
of safety of the road to ensure that accident forces are kept below the
limits where fatal or serious injury results. This requires the setting of
appropriate speed limits supplementedy enforcement and education.

The Safe System approach is also supported by effective road safety management
and postaccident response. The Safe System philosophy requires a shift in thinking
away from blaming the driver for the mistakes they make. The f8aSystem
challenges those responsible for designing the road transport system to share the
responsibility to manage the interaction between road users, vehicles, travel
speeds and roads (African Development Bank, 2014).

The importance of speed

At lower spgeds a driver will have greater opportunity to react and avoid an
accident. Speed also affects the severity of accidents. Higher speed accidents
involve more kinetic energy (kinetic energy is proportional to the speed squared).
The more energy that is disgrsed in an accident, the more severe it tends to be.
Four main accident types, account for most fatal and serious injuries:

1 Accidents involving Vulnerable Road Users (VRUS), i.e., pedestrians,
motorcyclists, cyclists, public transport users anaad-side vendors.

1 Side impact accidents at intersections

1 Headon accidents

1 Runoffthe-road accidents
Other accident types do occur across the road network, but they are less likely to
have fatal or serious injury outcomes. The grapl&Error! Reference source not f
ound.from Wramborg (2005) (sed~igure 3-2) plot accident speed against fatality
risk and show that with increasing speeds, the risk of fatalitlycreases very sharply
for the first three accident types listed above.

15



South African Road Safety Assessment Methods
Volume 1: Network Screening

Side
Collision

90 J Pedestrian
or Cyclist

Hud-On or
Fixed Object

Risk of Fatality %

| B LR

L=
o 10 20 [0 « [) oo [ 0 % 100 110[120 130 Kph

Collision Speed  kph

Figure3-2: Survivable speeds according to Wramborg (2005)

Several guiding principles for survivability emerge from the aforementioned:

1 Where conflicts between pedestrians and carsra possible, the speed at
which most will survive is 30 km/h- this is represented by the red series
1 Where side impacts are possible at intersections andjdnctions, the
speed at which most will survive is 50 km/h- this is represented by the
blue series
1 Where headon accidents are possible (e.g., where there is no median
separation), the speed at which most will survive is 70 km/k this is
represented by the black series. Similar research on ruiff-theroad
accidents was undertaken by Stigson (2009). &ording to this work, a
road i s consider ed ‘' -offafeswadadcidentsikitur vi v a
has a:
0 Speed limit not higher than 50 km/h, or
0 Safety zone of at least 4 metres wide and a speed limit not higher
than 70 km/h, or
0  Safety zone of at leas10 metres wide and a speed limit higher than
70 km/h.

These principles are not speed limit suggestions, but rather a guide to managing
conflict points on a road network.
3.2.2 Applying safe system principles to curative approaches

The collection and use ofdata are very much at the heart of the Safe System
philosophy. It embraces evidencbased inferencing and action. The target of
reduced or even zero road fatalities and serious injuries must be attained in the
most efficient and economical way possible {i@rnational Transport Forum, 2016).
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Safe System working has a clear emphasis on monitoring and evaluation to identify

what works and what does not. Monitoring and evaluation can only be conducted if

a range of data are systematically collected and analysedn important focus of

the Safe System is to reduce road fatalit
can only be assessed by using appropriately detailed accident datawhether

collated from SAPS, medical or other sources. In addition to acaidedata,
intermediate indicators of road safety performance can be measured and used to

inform the curative approach. In particular, speed data can be particularly useful

when considering engineering treatments.

At the heart of any effective programme taeged to significantly improve road
safety there needs to be credible and systematic use of data to guide decision
making. There needs to be well thoughhrough analysis to develop strategies
based on the best evidence available and objective efforts to mitor the
performance. Safe System working strongly recommends the proven public health
approach as a basis for improving road safety. This way of working is relevant to
tackling road safety, which is essentially a public health problem. In this approach,
data are used to identify issues, develop treatments and then continually assess
the impact of interventions.

Al t hough it is often said that *‘we know
approaches and treatments have generally only been evaluated iountries which

have been systematically tackling their problems for many years. These countries

have very different traffic mixes and driver behaviours compared with typical South
African conditions. Safe System working emphasises that research is vital to
identify specific local issues and effective treatments. Currently there is a major

gap in knowledge as to how measures actually perform in any of the {cand
middle-income countries, chiefly because data are not of sufficient quality and
because robustevaluation is rarely a priority (Odonkor et al., 2020; Turner et al.,

2021).

Therefore, the collection and analysis of data, evaluation and monitoring of the
effectiveness of treatments must be pursued as a priority to ensure an effective
road safety programme in the future. Proactive approaches such as Road Safety
Audit, Network kvel Assessment and Road Safety Inspection can be conducted
while high quality accident data are collected and accumulateHowever, without
accident data it will not be possible to determine the true impact of these
approaches or the treatments that areecommended as a result.

An overview of curative approaches

Application of curative approaches can be done at three distinct levels of detail,
depending upon the quality of the initial data available. These are described in turn
in the subsections of Sectin 6. Below are short descriptions of the curative
approaches.
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3.3.1 Accident location analysis and treatment

3.3.2

3.3.3

Accident location analysis is concerned with editifying locations on the network
where there is a concentration or high rate of accidents. Problem locations are
identified by reviewing the accident history across the network and locating short
sections or confined places, e.g., intersections, which ¥& higher accident
occurrence than would otherwise be expected given the road character and
features (De Souza et al, 2017).

The accidents at the identified accident locations are analysed to identify common
patterns (e.g., by types of accidents) that maglate to an underlying safety problem
(Mohanty, 2015). Site visits are then conducted to identify aspects of the road that
could be treated to reduce the types of accidents that have occurred. Where a clear
localised road defect can be identified this canften be treated effectively at low
cost (e.g., simply requiring some maintenance intervention). This means that
accident location analysis and management can be a very ceffective way to
improve road safety (PIARC Technical Committee C2 Safer roadsiafrastructure,
2018).

Accident locations analysis requires the accurate location of all accidents on the
network - precise geospatial coordinates will be a great advantage. Where such
accurate information is not available, route/corridor analysis or aaeanalysis may
be possible. These approaches are described in more detail in Secttd and 6.5

of this TRH 29.

Route/corridor analysis and treatment

Route/corridor analyses are conducted to identify high risk sections that require
further investigation and treatment. The highisk sections are tlen reviewed in
depth during a site visit and treatments developed (African Development Bank,
2014). Ideally, route/corridor analysis will be conducted alongside accident
location analysis since they tend to identify slightly different issues. Whereas
accident location analysis is concerned with identifying localised safety problems,
route/corridor analysis is concerned with identifying longer road sections which
may be treated in a consistent manner to improve safety. Once higék sections
have been idenified, the nature of the accidents occurring on each section is
analysed, the site is visited, and treatments developed. Route/corridor analysis is
typically applied on the higher flow rural network rather than on local urban roads
and streets since ruralroads tend to be more homogenous in character and lend
themselves to consistent treatments. This approach is described in more detail in
Section6.4 of this TRH 29.

Area analysis and treatment

Area analysis can be applied where it is possible to identify common accident
themes by area, often using a South African Police Service (SAPS) precinct or
station name to link accidents to a network area. Sucdreas need to be relatively

small and have a high concentration of accidents for the method to be productive,
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and it will thus be more applicable to urban areas. Identification of common
accident types can also help identify potential areaide remedial teatments. This
approach is described in more detail in Sectiof.5 of this TRH 29.

Benefits of taking a curative approach
Taking a curative approacho road safety programmes has several clear benefits:

1 Interventions can be targeted and designed to be as effective and efficient
as possible

1 Effectiveness of treatments can be evaluated.
When the evidence base is lacking, interventions may be inefficieattbest and at
worst may have a negative impact. Taking a curative approach aligns with the
approach taken for other public health issuesFgure 3-3) and has been
demonstrated to be very effective. It is typically reported that major accident
location programmes have an overall benefit to cost ratio of 10 or more to one.
Reports also indicate that accident location treatments reduce accident occurrence
by between 20% and 40% for targeted accident types (Candappa, et al, 2007).

Individual treatments of some accident locations have been reported to be
extremely effective. The impact of route/corridor and area analyses and treatment
is not documented as well as accident location programmes since thesge
relatively new approaches (African Development Bank, 2014).

1: Collect detailed data on
accidents occurring on the
road network

5: Monitor and evaluate 2: Systematically collect
strategies and programmes ‘ complimentary data

3: Analyse data to
understand the nature and
causes of the road safety
problem

4: Use data to develop policy
and programmes that are
targeted at the real problem

Figure3-3: The public realth approach to road safety
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4  Road traffic accident data

4.1 Importance of accident and road data

The process of accurately investigating, analysing and effectively treating accident
locations relies on the use otomprehensive and accurate accident data and data
related to the road and traffic characteristics at the accident locations (World Road
Association, 2014).

Comprehensive and accurate data enables:

i assessing and communicating the scale of the road accideptoblem,
and making the case for increased investment in road safety
1 determining accident locations accurately
identifying events associated with accidents
1 identifying accident contributory and severity factors, thus providing the
basis for selecting targéed remedial treatment options
1 identifying common factors across a number of accidents
1 determining the cost consequences of a single accident, identifying all
accidents at one location or several accidents with common factors
1 accident sites to be ranked sahat treatment can be applied to those sites
that will derive the greatest safety benefits.
A variety of sources of accident data are used to support the development and
monitoring of road safety programmes internationally. The quality of accident data
and of other sources such as medical information on road casualties tends to be
poor. The inferior quality and availability of the range of accident and injury data is
an ongoing major impediment to obtaining significant and measured improvements
in road sakty levels across the world.

=

4.2 Accident reporting and data availability

There is a minimum set of data about each accident which is necessary as a basis
for the sound and satisfactory identification and investigation of an accident
location. A reasonable knaledge of accident data definitions and limitations is
required to accurately interpret this information in any given jurisdiction.

Currently, it is required by law that all casualty, as well as damagpely, accidents
must be reported to the SAPS. The SARSd other road and traffic departments
record motor vehicle accident data using the formal Accident Report (AR) forms.
The data collection procedure is conducted on behalf of the Road Traffic
Management Corporation (RTMC), which has a legislated respoiigibto report
the information. In the past, capturing authorities were commissioned to receive
copies of all AR forms, to capture the data (or otherwise forward it to the RTMC for
capturing). Under normal circumstances, the RTMC would consolidate theadamnd
conduct analyses and interpretations for its annual State of Road Safety Report, in
additions to making data available to road and traffic departments. However, due
to various reasons, including the processing of AR forms, poorly completed forms,
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etc., the reliability, in terms of availability and content, of accident data has
drastically deteriorated over the past decade or more. Fatal accidents are, however,
reported within 24 hours using the seaalled quick response form- i.e., the
Culpable Homiaile Crash Observation Report (CHoCOR). The RTMC receives all the
SAPS CHoCOR forms from the various SAPS stations and captures, processes and
verifies the data— allowing some consolidation for purposes of reporting on
fatalities and fatal accidents. Althogh locality information is required on the
CHOoCOR, this critical information is often incomplete or absent.

There are continuous engagements with provinces and other role players to
improve the situation and some authorities have made gallant efforts to jgiure
accident incidents and to followup to validate incident and accident information
also through Road Incident Management Systems (RIMSs) where these are in
operation. Notwithstanding, the general state is that accident data is not readily
available. Attempts to collect copies of AR forms at SAPS stations often involve
cumbersome processes to get data captured. Reliability, particularly with respect
to statistical parameters, remain a problem, as does the absence of locality
information in which casehe locality will at best be within the precinct of the SAPS
station.

Whilst there are great endeavours to improve the accident data situation, from a
road safety perspective, casualties remain the key indicator of the road safety
problem. In close alignmat with Safe System principles and objectives, fatal and
serious injury accidents are used as road safety key performance indicators. Lower
severity outcomes as well as property damage data (where available) can provide
valuable additional data that can beused to support proposed countermeasure
treatments.

The scale of accident severities is defined as follows:

i fatal accidents-one or more persons killed or died within 30 days

1 serious injury accidents one or more persons admitted to hospital (more
typically based on whether a person was injured and taken by ambulance
to hospital)

1 minor injury accidents- one or more persons injured who were not
admitted to hospital (more typically based on a person not being taken by
ambulance to hospital but requiring radical treatment)

1 damage only accidents where no injuries are apparent.

Purposes of accident data collection

Road traffic accident information is used by a wide variety of people for a wide
variety of purposes. Although not always the case for SouMfrica, the following
parties typically collect accident data:

1 road safety practitioners- for developing remedial or practive road and
traffic measures
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1 SAPS- who may be investigating whether to charge a person with a
criminal offence in relation to a pecific accident
1 hospitals and health centres to monitor their health service requirements
1 lawyers — for acting on behalf of clients in civil litigations regarding
compensation for injuries and other losses sustained
1 insurers—for developing strategiesind to manage claim risks, contribute
to improving road safety (e.g., repairing potholes), etc.
1 those with responsibility for road safety education and publicityo ensure
that their efforts are welitargeted
1 the media
1 SAPS and traffic departments- for strategies in relation to enforcement
activities, e.g., establishing the location for speed cameras or breath
testing stations
1 road safety managers— for exercising their duty to report statistical
information on road accidents
1 researchers - who need access to an accurate, reliable database to
conduct rigorous research
1 vehicle and component manufacturers and suppliers of road materials
who may wish to assess the safety of their products from a viewpoint of
litigation, marketing or product enhancement.
The primary purposes for data collection within different organisations vary in that
the information collected, the way in which databases are established, the
opportunities for data aggregation and analysis, and interpretation of information
is diverse. Theefore, the opportunities to supplement information on one database
with information from another is severely limited. For example, the database of a
motor vehicle insurance company may not record accident location by a numerical
geographic system, as thignformation is peripheral to their insurance claim
assessment concerns and financial management. The database will typically not
be in a format which can be used by someone seeking information about the safety
performance at a particular location. Therehould thus be continuous awareness
of the opportunities that may be afforded through greater integratability of road
safety relevant data (within the bounds of information regulations).

Other data sources are as follows:

9 Traffic data, such as traffic volmes (including traffic composition and
turning volumes), pedestrian flows and vehicle speeds will be helpful,
depending upon the particular circumstances and problems at the site. In
some cases, these will be immediately available, but in other cases they
may need to be collected.

1 Hospitals and other trauma centres typically record the causes of injuries
as well as their nature, extent and treatment. Accident data sourced from
the SAPS or emergency services information may indicate whether
someone was takenby ambulance or not, but typically does not give
information as to whether that person was hospitalised, for how long, or
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whether the injuries sustained resulted in lorkerm impairment. With
advances in technology, and greater collaboration between thasualty
evacuation roleplayers, it is possible to link this information together,
allowing for road safety treatments to be focused on those resulting in the
most debilitating injuries.

In special circumstances, provided confidentiality of patient inforrtian is
secure, hospital data may be made available for research purposes. This
has been done with good effect in the development of countermeasures
to reduce the severity of road accident injuries.

Insurance companies require claimants against policies tprovide a
description of the circumstances in which the loss, damage or injury
occurred. This information is not usually released, although it has been
released as consolidated data by some insurers. It provides a potential for
establishing the true extehof lower cost accidents which are not reported
to the police. Unfortunately, it is generally not in a form which is
compatible with the needs of accident location analysis and treatment.

A further source of information on accident occurrences is tawservices
provi der s’ -ncoatcactarschave mobike phone applications to
capture information onsite, including registration numbers, licence
information, photographs, GPS coordinates, etc. and to transmit to
relevant insurance companies (there igurrently no formal system in
place to utilise this information).

From timeto-time in-depth accident studies are conducted into the nature
and cause of accidents in a particular area or in the case of higiofile
accidents involving multiple fatalities,for instance. These studies are
costly to undertake and involve specialist teams attending accident
scenes, taking measurements and recording accident features. The
results are usually published in special reports. The RTMC has a unit that
investigates hgh-profile accidents (accidents with five or more fatalities)
and there is the intent to publish reports on these on an annual basis.
Local knowledge and saalled anecdotal evidence are important sources
of information about safety problems on theoad network. Although such
accounts are often subjective and need to be regarded cautiously, they
can be a pointer to problems or prompt further investigation. Information
sources can include local residents, businesses, community safety
groups, emergency service personnel, local medical practitioners,
maintenance contractors and local road authority staff.

Interviews of road users, including people who have been involved in an
accident at a site of interest, in a structured format have been used by
some faffic authorities to gain information for the development of
accident countermeasures.

Traffic conflict surveys may be used where the collection of accident data
IS not practical. These involve field observations or video recording of
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conflicts (nearmisses). Technological developments in this field are
aiding with a more consistent assessment of road traffic conflicts through
machine-based techniques. Traffic conflict surveys using electronic
means are thus becoming more feasible as sources of sispecific
surrogate accident data.

T Coroners’ reports can be a wuseful S
concerning specific fatal accidents. The RTMC has established an
arrangement with the DOH to collaborate and verify road accident deaths
with mortuary informaton.

i Site investigations are a necessary component of any treatment or
countermeasure development program and will often yield insights into
the accident history at a site. By spending time at the location that has
seen serious accidents, aspect that cannobe appreciated by merely
reading reports (or watching footage) will be appreciated.

1 Speed survey data also provides a source of information regarding
speeding behaviour.

4.4 Technology available for data collection

Computer based technology is being developéa two significant ways to improve
the accuracy of data collection.

To improve the accuracy of location information

Global positioning systems (GPS) or satellite navigation systems are being used by
most authorities for accurate determination of an accid# location. The person
attending the accident scene uses the system instead of, or in addition to,
documenting the location in traditional terms (ABC Road, xx metres N/S/E/W of
XYZ Street or road number R##, kilometre marker XX.YY). This method has great
potential in rural areas where recording of the distance and direction to identifiable
features can be subject to significant error.

It should not be a problem for any road or traffic department to now use a
geographical information system (GIS) or digitahapping to record accident
locations. This permits accident data to be incorporated within a relational data
base, allowing accident sites to be overlaid on plans showing other geographical
information such as road features, traffic flows, intersectionyauts and land uses.

Modern technology makes the initial collection and assessment of safeglated
data easier and more useful. It is not uncommon to find an ordinary smart mobile
phone with camera applications that records GPS information and can pictpres

to map applications with ugo-date route information. Although there needs to be
awareness of personal information protection, this is available technology that can
greatly assist in conducting initial accident investigations. Furthermore, reseaish
currently underway on incorporating inventory data, e.g., road geometry data and
accident data with the video information. This is to assist high risk route
assessments for the identification of proposed accident mitigation measures. This
research is n its early stages of development.
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To improve the accuracy and completeness of accident data

Menu-driven accident data capture programs (or applications) can be used with
laptop computers or tablets (or even some smart phones) by an attending officer
to ensure that all desired information is collected at the scene of an accident. These
programs can include builn logic and consistency checks on the data as it is

entered.

Accident report forms can be arranged so that the information can be scanned into
the database that will minimise costs and reduce the risk of error in the data
capturing process.

Limitations and accuracy of accident data

It is crucial that practitioners using road accident data understand the limitations
of the data and take steps to reslwe any anomalies which may occur. The
limitations below, some of which may be more profound in the specific context of
South African authorities, include:

1 Underreporting of accident data— although significant attempts are
made to collect and record alrelevant accident data, not all nodatal
accidents make their way to the relevant accident database. Even in
countries with good systems and capacity, research indicates that only
around 60% of serious accidents are recorded in the accident database,
with significantly less for minor injury accidents and that reporting rates
also vary by type of accident e.g., reporting rates were lower for cyclists,
pedestrians and motorcyclists.

1 Systematic reporting bias— numerically, damage only (noinjury)
accidents constitute the bulk of accidents: there are 58 noinjury
accidents for every fatal accident (RTMC Cost of crashes 2016).

1 Random reporting bias- it is well known that accidents involving children,
cyclists, pedestrians and those with minor injury casuas are
substantially underreported. A similar situation applies to accidents
involving illegal activity, such as undeage driving and driving while
intoxicated.

1 It is common for some human factors (e.g., alcohol and drugs) and
roadway factors(e.g., the presence of a roadside culvert) not to be
recorded. The absence of this information on the accident report form
could mean the absence of the factor or the failure to record it. Erroneous
conclusions can be made from the wrong interpretation tiis absence of
data.

1 Subjective bias— on the AR form, space is provided for an assessment of
possible contributing causes of the accident. This adds a subjective
element, as the range of possible responses to the question of what

caused the accidentwilb e af fected by the recorder

purposes (other than accident recording) for which the information may
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be wused. For exampl e, ‘“failure to gi"
someone regularly involved in traffic law enforcement, wheredsetsame
situation may be seen as ‘control dev
involved with road environment safety matters. In the same vein, speed

and fatigue are not typically based on direct observation.

Reporting errors— it is important to recognise the circumstances under

which an attending officer obtains information to complete an AR form.

There will often be more pressing matters at an accident scene. The officer

may not have local knowledge or adequate training in incident
investigation, so some data items may be inadequately or wrongly
recorded. Accidents do not al ways fit
fill in the AR form comprehensively may be lacking.

Recording errors- these can occur throughout the processfrom filling

out the accident report form, to the data entry at the computer terminal.

It is estimated that errors of this type occur in 5% of accident files (Ogden

1996). They are unlikely to be revealed unless the data are used for

detailed investigation at individual sitesTypical problems include wrong

direction for the north point, wrong direction for one of two vehicle
movement s, selecting the wrongnd'ype o
instead of ‘rear end into right turne
Location arors — the location may be imprecise or wrong in the original

AR form and this will be carried through into the database. The location
reference system may also be imprecise, so that a user of the data may

not be able to accurately determine the locatior{e.g., all midblock

accidents may be recorded as being midway between the adjacent
intersections).

Discontinuities over time- definitions or interpretations of field data may

be changed over time by those responsible for recording and reporting, so

that data from one time period cannot be compared with that of another.

An abrupt change in recorded accident experience at a site should lead

an analyst to enquire as to whether there has been any discontinuity, e.g.,

where the recording changes hands at a pacular SAPS station.

Delays— personnel, units or departments responsible for data processing

may not be sufficiently resourced: it may be many months before
information is available for analysis. Data may only be released annually.

This means that countemeasure development may be responding to

historical accident patterns which may be out of date.

Masked or hidden problems— it may be the case that a location is
perceived as being so dangerous that people avoid using it. In this
situation the safety prolbem results in a reduction of amenity (e.g., as
pedestrians choose to cross the road somewhere regarded as safer)

rather than risking accidents. The use of the other data sources outlined

in Section4.3 can help overcome this kind of data limitation.
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Recording of accident types and accident location

One of the basic tools for understanding what happened at an accident location is
by ascertaining the type of accident. On the AR form, this is indicated in easy
identifiable pictures that need to be ticked. The pictures are representative of the

movements of road users when the accident happened and provide very important
information abou the accident. Together with the location information, an analyst

will quickly be able to identify any accident pattern at a particular location, which
will aid the identification of common contributing factors and providing leads to

common treatments (Gpalakrishnan, 2012).

Accident locations, regarded as critical information for road safety engineers, can
be captured in various ways. The level of sophistication or type of technological
support should not determine the accuracy with which a location cae marked. It

is very important information and requires diligent effort to capture it as accurately

as possible. Critical parameters are:

1 Route number and chainage

1 Accident location sketches (with street names and any other references
identifiable on a mapor in the field)

1 GPS coordinates at each node relevant to the accideatmobile devices
with GPSenabled applications are useful to automatically capture at the
scene coordinates.

Distance markers

Kilometre distance marker posts are a standard requiremendn regional or

strategic roads. Other kilometre indications along roads, e.g., on direction signs,
are a commonly used method to locate places, boundaries, interchanges and as
well as assets and features along major roads. These can be used by the SARE an
attending officials as a way of indicating the location of accidents fairly accurately.

In its simplest application, the police indicate that the accident occurred between
Omar ker post x0 and Omarker post yo.
entered can also be used to indicate which direction the driver at fault was
travelling prior to the accident. This system gives the location of accidents within a
defined 200 m road section, which, with some inferencing (distance in metres from
marker XXX.xxgan pin an accident location within 10m to 100 m d sufficiently
accurate on the type of roads typically equipped with kilometre markers.

gives an example of a kilomgee marker on a national road.

Features such as bridges and culverts along routes can also be given known
kilometre locations on strip maps which could also be used as a relatively simple
way to give the location of the accident sites. Figureldgives anexample of a strip
map. This system can only be used on major roads which have consistent and
clearly provided and maintained marker posts in place along the route. It is also
reliant on the police being diligent in carrying out the reporting to a good stkard.
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Precise accident coordinates would still need to be determined from this
kilometrage information by staff using mapping systems in the office.

Benefits:

1 Lowcost option for use on rural roads with kilometre marker posts
1 Accuracy can beenhanced using a strip map
Considerations:

1 Not suitable for use in urban areas

1 Poor levels of accuracy

1 Requires high levels of diligence

1 Accurate accident coordinates will still need to be coded by office staff
based on information provided

14.0N

¥)

0800 N3 HELP
0800 83 4357

Figure 41: Typical kilometre marker with explanations
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Kilometre marker Roadside feature

E: Speed hump warning sign
W: Street light No. 7-0

W: 60 km/h Speed limit sign
W: Driveway to informal taxi rank

257

AF Leitch Dr
256

_ Symmonds St

Speed hump
W: 60 km/h Speed limit sign
W: Speed hump warning sign

W: Street light No. 5-4

W: Mondi gravel driveway

W: Street light No. 4-8

255

E: Service road access

I

W: Street light No. 4-3

254 E: Direction sign post

W: 60 km/h Speed limit sign
kwaMagwaza

W: Advance direction sign post

110y

253 Curve 300 mR

Figure 42: Example of a strip map

Accident location sketch

A common way police indicate the accident position on report forms is by means of
a location sketch. The officer draws a simple diagram wh shows the accident
location in relation to identifiable locations on the road network. These diagrams
should provide enough information for staff to give the accident an accurate map
coordinate using digital maps when they are entering the record irttee computer
database system in the office (World Road Association, 2014).

The simplest way to obtain good map locations is to relate the accident position as
distance in metres to major intersections. Intersections are easy to locate on digital
mapping. beally the sketches are accurate enough such that allocating a map
coordinate is a simple task. However, it is common that the quality of the sketch is
not good enough in a considerable number of cases (World Road Association,
2014). It is often the case hat police officers have no understanding of what the
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sketch on the AR form is used for neither what constitutes a useful sketch nor
what features should be included. Dialogue between the office data entry staff and
the officers completing the AR form gaimprove the quality through constructive
feedback. It should also be possible to contact the officer that originally filled in the
AR form to check key details if information is unclear. An important reason to
contact the officer that collected the datas to check that the recorded location is
indeed correct. The AR form provides for a location sketch in addition to the very
detailed fields for location information (including coordinates) the first section on
the AR form to be filled out. There is alsgpace for a written description of the
accident that may include unambiguous clues about the location of the accident to
verify the location text.

Benefits:

1 Low<cost option
Considerations:

i Often sketches are vague and do not contain the required informarti for
accurate allocation of an accident coordinate by office staff
1 Accuracy low
4.6.3 Global positioning system devices

Global Positioning System (GPS) devices have become readily available and
relatively inexpensive. GPS positioning is an option that che utilised to improve

the convenience and accuracy with which the location coordinates of accidents can

be obtained and recorded at the scene of an accident. GPS units use the
differences in time that radio signals take to be received from several of dibg
satellites to obtain accurate map coor di
surface.

The price of GPS handsets has reduced significantly in recent years and battery life
has also improved greatly making these a viable method for police and other
response services to collect map coordinates for accidents. A handset needs to
pick up a number of satellite signalsthe stronger the signals that are locked onto,
the more accurate the coordinates will be. Obtaining the lock onto the satellites can
take afew minutes, but a handset can be left unattended whilst the officer attends
to other tasks. A clear view of the sky will ensure the best operation of the handset.
Tree cover and tall buildings have been reported to cause some issues with
obtaining accurate positioning using GPS.

The main problem with the GPS device is that it needs to be with the officer when
attending the accident site, it must have charged batteries and the police staff must
remember to actually use it. The unit needs to be set to the rrect coordinate
system and the officer needs to correctly transcribe the reading onto the paper
form. Accuracies of between 1 and 3 metres are readily obtainable which is
sufficient for spatial analyses such as accident location analysis.
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Benefits:

1 High kevel of accuracy
M1 Low levels of error
Considerations:

1 Relatively high cost
1 GPS units may not function well among tall buildings and under dense tree
coverage
1 Units need to be maintained and charged
1 Accurate transcription is required
Data capture with mobiledevices

Data capturing using mobile devices, e.g., smart phones, tablets, etc. is now
available and these generally have builh GPS capabilities. As these devices
become less expensive, they become an option not only for the recording of
accident coordnates but also filling out the AR form electronicall¢Siuhi and
Mwakalonge, 2016) Capturing and attaching photographs and videos to the
accident record file (or electronic AR form) is also possible. Using such an approach
can remove the need for labouintensive and error prone data entry since the data
are uploaded directly to the accident database either remotely through the mobile
data network, through a USB (Universal Serial Bus) or WiFi connection at the police
station. Validation/completeness check can also be conducted at the point of data
collection. Work to enable some of these functionalities on the eNaTIS is underway.

Benefits:

1 High level of accuracy

Low levels of error

Removes the possibility of transcription error

Removes need for data entrin the office

Validation of data/checking for completeness can be conducted at the
time of data collection

Considerations:

= =4 4 A

1 Relatively high cost

1 Smart phones/tablets need to be maintained and charged

1 High sun glare levels may mean using smaphones/tablets outdoors is
problematic (details can be filled in at the police station by the attending
officer as an alternative)

4.7 Accident databases and analysis software

Whilst it is possible to store data using papdyased filing systems, there are some
significant disadvantages:

1 Paper records can become spoilt, torn, faded or even lost, photocopies or
duplicates can be of poor quality
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1 Meticulous filing of records is required in order that they can be accessed
in the future
1 Even the most basic of analysecan be extremely time consuming (e.g., if
a particular junction needs to be investigated, all accidents occurring
within the confines of the junction must be found)
Whilst using an accident database system is indispensable, it can remove the
engineer/technologist/technician from the realities of the raw data. The original
records should be kept accessible to allow for retrospective checking of
information. Electronic systems have the capability to hold scanned copies of the
AR form (and crucially copiesf@ccident sketches) together with the other recorded
data.

Road safety assessment basics

The road safety assessment process is a combination of scientific evaluation, the
investigator’'s knowledge and experience,
piecing together many clues as to why accidents occurred without having the

benefit of actual firsthand knowledge. The investigator must search for clues from

a detailed analysis of accident data and a thorough investigation of field data.

These clues can tha be evaluated to identify preventable accidents. For these
‘“target’ accident s, the investigator <can
and/or countermeasures, make recommendations, and document the entire
process. What follows is a brief overvieabout basic philosophy and information

needed for accident assessments.

Principles of road safety assessment

There are two principles that are useful to keep in mind when attempting to

diagnose an accident problemEirst, accidents should be rare events.\Een though

there are an estimated 832000 acci dents (RTMC, 2016) a
Road network per year, the vast majority of interactions between vehicles, users,

and the infrastructure do not result in accidents.

For an accident to occur, several @nts must occur simultaneously. For example,
if a rearnd accident occurs at a signalised intersection, one or more of the
following events must have transpired: two vehicles approach a traffic signal as it
turns red; the driver in the following vehiclesifollowing too closely or is inattentive;
braking (if any) is not sufficient to stop the trailing vehicle in time due to inattention
or a slow reaction; the driver in the lead vehicle then stops abruptly; an accident. If
any one of these sequential eventkeading up to the accident were altered in some
way, the accident may have been avoided.

Road users may take decisions in the early phases of an accident that may cause
an accident in a later phase. The example demonstrates the importance of
recognisingthe opportunity for early intervention. Accidents are very rarely the
result of a single unsafe action; they usually involve a chain of circumstances and
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events that result in an accident.Figure 51 is a visual representation of a
combination of latenter or s present i n the traffic sys
indicates that several different errors will have to occur simultaneously (shown

linearly in the schematic representation) to cause an accident. Clearly, an accident

can happen evewrcgtwyt hemagi“mpearfed, signed,
(Larsson, 2010)

Latent errors

Unsafe actions

Figure 51: Schematic representation of the development of an accident (red
arrow) because of latent error and unsafe actions

In taking alongerterm view (over several years), a reasonable number of accidents

can be expected on any given section of the road network. This ldagn view can

be thought of as the “expected accidents”
expected accidentsvary across different environments (e.g., a rural regional
connector or urban street) because driver expectations, trip purpose, potential
conflicts, traffic volumes, design standards, etc., are different. It should be
emphasi sed that tihtes " exprece ptd daces daot
number of accidents is acceptable to society at large. This concept reflects a
measure of the prevailing safety performance (which can be improved).

Second we assume that most drivers, cyclists, and pedestrians wouldefer to
avoid an accident and will take evasive action in most situations. However, we know
that errors will occur. While we might expect some accidents to happen, if accidents
exceed what we expect then something is most likely correctable at our
investigated location (Saunier, 2016) Therefore, invesgative efforts need to be
toward searching for a pattern of accidents that is out of the ordinary. If these
patterns can be detected, they are the most reliable guide to the remedial action.
This is described in Sectio®.
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Once the pattern is found, the next step in the diagnostic effort is to try to determine

what might be “causing” these accidents t
data, field investigatio, and other inputs to identify contributing causes and
countermeasure selection is discussed in Sectior6 and 6.7.

5.2 What factors contribute to accidents?

The trHevel study of Treat et al. (1979) assigned that single event that, had it not
happened, the accident would have been avoided, tihree categories: driver,
roadway, and vehicle. The familiar outcome of this study is that in almost all
accidents, there is likely a driver (or road user) related component. There is also a
strong overlap with the other elements, particularly the roadwagoadway defects

or vehicle defects are only a small percentage of the total of all components. The
results of the Treatstudy have been closely replicated by several other authors.

This does not imply that driver/road user errors are not preventable. Ohet

contrary, the strong overlap with the roadway causes means that our investigative
efforts should focus on these driver (or
factors.” I f we recognise that driver abi
(e.g., driving while intoxicated), fatigue, physical abilities (vision, ability to turn

head), and cognitive decisions or reactions are important contributing factors to
accidents, we can better identify engineering solutions that might improve the
situation.

While some driver elements can only be changed through education or
enforcement, there are driver/road user related errors that can be linked to the

roadway (including operations) environment. Therefore, the most important
concept to consider when invet i gati ng accident | ocati c
expectancy.” This concept means t hat dr i
events to happen (Russel, 1998). For example, drivers know that the yellow signal
indication means that a red signal indication igo follow, and they should be

prepared to stop. Thi s “expectancy” dec
operations. If there is an unusual situation, driver confusion or overload is more
|l i kely to occur, and this camnsresoufltte ni m ec

to be considered such as visual clutter or competing stimuli, experience and age of
the drivers, and driver comfort or satisfaction. For example, drivers are more likely
to take risks if they have become impatient due to a long delay. Ingtsituation, a
solution to turning movement accidents may be an operational ohe

1 A worthwhile resource on human factors is the Highway Safety Manual, 2010 &1 6 (AASHTO,
2009; NHCRP, 2016) and NCHRP Report 600: Human Factors Guidelines for Road systems, 2012.
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5.3 Rates as expressions of exposure to risk

The rates at which events occur can be a useful parameter in road safety
management. The most basic rate that can be applied, is adents per kilometre

of road. The use of this rate is obviously limited unless it is used to compare similar
facilities carrying similar traffic volumes (Archer, 2005). More often used, are rates
of accidents or casualties (fatalities, fatal and serious jury (FSI), injury accidents,
all accidents) per 100 million vehicl&ilometre travelled. One benefit is that they
simply control for differences in traffic volume (i.e., the influence of traffic volume
is removed to allow direct comparison). Rates are mosppropriate when
comparing similar conditions or “apples t
when comparing the same functional road class, volume range, intersection type,
or other distinguishing features. However, the use of rates can lead it@worrect
conclusions if comparisons are made across widely different faciliti€€ommittee

of Land Transport Officials (COLTO), 201Epr example, one would not compare a
national road accident rate to a rural principal artéal accident rate since they are
different facility types. Examples of average rates by facility type are shown in
Appendix A.

In the absence of detailed accident data, there should be the endeavour to at least
compile information on average accident rateby road classification and/or road
type that can be useful as a view of what roads carry the higher accidents risks and
for the use in risk assessment applications.

When comparing rates over time, it is important to remember that rates can change

by modifying the number of accidents (humerator) or the volume, duration, or
segment l ength (denominator). For exampl
volumes increase but accident counts do not (the rate would be lower). If no actual
improvements have been rade to the facility, the road is not any safer in the

physical sense-only the risk has changed. There is some evidence that cyclists and
pedestrians have lower risk with increased bicycle and pedestrian volumes. This is
generally attriybumedutimberbke Ttoatept. Thi
vehicle drivers are more likely to expect these users (and drive accordingly) if they
routinely see more cyclists and pedestrians.

5.3.1 Exposure for pedestrians and cyclists

The exposure of pedestrians and cyclists to accident risks requires special
attention. Depending on the determination need, there are various ways to
measure exposure(Saunier, 2016) Below is a summary of different exposure

measuring methods.

1 Exposure based on volumes/counts
- Estimating pedestrian and kyclist volume and risk in a specific
location.
- Assessing changes in pedestrian volume or characteristics due to
countermeasure implementation at that site.
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1 Exposure based on distance

- Estimating exposure at the micro or macro level.

- Estimating whether ri& increases in a linear manner with distance
travelled.

- Assessing how crossing distance affects risk.

1 Exposure based on time

- Estimating total pedestrian and bicyclist time exposure for specific
locations.

- Comparing risks between different modes dfavel (e.g., walking
vs. riding in a car).

- Estimating whether risk increases in direct proportion with walking
time.

- Comparing risk between intersections with different crossing
distances and between bicycles or individuals with different travel
speeds.

1 Exposure based on trips

- Assessing pedestrian and bicyclist behaviour in large areas, such
as cities, states, or countries.

- Examining changes in pedestrian and bicyclist behaviour over time.

- Making comparisons between jurisdictions.

- Assessing common charactéstics of walking trips, such as
purpose, route, etc.

1 Exposure based on population

- Used as an alternative to exposure data when cost constraints
make collecting exposure data impractical.

- Used to compare jurisdictions over time because population data
are available for many geographies (including districts, regions,
etc.) and time periods.

5.4 Accident frequency

Accident frequency is often applied as a safety performance indicator of a facility
(Forum, 2016) It is a direct measureof the number of accidents, fatalities, FSIs or
casualties on a facility- typically controlled for the period of the measurement (e.g.,
per year). Although this may be a positive indicator of higkk problem situations,

it will provide a skewed pictureof the relative risk priority and exposure level.
Facilities with high usage will show higher numbers of incidents.

5.5 Relationship of accidents to traffic volume

It would be a fair assessment to say that as traffic volumes increase, if nothing else

changes, the number of accidents is also likely to increase. This is the reason
accident rates are calculatedZto normalise for different exposures over time or

between different locations{f Ambr os, Sedoni k and Kfivanko
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The accident rate calculation for road segments is calculated per millionhieleZ
kilometresdravelled (M\VKmT). Since we typically express the rate per 100 million
vehiclekm travelled for FSls, the rate is calculated as

. . OZPTMTMMT T
YOO @——
wz0zv

where
C = number of accidents in study period

V = volume, in AADT (vehicleepday or vpd) [this value is usually for both
directions of travel]

D = number of days in study period
L = length of segment (kilometres).

For intersections, the rate is calculated per million vehicles entering (mve)
... O0zpmmmimTTT
Ywo T
wz 0
where
C =number of accidents in study period
V = the sum of volumes entering from all approaches, in AADT (vpd)

D = number of days in study period

Example 1:
- Observed 40 accidents on a 17,5 km segment in one year. The
AADT was 5,000 vpd.
Y®o Q—h = 125,24 accidents per million Vehicle&km travelled
Example 2:

- Observed 25 accidents in 6 years at adleg intersection. The AADT
for the minor approach was 7,700 vpd and the major approach was
12,000 vpd. Recall that a typical year should have65 days.

- AADT volumes are always expressed for both directions of travel.
To getentering volumes the AADTs can be summed since the
volume of traffic that enters from each direction is assumed to be
approximately oné&half the ADT- unless information indcating a
different distribution is available. If the intersection was a-T
junction, only onehalf of the AADT from theZdeg would be used. It
may be helpful to do a quick sketch such as:
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Major
approach

12 000/2 = 6 000

approach

7 700/2 = 3 850 <

Yo Q@

> 7 700/2 = 3 850

12 000/2 = 6 000

Example 3:

= 0.579 accidents per million entering vehicles

Observed 20 accidents in 6 years at a&eg intersection. The AADT
for the minor approach was 5,100 vpd and the major approach was
10,500 vpd. Recall that a typical year should have 365 days.
AADTvolumes are always expressed for both directions of travel.
To determineentering volumes, the AADTs are summed since the
volume of traffic that enters from each direction is approximately
onezalf the AADT. Since the intersection is gdnction, only oreZ
half of the AADT from theZ4eg is used in the exposure.

Yo '@

7 = 0.6998 accidents per mve

Length of period of accident data to study

On the question of how many years of accident data to use:

if a too long aperiod is chosen, there is more likelihood that there

will have been changes to site conditions (volumes, drivers,
reporting thresholds, periodic maintenance, etc.).

if a too short a period is selected, there is likely not enough data to
analyse, and the acident patterns may not be representative of

the longterm performance of the facility.

A general recommendation is to use 3 years of accident data for analysis. In some
situations, 5 years may be appropriate if there is limited accident data to evaluate.
The 5year period may also be appropriate if there was construction activity during
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part of the study period or other unique site conditions. The period of abnormality
should then be excluded.

Concept of severity

Total number of accidents are more likelghan not, not providing the full picture in
an investigation for mainly twareasons (Gopalakrishnan, 2012Firstly, accident
patterns may differ across severity levels. By considering severity separately, a
significant problem may be uncovered. Secondlgevere accidents represent a
greater cost to society. More effort and funding should be directed at mitigating
these accidents.

Serious injuries are currently classified as being serious over a bresgectrum of
injury levels. In accordance with general ptocol, South Africa records a death due
to an accident as death within 30 days of an accident; the proportion of deaths
after 30 days of an accident is not known. The SAPS records road fatalities at the
scene on a CHoCOR form and on the AR Form. Deatts thiccur after evacuation
within 30 days need to be tracked afterwards.

Serious and slight injuries due to road accidents are reported by the SAPS via AR
Forms with an indication of ‘severe
these parameters andreport thereon to the National Minister of Transport. The
recorded fatalities, serious injuries and slight injuries are also used to calculate the
cost of accidents (RTMC, 2016).

Various international research has shown that serious injuries reported bglipe
services are grossly overestimated. United Kingdom (UK) research, for instance,
indicated in 2015 that only an estimated 20.3% of reported serious injuries were
actually being in the serious band according to the Maximum Abbreviated Injury
Scale (MAS) . Research on “ldentifying MAI
police accident records (Nunn et al
classes of serious injury are prevalent in polieeported accident injury severities.
The RTMC has, in themeantime, commissioned research to establish the situation
in the country— results are expected by 2023.

Currently, serious injuries due to road traffic accidents in South Africa are estimated
at a ratio of 3.6 per fatality on a macro scale (RTMC, 2016)his amounts to an
estimated 59,464 serious road crash injuries in 2018. The unit cost per serious
injury is estimated at R496,624 and a total contribution to the 2018 Cost of
Crashes in SA has been estimated at 30.993 billion or 18.6% of the total Cosbf
Crashes for 2018.
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The ratio for fatal: serious injury: slight injury damage only accidents is 1: 3,6: 11,9
: 58,22, The socalled FSI accidents are targeted in terms of the Safe Systems
approach since these are the accidents with a profoundly debilitag impact on
society. They are also the accidents that contribute 64% to the total cost of
accidents of R 170,6 billion (RTMC, 2018) whilst they only represent 6% of the total
number of accidents. The FSI ratio (as proportion of total accident cost) 03,6 in
comparison to Europe is high from some perspectives. iRAP applies a ratio of 1:10
in some countries. However, several reasons contribute to differing FSI ratios.
Some of these are:

- Under reporting
- Injury severity reporting by nomedical persons wio exaggerate
the injury level
- Inadequate followup on deaths in the 30day period after the
accident
- Poor emergency response times, trauma care at the accident
scene and evacuation that result in a higher fatality risk (the so
called platinum 10 minutes ard golden hour thresholds)
- Poor postaccident care
- NCARP rating of the car park or crashworthiness of vehicles
It is possible to decrease the severity of some accidents while increasing the
frequency of less severe accidents. For example, installing a medibarrier will
increase property damage accidents (vehicles will hit an object that was not there
before) but headbn accidents will be virtually eliminated. This tradeff in severity
can be analysed using the beneftost methodology presented in Section.

Ri sk assessment and management: Linkin
approaches

The history of previousiccidents, whether at defined points on the road, on routes,
or across areas, has been used for many years to predict locations where accidents
are most likely to happen in future (Gopalakrishnan, 2012)This approach is
especially useful where there are igh concentrations of accidents. Over time in
some countries there have been substantial improvements in safety, and in some
cases the number of accident locations has decreased, making it harder to identify
potential accident locations based on this infanation. In such countries, e.g., The

2 Cost of Crashes 2016 report (RTMC, 2016)

3 The New Car Assessment Program (NCAP) tests new carsalodatesa safety rating from one to
five stars.A rating of one star means people in the car would have a higher chance of being injured
or dying in a crash and a rating of five stars means people in the car would have a much lower
chance of being injured or dying in a crash.
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Netherlands, Norway, Australia, New Zealand, the majority of accidents are
estimated to occur outside what would ¢tr
road locations. Conversely, a sizeable proportion of more sesoaccidents occur

at locations where there is no existing accident history. Particularly on lower volume

roads, accident locations tend to be more scattered making it harder to predict the

location for future potential accidents. This is especially the casvhen considering

fatal and serious accident locations- the reduction of which is the key focus of the

Safe System approach.

Methods for identifying potential accident locations have evolved with new
approaches developed to complement the accideiased,or ‘ cur ati ve acf
‘“Proactive’ tools and approaches are al sc
knowledge of accident locations to identify high risk locations. As an example, Road

Safety Audit of existing roads (Road Safety InvestigatiolRSINY assesses risk

based on knowledge about the road and roadside factotkat contribute to risk.

These tools and approaches are important, as they can identify locations where

there is a high risk of severe accident outcomes, and to address these before

serious injury does occur.

There are countries that, after years of experience in accident analysis and
treatment of accident locations, indicate much improved understanding of the road
and roadside elements that contribute most to accident risk, and the amouthat
each of these elements contribute to that risk. For instance, there are extensive
resources providing information on the effect of different infrastructure treatments
on safety outcomes, and there are programs that can be applied to identify and
treat high risk locations before accident occur (i.e., in a proactive manner) with
estimates of risk based on road and roadside elements. This knowledge has led to
the development of tools to identify risk locations, regardless of whether accident
data is awailable (Austroads, 2010a).

The curative and proactive approaches are often used in conjunction. As an
example, for a rural route with high numbers of ruoffthe—road accidents, it is
desirable that all potential high severity locations be treated, regdeds of whether
accidents have already happened there or not (the roubmsed approach is
described in Section6.4). This contrasts with an accidedbased analysis that
addresses only those points on the road where accidents have previously occurred.
Equally risky locations (in terms of road and roadside features) should not be
ignored (World Road Association, 2014).

This TRH 29, Volume 1 provides data of the processes used to identify and treat
high risk locations based on accident data. Generally regarded as a curative
approach, the approach uses accident data to identify and address risk, but as in
the example provided above on rural ruaff-the-road accidents, this does not mean
that an accident needs to have occurred at a specific location before improvements
are made.
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Road Safety Audit during the different stages of design (e.g., feasibility, preliminary
design, detailed design, pr@pening) arediscussed in Volume 3 as are other types
of audits (e.g., of road works, land use development, audits for different road user
groups, and review of existing roads). The audit process is discussed, as are the
procedures for responding to audit recommendains.

Developing a program to address high accident risk locations

Reducing the fatality count (and the number of accidents in general) by 50 per cent
in the decade leading up to 2030 requires a concerted effort by all rgayers and
particularly all road departments and those functionaries responsible for the
management of road safety on the road networks. There should be a clear mandate
to these departments to address the road safety scourge, to develop unambiguous
plans to achieve the target set for 208 and to report on the progress toward
achieving their respective targets. Such plans need to include comprehensive
programs to identify and treat the existing accident locations based on, and
proportionate to the reported deaths in every region, distriamunicipal area, or
other demarcated area of responsibility. This implies better coordination among all
tiers of government and the respective agencies responsible for roads and road
safety. These measures are all crucial to achieve the focus on road safe¢sults

as the most fundamental institutional management function as well as to
practically share the responsibility. This will drastically improve road safety by
pursuing the target of a 50 per cent reduction in road fatalities by 2030.

Fundamental to eveloping such programs is the opportunity to apply the Safe
System approach— to eliminate what is now known to contribute to fatal and
serious injury. The Safe System approach has demonstrated through its application
in countries with diligent road safet policies that thereduced harmobjectives are
achievable. Demonstrating the significance of the societal consequences of the
road safety problem (in terms of fatal and serious accident outcomes, as well as
the full impact on communities and economic welleing) will be important for the
development of such programs. This means that road safety information, need to
be captured, collated, organised, and made available, to an appropriate extent and
content to meaningfully contribute to the business of managjy road safety and
more specifically to effectively treat existing higtsk locations. It is also important

to demonstrate that the problem can be addressed in a casffective manner. This
includes understanding the benefits that targeted road infrastrigre
improvements can provide. With knowledge of these issues, a business case can
be put to treasurers, funders, and policy makers to ensure appropriate investments
are made in road infrastructure (World Road Association, 2014).

The response to accidentisk will need to consider a combination of curative and
proactive approaches. Both are typically used, although in situations where high
severity accidents persist, but demonstrated accident locations (whether at points
or along particular road sections) &écome scarce (which will happen over time as
implementing effective treatments eliminate such locations), the reliance typically
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moves to more systemic safety improvements based oproactive riskbased
approaches(World Road Association, 2014).

Reducing acident risk requires a departmental strategic approach to addressing

the different elements contributing to accidents within their mandated areas. By
recognising that in the broader organisations where responsibility for road safety
vests, there will be arange of other demanding activities, many opportunities for

the integration of road safety with other functions will present. Coordination will be
crucial with the structures responsible for related activities (like data collection,

driver and vehicle regstration and vehicle operation). Good practice can crucially
enhance road safety (World Road Association, 2014).

As part of a treatment program, a clear process needs to be put in place to identify
accident locations, analyse the risk at these locations,ekect appropriate
responses, prioritise these, and monitor and evaluate the outcomes from these
efforts. This TRH 29 focuses on these aspects as they relate to existing accident
locations (World Road Association, 2014).

Along with the process for identifyig and addressing risk, there are institutional
arrangements that need to be in place to assist in effective treatment of accident
risk. This includes the availability of good quality road safety data (including
accident data, which is of greatest relevarcto this document). There is also a
reliance on appropriately trained staff (whether inside road departments, or outside
as part the service provider corps). Although this document provides information
on the appropriate processes to be conducted when adeksing risk, there is
reliance at all stages on experts who will often be called upon to use their
professional judgement. A well trained and experienced set of experts is required
to ensure the success of the risk assessment and accident reduction proses
Where the extent of the road network, and of road safety management, requires
so, there needs to be the necessary ihouse capacity in the responsible
department to ensure appropriate participation in road safety programs and to
actively contribute withactions that will reduce casualties and accidents (World
Road Association, 2014). Also see Sectid) Tenet 6.

5.10 Taking action to improve road safety
5.10.1 The countermeasure approach and the role of infrastructure

At the core of an effective road safety program is how well remedial treatments
target the causes of accidents and/or the factors that play a role in how severe the
accident outcomes are (Turner, 2021) A selection of variousountermeasures
may be applied to a particular safety problem, including:

1 various engineering treatments (ranging from low cost to capHatensive)
1 speed management

9 application of new technology

i training, education, etc.
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These and other treatments in comination as a package are often the most
effective way to address road safety risk. However, recognising the substantial role
of human error in road accidents, the traditional tendency is to narrowly focus on
road user education and training (including enfcement) for solutions. This tends
to downplay the role that infrastructure plays in achieving Safe System outcomes.
It is now accepted that road infrastructure has a significant role to play in reducing
the likelihood of accidents. Moreover, when an aad®nt does occur, road
infrastructure has the major influence on how severe the consequences will be.
Therefore, improving infrastructure in a particular way, e.g., in accordance with the
Safe System principles, can contribute substantially to reductions death and
serious injury - assuming that, as mentioned above, the treatments selected
directly target the cause or the severity outcome of an accident (World Road
Association, 2014).

5.10.2 The Safe System Approach
The guiding principles of the SSA are:

1 People make mistakes and there is recognition that humans are fallible
and will continue to make mistakes on the roads

1 Human physical frailty means that humans can only withstand limited
kinetic energy exchange when an accident occurs before death or seso
injuries result.

T Create a ‘forgiving’ road transport
that encompass road users, vehicles, roads, speed and pestcident care
solutions (there is a wealth of Iiter

structure — the Austroads Guide to Road Safety, 2021 (Austroads, 2021)
is an upto-date resource to consult).
Appropriate infrastructure is required to take into account road user vulnerabilities
and fallibilities to avoid death or serious injury should an accidentcar. The SSA
implies a shared responsibility for addressing fatal and serious accident outcomes.
While individual road users are expected to be responsible for complying with traffic
laws and behaving in a safe manner, it is no longer acceptable that tharbden of
road safety responsibility simply rests
manager s’ have a primary responsibility t
for road users. It is not acceptable to blame the road user for an accident outcome
when there are infrastructure solutions that may be applied to help reduce this risk.

Haddon (1980) identified a systematic framework for road safety based on an
epidemiological model (seg~igure 52). This comprises infrastructure, vehicles and

road usess in preaccident, inaccident and postaccident stages(Bonnet, 2018).

An understanding of these three phases permits possible countermeasures to be
considered. Road safety engineering treatments can be applied to reduce the
probability of an accident occurring in the first place (pf@ccident) and secondly to
reduce an accident’s severity should it o
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extent, road safety engineering can ensure that rescue services can reach an
accident site promptly (postaccident).

Although it has been long understood that a priority is to address more severe
accident outcomes, the Safe System brings this concept into further focus. The key
objective of the SSA is to address fatal and serious acert casualty outcomes. In
some cases, this has meant a rshaping of how accident analysis is conducted,
and how treatments are selected (including the types of treatments) to address

risk.
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Figure 52: Haddon matrix

Safe speeds, which are integral to &afe System, influence causation and play a
key role in severity(International Traffic Safety Data and Analysis Group, 2018)
There is a strong relationship between safety outcomes for any given speed
environment given the pevailing infrastructure. In brief, the survival impact speeds
for different accident types are reasonably well understood. At impact speeds
above 30 km/h, the chance of survival following impact between vehicles and
pedestrians reduces dramatically. Thadure for side impact at intersections is 50
km/h, while that for headon accidents is 70 km/h. This strongly implies that if
death and serious injury are to be eliminated, either infrastructure must be
provided to prevent these accident types from happemg (e.g., provision of median
separation to prevent heaebn accidents) or the speeds need to be reduced to
these Safe System speeds (e.g., 70 km/h or lower where there is no median
separation). These are the parameters founding the aspiration of the SSAldhat
should guide a program framework for delivery of road safety infrastructure into the
future (International Traffic Safety Data and Analysis Group, 2018)
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5.10.3 Accident risk

As risk is the product of three elements: probaliyi, exposure and severity, a road
safety strategy must address all three elements. For a roads department, these
may include examples such as:

Influencing the probability of an accident

1 applying sound traffic engineering and road safegngineering techniques
through the audit of new road designs and the treatment of known
accident sites
modifying road user behaviour by appropriate design elements
using well targeted education and enforcement programs
applying appropriate speed managementncluding speed limits.
Influencing the exposure to an accident
providing alternative, safer routes for vulnerable road users

1 promoting safer forms of transport in preference to fewer safe forms.
Influencing the severity of an accident

= =4 4 -4 A

1 providing a more forgiving roadside environment (e.g., removing rigid
obstructions, providing safety barriers)
1 providing appropriate speed management
1 providing good access for emergency services to reach accident sites.
The treatment of accident locations is just onelement of a road safety strategy,
but it is an important and potentially very cosffective part.

5.10.4 What is an accident location?

An accident location is:

1 anindividual site (e.g., an intersection or a curve in a road)
1 alength of road or a section of a nate (which could be e.g., urban or rural)
9 an area of the road network (e.g., residential precinct, local traffic area or
an entire suburb)
1 locations across the road network which have a common hazardous
feature (e.g., substandard guardrail end treatments)nd/or accident type
(e.g., pedestrian accidents, rwoffthe—road accidents, etc.).
The <classification of a |l ocation with ¢t
(accident blackspot) will likely be determined by a process of identification and
prioritisation that applies policy criteria for the selection of sites that can be
investigated in further detail. Selected sites can become candidate sites for
treatment subject to feasibility, benefit/cost and budget considerations. The
prevalence of accidentsat only some locations, or the clustering of accident types
at a specific location, e.g., usually indicate that there are common causes for the
accidents. It is the objective of accident location treatment to identify these
common causes and to counter the by applying appropriate countermeasures.
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As more individual sites are treated, the number of sites featuring accident clusters
will continue to diminish. At a certain point, the number of FSI accidents occurring
at a particular site cannot necessarily iicate a likelihood of a recurrence of similar
accidents. At this point, the focus of road safety practitioners needs to shift to
treating routes featuring high accident frequency sites. For instance, to address FSI
crossover accidents occurring along a pacular road, the use of wire rope safety
barriers along the median, as a cosfficient treatment, could be considered.
However, although this treatment has been indicated to be successful in reducing
the occurrence and severity of crossover accident typn many countries, its
transferability to the South African environment requires circumspection in the
context of poor driver discipline and poor maintenance practices. This emphasises
the need for thorough investigation of the specific accident problesnd, after
implementation, also close monitoring and reporting on its operational
performance and effectiveness.

5.10.5 Treating accident locations

The treatment of accident locations involves a stepy-step process. Each of these
steps needs to be followed (Wail Road Association, 2014) and it needs to be
accepted that they require resources. Firstly, to obtain/provide the accident
information on which all investigations are based. Secondly, to permit
investigations and analysis to take place and, thirdly, to peit the identified
problems to be treated. For example:

1 A data collection and verification system and an accident positioning
protocol are needed, so accident locations can be identified as accurately
as possible.

1 A comprehensive database is needed, whicincludes details about
enough accidents and accident features so that problem locations and
common accident features can be identified.

T An appropriate criterion needs to be
locations. These criteria may vary as the nume r of “high’ a
locations are effectively treated. The criteria may also differ across
programs funded by various levels of government (i.e., national, provincial
and local).

1 A thorough diagnosis of the accident problems at a location is needed, so
that the correct conclusions may be drawn about contributing factors.

1 Countermeasures need to be selected on the basis that they are known
to be effective against the problems identified, so that the problems are
resolved (e.g., countermeasures with assa@ted published AMFs may be
considered with a check on transferability issues).

1 Safe design principles and road safety audit need to be applied to
countermeasure design, so that the countermeasure does not cause
harm or result in new types of problems.
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1 An gopropriate project ranking system is needed so that scarce resources
can be applied effectively to a program of potential countermeasures.

1 Monitoring and evaluation of the effectiveness of countermeasures at
site, route or network level is needed to ensurthat the targeted remedial
treatments achieve their intended purpose, while also continuing to
improve knowledge associated with the treatment of accident locations.

5.10.6 Who should investigate accident locations and develop solutions?

Most of the steps in the accident location treatment process are summarised in
Section 5.11 and detailed in Sections6.3, 6.4 and 6.5 and onward can @
conducted by a practitioner with an analytical mind who has had training and
experience in an engineering or scientific field. However, the following steps will
require the inclusion of someone who also has road safety engineering skills and
experience:

1 inspecting the accident location
1 drawing conclusions from the accident data and site inspection
1 selecting countermeasures which address the factors leading to the types
of accidents which are happening.
It is also better at these stages of the process tose a team (ideally two to five
people), rather than one person. The benefits of having a mutiember team
include:

1 the diverse backgrounds and different approaches of different people

1 the crossfertilisation of ideas which can result from discussions

1 simply having extra sets of eyes/different perspectives of each member.
The types of skills and experience which should be considered for an accident
location study team include:

1 someone experienced in road safety engineering (an essential
requirement)

1 someonewith local knowledge (e.g., a road superintendent or municipal
engineer involved with traffic management)

1 emergency services personnel (typically a traffic police and/or community
safety officer) who has experience in traffic and safety and who is familia
with the location

1 someone involved with the behavioural aspects of road safety.

5.10.7 What are road safety engineering skills?

A road safety engineer may be described as a practitioner with:

1 sound knowledge in traffic engineering and road design practice

1 an appreciation of road user behaviour and the contribution it makes to
road accidents

1 competency in accident investigation (i.e., accident data analysis, and
identification of accident causation and severity factors), and
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countermeasure development (i.e., iddification of targeted cost
effective remedial treatments)
1 competency in monitoring and evaluation methods.

5.11 Steps in the accident location treatment process

The treatment of accident locations should be a methodical, stdyy-step process.
The steps arebriefly outlined in this section and further explained in the following
sections.

Step 1: Decide on the criteria for listing accident locations

Define the physical limits of individual locations, so that sections with similar
characteristics are considered together. Decide on the time period over which

accident patterns are to be investigated. All sites need to be compared using an
agreed selection criterion. The preferred
type’ rat her trata of acaidemsu lfmecessaryo selecban accident

threshold, above which locations will be considered for inclusion as accident
locations.

Step 2: List all accident locations to investigate

Examine the information in the accident data base to identifgcations which meet
the definition of accident location. Establish the cost of accidents at each location,
over the agreed time period. Make a list of all the locations which meet the
minimum cost threshold selected. Ensure that locations are sensibly defd, so
that no location worthy of investigation is missed through being subdivided in the
data. Plan for later monitoring.

Having identified all the sites worthy of investigation, each one should be examined
in a stepbystep fashion to identify the faobdrs leading to accidents, develop
solutions and organise having those solutions implemented, as set out below. Then,
for each accident location:

Step 3: Obtain all the relevant information

Obtain the accident data for the location. Be aware of the limitatis on the
availability and accuracy of accident data. Obtain other information such as traffic
volumes, recent changes in the road network or traffic generating land uses, and
any documented concerns about safety at the location.

Step 4: Diagnose the prolems
This is a threestep process:

i. analyse the accident data (including accident rates and densities) for any
clustering by common accident types or factors such as common
approach legs, common weather or daylight conditions, common age of
those involved, etc. Construct a factor matrix and draw an accident
diagram. Is examination of the original accident report forms warranted?
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ii. inspect the site from the perspective of the involved road users, as well
asconductingaclosau p exami nati on eosf atnhde istist eu ss
behaviour.

iii. make any other investigations, then draw conclusions about the
contributory causes of accidents for which there are common factors.

There may be other types of contributing factors (e.g., speeding), but focus
on what it is abou the road or traffic environment which is leading to
accidents.

Step 5: Select the countermeasures

Match the solutions to the problems. The key to the selection of countermeasures
is to concentrate on the particular accident types which have been idergiin the
diagnosis phase (Sectior6.6) and which are amenable to treatment with road or
traffic engineering measures. Select the countermeasure(s) and take accouwit
the accident modification factors for each countermeasure.

Step 6: Prepare a preliminary design

A preliminary design is required, so that its practicality can be confirmed, and the
cost of the remedial treatment can be estimated. This design then neetisbe road
safety audited. Prior to implementing the project, the design needs to be finalised,
taking account of any audit recommendations.

Step 7: Establish the benefits and costs

Conduct an economic appraisal. Establish the costs (i.e., the initial dgsiand
construction costs only) and the benefits (including reductions in accident costs by
accident type). Decide whether to use net present value (NPV) or benefit/cost ratio
(BCR). Conduct sensitivity testing. Also note the underlined text under Step 9.

Step 8: Document the findings

Draw together the documentation which has been conducted through Steps 3 to 7
and set it out in a format which allows this project to be assessed against other
potentially worthy accident countermeasure projects.

Step 9: If there are several locations to treatrank all treatments

Compare all projects’ NPV or BCR. An alte
be used, whereby projects are ranked but no attempt is made to assess their
economic benefits against their costs. T@se formalised forms of appraisal are

simply an aid for decision makindgl'hey should not be the only criterion for selecting

safety improvement projects and their numerical answers should not be a
replacement for sound decision making.

Step 10: Implement he treatment

Once the countermeasure treatment has obtained funding it can be installed. It is
important that the design which is being implemented accords with the results of
the accident investigation. During the implementation phase, traffic safety will
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continue to be important. Once the works have been completed, the project should
(where feasible) be the subject of a prepening road safety audit.

Step 11: Monitor the treatment and evaluate its effectiveness

Monitoring is the systematic collection ofata about the performance of road safety

treatments after their implementation. Evaluation is the statistical analysis of that

data to assess the extent to which the treatment (or a wider treatment program)

has met accident reduction objectives. These taskare important to ascertain the

positive and negative effects of a treatment and thus improve the accuracy and
confidence of predictions of t hat treat
applications. It may take several years to collect sufficient data.

6 Screening for accident locations

6.1 Defining accident locations

The accident location treatment process can be applied to individual sites, to routes
and to areas (i.e., elements of the network of roads) where accident clusters occur.
Over time, as moreaccident locations are treated effectively, it is to be expected
that identifying further sites that could benefit from treatments may become
increasingly more problematic, particularly with the endeavoured reducing number
of accident incidents towards theultimate objective of eliminating FSI outcomes
(African Development Bank (b), 2014)or now, the focus is on halving the current
level of fatalities and serious injuries by 2030. At the onset of an accident location
treatment programme, the threshold criteria for the selection of such sites may be
set high to contain the number of candidate projects for countermeasure treatment
to a manageable level with respect to capacity and budget. With the programme
gaining momentum and he top priority projects get implemented (and the expected
impact realise), the threshold criteria may be set lower to allow the next group of
accident location projects to be selected and treated with fatality and serious injury
reducing measures. At somgooint and in some areas the numbers of fatal and
serious injury accidents will be too low to be used as a metric to assess risk or
conduct an accident reduction study. Alternative metrics that may then be
considered is the use of FSI casualty equivalengs, for example, by New Zealand
Transport Authority (NZTA, 2013). Other responses include greater use of route or
area-based approaches and taking a broader risk assessment approach, including
a mixture of curative and proactive approaches.

Intersections ae typically defined as the area bounded by the projections of the
property boundaries, plus 50 m of the approach roads. Accidents occurring within
this area are classified as intersection accidents and all others as mudbck
accidents. However, some acdent types (e.g., rear end or lane change accidents
resulting from traffic control at an intersection) can occur much farther away than
50 m. These should be included in the investigation of the intersectiofAfrican
Development Bak (b), 2014).
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In urban areas with frequent minor intersections on arterial roads, individual mid
block sections and minor intersections may need to be grouped together into a
complete route length between major intersections. If this type of groupimgynot
conducted, the fragmentation of accident information in the database may hide a
serious accident problem along a route.

When subdividing a route into sections, bear in mind that (Ogden 1996):

1 Roadway and traffic characteristics should be fairly dorm within the
section.
1 The section length should be in keeping with the level of precision and
degree of error in reporting accident locations.
1 Statistical reliability should be maintained.
Regarding the last point, it is obvious that as the section letigbecomes very short
the probability of either zero or one accident in the period increases. Conversely, as
the section length becomes very long, the effects of isolated hazardous features
will be submerged and lost. Zegeer (1982) (referenced in Ogden, 9 suggests
that data for road segments less than about 0.5 km long or carrying less than 500
vehicles per day are unreliable.

The accident location treatment process can also be applied in mass action
programs to address:

1 groups of accidents of a similatype (e.g., ruroff-road), occurring across
several sites

1 a series of accidents that have common features, such as road features
(e.g., curves, bridges), vehicle features (e.g., bicycles), road user features
(e.g., pedestrians) or contributory features (@., driver fatigue)

T series of “~high profile’” accidents su
dangerous goods, or accidents at railway crossings.

In this case the location will be numerous locations with common characteristics.

Accident location countemeasures can be applied on a site/route area or mass
action basis. A brief discussion on these various actions is outlined in Sectid4
and 6.5.

6.1.1 Time period for the analyses

Accident data for a fiveyear period is typically used, as this period usually provides
statistical reliability. A threeyear period may be adequate, for example if the
database includes property damage accidents and accident frequencies are high
at the sites being considered. A period longer than five years can be used (e.g., for
remote or low volume roads), but it is morékely that changes to road features will
have occurred which will affect accident causes. A data interrogation system which
looks at both short term (one year) and long term (three or five years) data will allow
problem locations to be identified sooner.

When deciding on the time period to be used:
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1 avoid environmental trends (e.qg., traffic growth), other trends and changes
to road layouts or roadside activity which could affect results
1 use accident data for whole years to avoid the effects of cyclicsasonal
variations in accident occurrence
1 be aware of any changes in database definitions which might introduce
discontinuities in the data.
6.1.2 Criteria for selecting locations to investigate for countermeasures

There will be many accident locationgying for treatment and it will be required to

select those which are the most warranted of treatment d el i ver on *‘ val
money’ requirements. Consistent with the
be on preventing future FSI accidents. Thus, regimg that roads with a high

number of fatal or serious injury accidents should be prioritised over roads that

present a high number of minor injury or property damage only accidents.

Several criteria of varying formats to identify accident locations for rfiner
investigation can be considered. The most appropriate depends on the overall road
safety program objectives, which may indicate the criteria that will be the most
efficient (World Road Association, 2014)

Accident cost cierion

The more advanced method is to compare accident locations using the cost of
accidents by accident type as the criterion. This means that there needs to be a
cost determination available for each accident type and the accident types that
present at an accident location over the selected analysis period are then grouped
together for a total cost of accidents at the location. Standard accident costs by
accident type can be quite different, depending on several factors including the
reporting rates of nm-injury accidents compared to casualty accidents, whether
rural or urban, etc. By implication averaged accident costs by accident type already
account for severity and there is no need to assign different costs to different
accident severities within a paicular accident type. This is a far more accurate way
of establishing accident costs than by using separate average accident costs for all
fatal accidents, all serious injury accidents, all minor injury accidents, etc. The use
of accident cost by accidentype also overcomes the problem of a single fatal
accident distorting the analysis because of its high cofitlarmon, Bahar and Gross,
2018).

The current accident cost publication, Cost of Crashes (RTMC 2016), accident cost
by accident type was not determined because of feasibility issues in collecting the
respective data at the time of the research and publicatio Future updating of the
publication may consider, as part of a possible update of methodology, to explore
the more detailed costing by type of accident. This may be a relevant consideration
in the context of the SSA where the focus is on eliminating adent types that are
more directly related to fatal and serious injury accidents. Nevertheless, in
instances where accident by type costs become available, the following are of note.

53



South African Road Safety Assessment Methods
Volume 1: Network Screening

1 Accident costs by accident type are assigned to each accident at every
location where an accident occurred. Accident locations are then ranked

and those with the highest total acci
list. A threshold cost can be used to select accident locations for further
investigation.

1 Some accident locatios will not experience a clustering of common
accident types. These locations with single unrelated accident types are
more difficult to treat because there is no observable accident pattern.
Consequently, it is important to include for consideration moredations
than will be treated, as some locations with significant total accident cost
values may not be economically treatable due to a lack of common
accident factors.

1 For comparison purposes, the total accident costs at the different
locations can be expessed as a cost per year over the appraisal period.
Ranking of these locations is done by decreasing accident costs per year.

1 This approach is consistent with the Safe System approach, and similar to
the FSI equivalent approach. Both have the same key ledits of
smoothing out random variation (i.e., a fatal accident that might be a once
in 100-year event would not dominate the accident listing), as well as
more accurately predicting locations for future fatal and serious injury. As
an example, a heaebn accident in a highspeed environment that only
resulted in a minor injury would be recognised for its potential as a high
severity outcome event.

Other criteria

Other selection criteria are described below. By comparison with the cost by
accident type criteion, they are all less effective, as they are less accurate in

identifying the costs of accidents at a location and therefore less efficient in ranking

sites to maximise the benefits of accident countermeasures:

1 The number (i.e., frequency) of accident®r accidents per kilometre of
road) within the adopted time period. This takes no account of exposure
or the different costs/severities of different accident types. This method
may be appropriate in managing the allocation of resources in programs
that treat a single accident type or where the overall program objective is
to reduce accident numbers.

1 The rate of accidents (per volume of traffic) within the adopted time
period. This takes account of exposure. Rates are usually expressed in
terms of accidentsper 100 million vehicle kilometres travelled for road
sections. The accuracy of a rate is dependent on the accuracy of traffic
volume information.

1 The number or rate of accidents both exceeding some defined threshold
value.

1 The rate of accidents exceeding critical value, derived from statistical
analysis of rates at all sites. This method determines whether the accident
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rate is significantly higher than a predetermined rate for similar locations,
based upon a Poisson distribution (Zegeer 1982, referencad Ogden,
1994).
1 The difference between the observed and expected accident numbers,
calculated from the site and traffic flow characteristics (McGuigan 1981;
1982). It is similar to the previous method, using frequencies (number of
accidents) instead of rées.
Whichever method is used to determine whether a location is hazardous (and
warranting consideration for treatment), there needs to be sufficient flexibility to
ensure that:

1 sites which have recently become a problem for obvious reasons do not
have toexperience another two or four years of accidents before they are
considered

1 sites with few accidents, but requiring lowost treatments are not
excluded.

6.1.3 Using a threshold method

If the accident database does not allow the cost of accidents at each loaatito be
directly compared, then a threshold method can be used to obtain an initial list of
sites. Once these sites have been listed, accident costs by accident type can be
applied so the sites may be ranked.

A threshold can also be used to provide amitial indication about whether a
particular location has an accident problem. The threshold could be in terms of the
total number of accidents, but a threshold which identifies a pattern for a particular
accident type may be more useful.

6.1.4 Random variation

Accident data are subject to random fluctuations and it is therefore possible to
subject them to statistical analysis in order to distinguish between significant
factors and those occurring through random variatiofhord and Mannering, 2010)

It is important to assess whether an abnormallyigh number of accidents in a time
period (e.g., one year) should be taken as evidence that the site has become
hazardous or whether the fluctuation can be taken as mere random variation.

An ‘“accident | ocat b1WA. ' ThisTRH 2DeUtlinestbrdetypas Se ct
of data analysis and investigation techniques. The requirements for them are

broadly similar and so are described in SectioB.2 to avoid repetition. The
descriptions of the techniques then follow in Sectior®.3, 6.4 and 6.5

6.2 Requirements for accident data analysis
6.2.1 Equipment

For the deskbased analyses, the following software may be required or will make
it easier to conduct the analyses:
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1 Accident location analyses- accident data analysis software can make
network screening and analysis of patterns significantly more
straightforward; GIS or accident data analysis software may be necessary
for spatial analyses

1 Route/corridor analyses— assigning accidents to sectioa may be done
using GIS software, otherwise analysis of patterns can be done using basic
spreadsheet software (e.g., MS Excel); accident data analysis software
can make analysis of patterns significantly more straightforward

1 Area analyses- can be conductal using basic spreadsheet software (e.g.,
MS Excel) For the site visits, similar equipment is necessary as for Road
Safety Audit/RSI. This includes Video camera(s), GPS, tape measures,
maps, digital cameras, spirit levels, notepads, a vehicle and personal
protective equipment (hard hats, high visibility clothing, etc.). It may not
always be possible to inspect the site safely without temporary traffic
management such as warning signs/cones. It may be appropriate to
temporarily close the road.

6.2.2 Personnel

6.3

Data analyses can be conducted by a member of staff with an engineering,
mathematics, or statistics background. Though they would have the prerequisite
skills to conduct such analyses in a systematic manner, formal training in
conducting accident location analsis is recommended.

Once the initial analyses have been carried out, the site visits and assessment of
potential remedial measures should be conducted by experienced road safety
engineers with similar qualifications to those described for Road Safety
Assessment and Road Safety Audit (in Volumes 2 and 3). Personnel need to have
conducted basic training in road safety and accident investigation or road safety
engineering.

In addition to the involvement of engineering specialists and other technical
personnel there is usually a management process to review the schemes and to
signoff on the individual schemes for implementation. This may well be a
committeeded process.

Accident location analysis and investigation

Accident location analysis and investigatios a technique used by road authorities
that have access to accident data with precise gdocations. Where the precise
locations of accidents are recorded, this allows spatial analyses to identify locations
where excessive numbers of accidents are occurg. If detailed and accurate
accident data with precise locations are not available, then alternative techniques
described in following sections may be deployed. If sufficient resources are
available, it is beneficial to conduct those analyses alongside @dent location
analysis since these methods will identify slightly different road safety issues.

Some common misconceptions about accident location analysis are:
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1 Locations with the most accidents will always be the highest priority for
countermeasure treament
1 Locations with higher accident occurrence always result from an
underlying safety problem
Care must be taken to ensure that the an
statistical fluctuation’ . | nt er pmalgsisat i on
requires caution since the analyses may just identify locations with high traffic flow
or particularly busy intersections.

Once highrisk sites have been located through accident location analysis, they
need to be followed up with further interrog#on of the accident data to identify any
patterns in the types of accidents occurring and a site investigation conducted by
an experienced road safety engineer. The site visit is essential to determine where
the road infrastructure itself has contributedo the occurrence of a concentration
of accidents. It is also necessary to determine whether the accident problem is
likely to be rectified through the implementation of economically viable engineering
treatments.

The definition of an accidentocation varies depending on the context and who is
using the word. To the road safety professional:

“An accident | ocation is a |l ocation wher e
occurring than would be expected given the road circumstances and conditie ”

This can be further devel oped as being:
treatable underlying problem has been identified that is contributing to the accident
occurrence’”.

To a member of the public or a plochtiont i ci an
that accidents frequently happen and possibly a single location where one serious
or fatal accident has happened”.

6.3.1 When to conduct accident location analysis

Accident location analysis is typically conducted every year after all accident
records have been captured and published for the previous year. The current
international recommendation is that (fatal) accident reports are closed within 30
days of their occurrence i.e., if a severely hurt person dies of their injuries within 30
days, the accient records should be amended, however, if they die after 30 days
the record is not amended to reflect this change. Accident data sets for a year are,
however, seldom closed by February of the following year because submissions
from different stations andoffices may fail to return the information in a timely
manner.

Conducting accident location analyses every year is advised since a severe
localised problem can emerge very quickly. It is also useful to monitor accident
locations on a regular basis to detdcany changes in accident occurrence across
the network.
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6.3.2 Methodology

Accident location analysis is typically conducted in 7 steps. Once accident locations
have been identified these need to be fully investigated through a site review and
a treatment plan ceveloped if appropriate.

6.3.2.1 Step 1: Investigate background data

General and longeterm trends

As a preliminary step the data for the whole country, network or jurisdiction should
be investigated and analysed to gain a broad understanding of the data and geade
trends. The main types of information required are:

1 General trends in the data across the available years of data
1 Typical numbers of casualties per accident severity
1 Separately for high speed and urban roads if possible
1 Average number of accidents peyear for:
1 Different types of roads (links/sections}- a classification based on TRH 26
may be used
71 Different types of junctions/intersections
1 Etc.
Casualties per accident by severity

The number of casualties per accident varies. As part of the exercise to
economically appraise efforts, it is useful to understand the average number of
casualties of different severities in each severity of accident.

By definition:

1 A fatal accident must have at least one fatality and any number of serious
and slightcasualties
1 A serious accident must have at least one serious casualty, no fatalities
and any number of slight casualties
1 A slight accident has no fatalities or serious injuries but any number of
slight casualties
Table 61 shows the accident type proportions by accident severity. Accidents on
higher speed roads are expected, on average, to be more severe than those on
lower speed roads, however, the table shows the contrary with respect to single
vehicle accidents, which cold be attributed to the high incidence of pedestrian
casualties that is skewing the picture.

Accidents occurring on rural roads are likely to have higher severity due to
increased speeds, though this could also result from lower reporting rates of less
severe accidents compared to urban accidents. These statistics can be used to
calculate average accident costs.
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Table6-1: Accident type proportions by accident severity

Accident type proportions Anywhere

Death Serious Slight Total Vehicles| Accidents
—
A g 5.8% 61.9% | 502% | 53.6% | 16.4% | 27.5%
vehicle
- .
o Wmile 3420 | 38.1% | 49.8% | 46.4% | 83.6% | 72.5%
vehicle
1 0)
LI ol 8.1% 8.8% 13.4% | 11.9% | 30.4% | 30.4%
single
1 0)
OLGJEE b ol 5.3% 5.5% 6.7% 6.4% | 5.0% | 8.4%
total
Accident typeproportions Urban

Death Serious Slight Total | Vehicles| Accidents
C
5 g 771% | 63.7% | 44.8% | 49.7% | 12.0% | 21.2%
vehicle
% Multipl
o Multiple 229% | 36.3% | 55.2% | 50.3% | 88.0% | 78.8%
vehicle
1 0)
LY b ol 105% | 10.6% 6.4% | 14.6% | 35.9% | 35.9%
single
1 0
= Yin @ 8.1% 6.8% 7.4% 73% | 43% | 7.6%
total
Accident type proportions Rural

Death Serious Slight Total | Vehicles| Accidents
e
i gl 58.3% | 59.8% | 59.6% | 59.6% | 28.8% | 42.6%
vehicle
- :
s lLligls 41.7% | 402% | 40.4% | 40.4% | 71.2% | 57.4%
vehicle
1 0)
OlgEE b ol 6.0% 6.5% 9.5% 8.4% | 23.8% | 23.8%
single
I 0
g:’;fd/""f 3.5% 3.9% 5.6% 50% | 6.9% | 10.1%

Source: RTMC Cost of Crashes 20%6for illustrative purposes only
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Normal accident rates

To understand whether a cluster that has been identified from the network
screening process (see Step 2) really represents a site with excessive occurrence

of accidents, it helps to understand what
is for different road types and junction types. Ideally accident rates by traffic volume

(per 100 million vehicle kilometres) should be calculated. Where consistent flow

data may not readily be available to permit estimation of these rates, accident

density (number of accidents divided by length of road) can be calculated instead.

It is frequent practice to identify sites with the most accidents and worst severities

of accidents, and to construct lists of these without referring to expected numbers

of accidents. This is a simple approach that can be successful at the start of a
programme to impove road safety where there are many locations that compete

for funding. Arguably methods that compare accident occurrence at suspected

accident locations with normal or expected accidents are accepted as being

superior, since this should help to reducehte i nst ance of i nvest
positives’ or missing ‘false negatives’

6.3.2.2 Step 2: Screen network for accident locations

Consideration of whether a site constitutes an accident location is often based on
simple rules and definitions. To achieve a robustsult, three years of accident data
need to be used as a minimum. Under some circumstances (i.e., where there is
significant underreporting) it may be necessary to use up to five years of data.

The number of years of data used is a tradeff between usirg the most recent
accidents (which are more likely to be relevant to the network state as it is currently)
and obtaining enough accidents per typical cluster identified so that random
fluctuations are reduced. Cluster sites should ideally have enough acamnts so
there is a better chance to identify patterns in the characteristics of the accidents
occurring. Ideally sites identified should have greater than 1015 accidents if
possible (this is a basic rule of thumb).

Low volume rural roads may require Iger periods of data to be used since
accidents will be rare on these. However, it becomes questionable if accidents from
the earlier years are relevant to the road network at the time of analysis. The main
methods used to identify accident locations are Is®d on spatial analyses of the
locations where accidents occur. The methods used all aim to identify road sections
which have higher numbers of accidents occurring at them compared to other road
sections. The methods that can be used differ according todlyuality and type of
location information available for accidents, and the nature of the network being
screened (different approaches may be needed for a dense urban network when
compared with a rural network). The methods and modules available in dedmdt
accident data system packages or GIS software vary. The following sections outline
some of the more common methods used.
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Accident density (nearest neighbour method)

This method effectively finds discrete areas of higher accident densities. In this
method accident database or GIS software search a fixed radius from each
individual accident and if there is another accident which falls within the radii they
are clustered together. The program continues to cluster accidents until no more
are within range. Tis system is simple to understand and produces a series of
cluster sites with defined, but variable, lengths along roads or at junctions.

Fixed radius (accidents with most neighbours)

A variant of the accident density nearest neighbour method is a simil@chnique

in which circles with fixed radii are drawn around every accident and the software
counts the number of other accidents that occur within the fixed distance of the
circles. This method effectively fixes the size of the section that will be idietl.
This is a relatively inflexible method, and the process means that some longer
sections may not be identified and similarly some very treatable shorter sections
may be missed.

Heat maps

The heat map method produces an overlay over the road networkighhshows up
areas of higher accident densities wi
results are similar to the accident density method; however, this method requires
some additional user interpretation to decide which sites are the worshd what
their extents or lengths are.

Fixed length methods (roads)

Where accidents are assigned to more major roads by their location relative to
kilometre marker posts (typically located every 200m), these section positions can
be used as a searchbasis for identifying accident location sections. Suitability of

this method depends on the accuracy of the recording of accident location. Link
and junction sections should be analysed separately as far as possible since
accidents can cluster naturally aintersections.

6.3.2.3 Step 3: Prioritise accident locations for further investigation

It is unlikely to be possible to investigate all accident locations in detail; therefore,
it iIs necessary to prioritise further review and treatment. Traffic and road
department may wish to focus their efforts on strategic/important roads that have
higher traffic flows or those locations that have a greater number of higher severity
accidents. Embedded in the Safe Systems approach is a clear focus on reducing
the most severe acaents; those which result in fatalities and serious injuries.
Economically it is also more efficient to tackle these more serious accidents as a
priority since they also inflict significantly greater financial losses on the economies
of countries in additon to the pain and grief resulting.

Accident location sites will have different humbers of accidents, with different
severity profiles. These differences in site characteristics can be used to sort them
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into prioritised lists for investigation and analyse To help focus actions and
resources on the locations which have more fatalities or FSI accidents a severity

linked weighting scheme can be used to give an initial rank to the identified cluster

sites. If no severity weighting is used, sites are rankednsply by listing them in

order of the number of accidents which occur at them. What this means is that a

site with 20 accidents which are all slight in severity would rank higher than a site

with 10 accidents of which 5 are fatal and 5 serious. For thisason, a method of

severity linked weightings is useful to produce the initial site priority order. If the

same two sites were re@anked with a severity weighting applied of 10 for a fatal
accident, 5 for a serious accident and 1 for a slight accident, thei r st si t e wi |
20 (20 slight accidents times a weight of
(5 fatal accidents times the weighting of 10, and 5 serious accidents times the
weighting of 5).

There is merit in using severity weightings when iiailly screening and ranking
accident locations. If the sites are identified based on the count of all accidents
irrespective of severity, some very severe accident locations with fewer accidents
may be missed from the initial site listing.

In many road auhorities, it is the endeavour to try to ensure that the most severe
accident locations are tackled as a priority. However, there are practices (more
prevalent in some African countries) to still treat all (injury) accidents with the same
level of priority.Circumstances, politically, financially or operationally, will to a large
extent dictate how road safety programmes are motivated and initiated. It has
become clearer that certain accident types correlate strongly to higher severity
outcomes; this is anoher reason for taking severities into account. Four main
methods are used to take severity into account, these are:

1. Engineering expertise and judgement applied. The disadvantages are that it is
biased towards treating the more severe sites and it is afipd in an acdhoc manner.

In the absence of detailed and georeferenced accident data, however, this will be
the default method to be relied on to initiate an accident location treatment
programme.

2. Weighting according to accident costs for different sefity accidents (the
weights are the unit costs of each severity proportional to the unit cost of damage
only accidents).

Fatal=112, Serious=16, Slight=3, Damagenly=1 (based on RTMC Cost of
Crashes 2016), multiplied by the number of accidents of a giveseverity at
a site to give a score.

3. Weighting in line with international practice

Fatal=10, Serious=5, Slight=2, Damagenly=1 multiplied by the number of
accidents of a given severity at a site to give a score

62



South African Road Safety Assessment Methods
Volume 1: Network Screening

4. Weighted index

An example of a weightedndex method is a Safety Priority Index System (SPIS)
score (Dixon, 2011). It is based on maximum accident casualty rates over a moving
0.1-mile road section length. Metrically adapted (further adaptations will be
required for local applications with respct to casualty rates and section length),
the SPIS is calculated for qualifying 16t (0.1 mile) segments of roads based on
the frequency, rate and severity of accidents occurring within each segment over a
three-year period. Damage only accidents are nased in the SPIS calculation. The
SPIS score is the sum of three indicator values (IV Frequency + IV Rate + IV
Severity), where:

- Ik (Accident Frequency Indicator Value) equals 25 percent of the
SPIS score

1178 0@ Q&0 QQ Pt o (6-1)
— v
[ 1 @Qu mp ¢
The maximum Accident Frequency Indicator Value of 25
obtained when the total number of accidents reaches 15(

accidents on the same 160 m segment over a thregear
period. (Adapted from Dixon, 2011)

Ow

- IWr (Accident Rate Indicator Value) equals 25 percent of the SPIS
score
L YE OGN QE D @ QAT drfiu 1T Tt (6-2)
STEZ ®Qovioe@nois oy P
e p
The maximum Accident Rate Indicator Value of 25agtained
when the accident rate reaches seven accidents per millic

entering vehicles in the same 160 m (0.16nile) segment over
a three-year period. (Adapted from Dixon, 2011)

"Ow

ZCU

- IVs (Accident Severity Indicator Value) equal0 percent of the
SPIS score

"0 (6-3)
p T OGO OGO QQCRETRE | ¢ p TTOE QO T @
OTTt

Zum

The maximum Accident Severity Indicator Value of 50
obtained when the accident severity component [100(Fat:
accidents +Injuryserious + 10(Injurysigny] is equal to or greater
than 300 for the same 160 m segment over a thregear
period. (Adapted from Dixon, 2011)
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SPISScore =k kg kg (6-4)

The higher a SPIS score, the higher the potential safety needs for the identified
roadway segment. The highest SPIS score possible is 100. This is reached when a
160 m segment over three calendar years has:

- 150 or moretotal accidents,

- Seven or more accidents per million entering vehicles, and

- A combined severity rating equal to or greater than 300.
There is no clear right and wrong practice for using any of these methods, however,
an approach which favours more severecaidents, but which does not weigh as
heavily as a system based on accident costings is recommended. There are pros
and cons for all these methods and traffic and road departments need to employ
the best practicable methods to achieve their objectives teeduce road traffic
casualties in the most coseffective manner.

Practitioners should test different weighting schemes to check that they are
performing in a desired way. Ideally sites should also be filtered and prioritised by
comparing the accident occuence at identified potential accident locations to the
average occurrence for similar road sections which have similar flow levels. There
may be more prescriptive requirements from treasury departments that may be
relevant for grant funding protocols thashould be recognised before deciding in a
particular method.

6.3.2.4 Step 4: Analyse accident types and patterns

The accident characteristics from identified accident locations should be
investigated to identify patterns in the occurrences of the accidents. Idéied
patterns and commonalities should provide clues which help to diagnose the
underlying problem at the site and will inform the development of a treatment plan
targeted at solving the underlying issue. For example:

1 If a high proportion of accidents ithe cluster involved pedestrians it could
be due to a lack of appropriate provision for the namotorised demand
1 If alarge number of accidents are shunts (nose to tail) it could be a traffic
signal phasing issue, a surface friction problem, or a generapeed
related problem
1 If there is a high proportion of turning/or emerging vehicle accidents it
could that there is a lack of adequate visibility, or excessive speed
There are a number of key information types that can help diagnose the most
common issues & a range of sites. So, a summary report which shows a range of
the key information on a single report is extremely useful. The typical information
included is as follows:

1 Accident types (with time trends)
9 Accident numbers by severity (with timgends)
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1 Casualty numbers by severity

1 Wet/dry break down of accidents

91 Light/dark breakdown of accidents

1 Severity indication (proportion of FSI accidents)
Ideally these data should be displayed efficiently and in a standard format so that
a large amount of nformation can be quickly assessed to identify any clear patterns
and trends. These reports can be produced semmanually by performing the
appropriate crosstabulations and filling in a form in MS Excel or similar, or they can
be generated automatically i dedicated accident data system software.

Crosstabulation

Summarising and presenting information relating to subsets of the accident data

can be achieved through crostabulation — i t i's the same as th
function in spreadsheet programmestlis a way to reveal (or looking for) patterns

in the different relationships among the various fields that are recorded in the AR

form. This analysis method allows the investigator to look for less obvious patterns

across all the coded fields in the datdrom a cluster of accidents for example. It

can be used to supplement the information that is set out in the standard accident

report.

The crosstabulation exercise on the accidents data for a single accident location

is generally the easiest to perform.adoking for patterns of accidents among a range

of accident locations with variable traffic and road conditions is expectedly more
complicated. Some typical cross abul ati ons that mi g ht be
‘“week against ‘time agdgaidmsyt’ ‘acnads U alctcyi deelna

Crosstabulation results can indicate that there are likely to be significant issues
with provision of facilities for pedestrians crossing and moving along the road. The
site visit should therefore concentrate on thes issues and particular attention
should be given to observing pedestrian behaviours.

Accident diagrams

The construction of ‘accident diagrams’ i
sources of conflict between road users at accident locations. Agent diagrams
give an indication of the types of accident that are occurring at specific locations
this is typically, but not exclusively, used at junctions. The methodology is used to
identify more clearly the types of accidents that are occurring anlderefore help
the engineer identify better the possible countermeasures which may be
appropriate. The method requires that individual accidents have been given precise
accident coordinate locations (ideally within 3m accuracy) and that all of the
appropriate fields are filled in on the reporting form. Most importantly, it requires
that the manoeuvres (as compass directions, for movement from and to) are listed
for individual vehicles and road users.

In addition to an indication of the accident types, othemportant information can
be indicated, such as the severity of the individual accidents and also the date
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when they occurred. In addition, indications of whether the accidents occurred
under daylight or darkness and in wet or dry conditions are also iodied in the
simple symbols for each accident.

Stick analysis

Another useful and established method to analyse the accidents at accident

| ocations is ‘“Stick Diagram Analysis’. Th
groups of accidents with each ingidual record being represented by a column or
‘“stick’” of information. By moving these
similar factors, the safety engineer can often discover patterns in the accidents at

a particular location, and this carhelp them to identify some underlying causes.

6.3.2.5 Step 5: Investigate sites

Once the pattern of accidents has been identified, the sites need to be physically
examined.

Aim of the site visit

The aim of the site visit is to establish the underlying factors thare contributing

to the dominant accident types identified from the analysis. For instance, there may
be many pedestrian casualties even though a crossing is provided. During the site
visit the investigation team may find that the pedestrian crossing mot colocated
with desire lines or public transport facilities. Simply relocating a bus stop may
encourage pedestrians to use the facilities. Similarly, a high incidence of turning
vehicle accidents may require a minor modification to the junction layouthe
reminders included in Appendix B may be useful in conducting a site investigation
but should be used considering the accident data analyses to direct the
investigation.

Planning site visits
Site visits:

1 Should be conducted at times when accidents accurring. The accident
patterns may indicate that it is important to visit the site during darkness,
during rush hour or when it is raining for example.

1 Need to allow the investigation team to take the perspective of road users
represented in the accidentlata.

1 Must be conducted safely. The safety of the investigation team, other road
users and construction or other personnel must not be compromised by
the site visit.

Site visits for larger or more complex roads will often need to take place oseveral
days and careful planning will therefore be necessary.

Different viewpoints

The site visit should allow the investigators to take the perspective of different road
users, particularly those overepresented in the accident data. Note that this
should not put the investigation team at risk- for example if motorcyclists are over
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represented in the accident data the investigation team should not ride the route
on a motorcycle if they are unfamiliar with this mode of transport.

Recording findings

Videocameras, or digital cameras and voice recorders, enable images of the site
to be recorded along with a spoken commentary of issues. This is extremely useful
when later collating the observations and the images can also form an informative
part of the repat. It is recommended that a full video of the site/road is recorded
and that many photographs are taken during the site visit. These are important to
provide a reminder of key issues when writing the report and provide a record of
the conditions during tle site visit.

Taking videos and photographs in a systematic manner will help when reviewing
them later. Always start a video sequence speaking to the camera and naming the
site, identifying the personnel involved, stating the date and time and by specifyin
direction of travel. It can also be helpful to provide a video commentary.
Photographs should also be taken in a systematic manner so as to assist with
subsequently identifying features and locations. For example, ensure that
landmarks are included and &ways progress around an intersection in a clockwise
direction. It may also be helpful to photograph a written card which describes the
location prior to taking a sequence of photographs. Copies of plans should also be
used to record any specific featureseen during the visit for later reference.

Community intelligence and consultation

When a site visit is conducted it can be especially useful to consult with local
interest groups and the wider community. This has a number of advantages:

1 Further intelligerce can be gathered on the accidents that have occurred
and any concerns the community has
91 The transport and safety needs of the local community can be taken into
account when developing a treatment plan
1 The local community can be educated on safe use ofelmoad
Conflict studies

A conflict study can provide useful information that is complementary to accident
data. A conflict or encounter often involves a road user (a pedestrian, a pedal cyclist
or the driver of a motorised vehicle) taking some form of evas action. One
definition of a conflict is: two traffic participants maintain such a course and speed
that a sudden evasive manoeuvre of one of the two participants is required to avoid
an accident.

Conflict studies can be conducted by making, and recondj, observations from the
road-side or by observing interactions on video. It should be noted that whilst the
most common conflicts are often similar to the most common manoeuvres, this is
not always the case. In some instances, movements which are lessrooon can
be disproportionately overepresented in conflicts. Therefore, as well as identifying
information about conflicts, it is also necessary to record some indicative traffic
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counts so as to help to understand the rate of risk exposure associated wéahy
particular conflict.

The assessment of conflicts involves an element of subjective judgement, and it is
therefore important to ensure that suitably skilled personnel conduct the analysis
and that it is conducted in a consistent manner.

Figure 61 shows a fivelevel conflict classification structure that can be used in
conflict measuring studies (African Development Bank (b), 2014)

Pedestrian stopping in

Encounter, 2 =

1 precautionary action carriageway to aliow vehicle
to pass
Pedestrian deviate from route

2 Controlied action or vehicle undertakes
controlied braking

. Rapid deceleration, lane

3 Near miss
change or stopping

a Very close miss Emergency braking or violent
swearve

5 Accident Contact between two parties

Figure 61: Example of conflict classification

In addition to identifying themanoeuvres and the types of traffic involved in a
conflict, it is also necessary to consider the severities of conflicts along with the
rate of exposure to risk. The study will therefore include representative traffic
counts and a categorisation of each aterved conflict. Conflicts can be recorded
on site using very simple sketches. These sketches record the manoeuvres and the
road user types involved in each conflict, along with the frequency and the severity.
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Conflict Severity
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Figure 62: Example of a conflict measuringstudy sheet for pedestrianvehicle
conflicts at a Hunction
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Figure 63: Example of a conflict measuring study sheet for vehicleshicle conflicts
at an intersection

Safety considerations

Throughout any site visit it is important to maintain the safety of the investigation
team. The investigation team should be aware that thstes they are investigating
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are high risk (otherwise they would not be investigating them) and so extra care
and caution should be exercised.

Site visits need to be carefully planned as personnel will need to stop at several
locations where safety hazardsvill be present. A full risk assessment should be
conducted. The risks, and the precautions which are necessary, will vary from site
to site. However, general principles include:

il
il
1

1

Planning and administration

A manager should be notified of any deviationsoim planned schedules

A mobile telephone should be provided for emergencies and for checking
in with the line manager at the start and end of each day.

The investigation team must be equipped with sufficient supplies of
drinking water and food.

Vehicle saéty

Vehicles must be roadworthy and properly equipped with suitable
reflective materials and lighting bars. They should generally travel at the
prevailing traffic speed.

Site/operational issues:

Site visits must always involve at least two personnebne should act as

a look out when the other is preoccupied (e.g., taking photographs).
Appropriate traffic management should be requested if it is otherwise
unsafe to inspect the site.

The investigation team should park safely to not obstruct traffic flow or
obscure sightlines.

The investigation team must be aware of risks from beyond the road. For
example, the risks of sunstroke, personal attack, or animal bites (including
insect or snake) should be evaluated.

Appropriate Personal Protective Equipment (PPE) shalways be worn.
Different PPE will be appropriate for different situations, but it is likely to
include reflectorized vests or jackets and trousers and sunshades.
Suitable footwear is essential and might include steel toe cap boots. Hard
hats or eye gogles will be necessary in some situations.

The investigation team must never use video cameras, cameras, mobile
phones or other equipment while they are driving.

Investigations must be made from safe locations such as footways,
hardened verges or overbridgs.

Investigators should not stand in the road and they should only cross the road in
suitable locations and with care.

T

1

The investigation team should avoid walking with their backs to traffic
where possible.

The investigation team must not expose themselseor other road users
to risks during adverse weather conditions such as high winds or heavy
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rainfall. It is possible however to conduct some observations from a safe
place (e.g., pedestrian behaviour in the rain).

1 The investigation team should not intervee in incidents or direct traffic
unless they are specifically trained and equipped to do so. Well
intentioned intervention of this type can make matters worse and it is
better to call the Police or other emergency services in such situations.

The investigtion team should stop work and leave the site if unforeseen risks are
identified. They should consult with a manager to determine a way forward.

6.3.2.6 Step 6: ldentify solutions

For each site, countermeasur e oeducatlens
occurrence of fatal or serious accidents that have occurred at the location. For
example, if there are many serious pedestrian accidents, and pedestrians are
observed crossing the road away from crossing facilities then provision of
pedestrian adossings and guard rail may be appropriate. Similarly, if there are
substantial numbers of accidents occurring at night at an intersection, it may be
appropriate to provide lighting or improved warning signs/delineation.

Volume 2, Appendix B can be perusedo provide a sense of potential
treatments/solutions relevant to different accidents. It is only a higkevel indication

to the type of safety improvement measures that can be effective to counter
specific accident types the appropriateness of which fodifferent circumstances
need to be carefully considered.

6.3.2.7 Step 7: Report

6.4

Once the analysis and preferred solution(s) have been identified the whole
investigation needs to be summarised in a report to management for appropriate
action. The report will revier the process that has been followed, starting with the
initial identification of the problem through data analysis. This will be followed by a
description of the findings of the site visit that identify the factors contributing to
the accident problem andthe reasoning behind the identification of proposed
solutions.

This will then be taken forward to the development of a treatment plan described
in Section6.8.

Route/corridor analysis and investigation

Route/corridor analysis aims to identify road sections that are performing badly
from a road safety point of view in comparison to the average for other similar
roads. In this technique roads with a high potential for accident reduction are those
where theaccident density is much worse than the average for that road type. Once
road sections that have a high potential for accident reduction have been identified,
they should be investigated through a site visit to see if there are treatments that
will raisethe standard of that road to at least average for the road type. The person
conducting the site review will need to consider the type of accidents occurring on
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the section to determine whether any treatments are likely to rectify the underlying
accident problem.

When to conduct route/corridor analysis

Route/corridor analysis should be conducted on an annual basis. These analyses
will require a minimum of three years of accident data. In some countries with high
rates of under reporting it may be necessargtuse up to five years of data. As with
accident location analysis there is a balance to be reached between having
sufficient data for the analyses to be robust and having data that reflects the
current road network. As an approach, route/corridor analysis particularly useful
since it does not necessitate the precise accident coordinates necessary for
accident location analysis. Route/corridor analysis should be conducted alongside
accident location analysis since the two approaches will highlight diféert issues;
route/corridor analysis may uncover issues that pertain to longer sections but are
not concentrated enough to appear as localised accident locations.

Whilst route/corridor analysis does not require precise accident coordinates, some
information about accident locations is necessary to attribute accidents to road
sections. This information can be in the form of accident coordinates, or it can be
the road number, road section, link node location, or chainage along a road (see
Section 4 for more ifiormation on these types of accident locators). For the results
to be the most use this would be recorded and available for all accidents over the
whole road network.

Methodology

A stepby-step procedure for conducting route/corridor analysis and investigan
is outlined inFigure 64 below.
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Step :I.Sectconthe Step 8: Investigate Step 9: Identify
- network road sections solutions/treatments

Step 7 Analyse
accidenttypesand Step 10: Report
pattems

Step 2: Categorise
roads

Step 3 Assign Step 6: Identify
accidents to high priority
sections sections

Step 11 Track
performance

Step 5: Calculate
accidentrisk
(optional)

Step 4: Calculate
accidentdensity

Figure 64: Route/corridor analysis and treatment steps

6.4.2.1 Step 1: Section the road network

This first task should only be conducted once so that, as much as possible,
consistent road sections are used every year (sulasttial changes to the road
network including new roads will of course need to be reflected in the dataset). This
will allow the monitoring of highisk sections year by year. Ideally road sections
should be:

1 Homogenous in character (the section should hawmilar design features
and similar traffic flows)
1 Between 10 km and 150 km in length (and ideally as similar in length as
possible)
1 Meaningful, e.g., road x between junction y and junction z or between two
towns or settlements
Network LevelAssessment (NLA) as described in Volume 2 requires a similar
process to be conducted. It would be advantageous and efficient to use the same
road sections for both route/corridor analysis and NLAs.

The way in which the network is sectioned will need to keft the way in which
accident locations are recorded by the police. It will be necessary in Step 3 to assign
accidents to each length. This means that it must be possible to determine which
accidents were on each length. In the worst case, this may restrinetwork
sectioning to road names (preferably by jurisdiction). This may impact upon the
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quality of the results and the ability to be precise about priorities across the network
since most roads will be much longer than the ideal road section length.

If police accident data are already recorded using a limlode system, then it may
be best to use this as a basis for sectioning the network. Each section should be
given a unique identifier and sufficient location details recorded such that the
section is icentifiable on the network (i.e., latitude and longitude, road numbers or
settlement names at the start and end points).

Some freesource webbased mapping (Google Maps) provides a latitude and
longitude information if the location is clicked upon and seléed.

6.4.2.2 Step 2: Categorise roads

The next step is to categorise each road section using TRH 26. This is normally
already done as part of Road Asset Management Systems (RAMSS).

Ideally, traffic flow data should be collected in a robust and reliable manner. 3hi
would involve conducting detailed traffic surveys across the road network (again
already systematically done for the RAMSs by some road authorities). Often these
will be done by different departments in the road authority (for projects concerning
planning or environmental impact, etc.). If traffic flow data are not available, these
can be conducted based on considered estimates, though the results may not be
as robust.

6.4.2.3 Step 3: Assign Accidents to Sections

The process for assigning accidents to sectionslivilepend on the detail of data
available. If the network sectioning has been conducted to fit precisely with police

accidentdatalinknode | ocati ons, or if the police
anal ysis section’ t o,thenthes prodess has alréadyfbeea | d s t
completed.

If accident coordinates are available in a database, then these will need to be
assigned to the road sections. This can be done using a GIS mapping program or
website, or by comparing the accident coordinatesth the latitudes and longitudes

of the end points of the road sections with the same road number. Note that it is
more reliable to use accidents rather than casualties for this kind of analysis since
counting casualties can skew data due to accidentsvolving many casualties (e.g.,
mini-bus accident). If severity information on accidents is available and reliable,
weightings can be applied to the number of accidents in a comparable manner to
that conducted in accident location analysis (see Section 523).

6.4.2.4 Step 4: Calculate Accident Density

Accident density is a measure of the concentration of accidents along a section; it
is defined as the number of accidents on the road section (in a chosen time period)
divided by the length of the road section. Thigme period chosen will depend on

the number of accidents recorded (the higher the number of accidents per road
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section the shorter the amount of time required), however, it is suggested that a
period of three years would be a good starting point.

Accidentdensities show where most accidents are occurring across the network.
Accident density is highly influenced by traffic flow and so it is often the case that
such analyses just show where the greatest traffic flows are across the network.
Therefore ideally accident risks are also computed, however these require
accurate traffic flows to be recorded for each of the road sections used in the route
analysis.

6.4.2.5 Step 5: Calculate accident risk (optional)

Accident risk is the risk to an individual per billion vetie kilometres driven.
Accurate traffic flow data are required for each road section to calculate accident
risk. This measure effectively controls for traffic flows to find intrinsically highk
sections. Care should be taken with the results of risk alysis since highrisk
sections may not have the greatest treatment priority. Simply focussing on higgk
sections alone may mean investment is made on roads with low traffic volumes so
the casualty reduction potential may not be at its greatest. The r@stmost suitable
for treatment are likely to be those with a moderate to high accident risk and a
moderate to high accident density.

6.4.2.6 Step 6: Identify high priority sections

It is unlikely to be possible to investigate all routes/corridors in detail; theak, it

IS necessary to prioritise further review and treatment. Road authorities may wish
to focus their efforts on strategic/important roads that have higher traffic flows or
those locations that have a greater number of higher severity accidents. Irsthiep,
the highest priority sections for treatment need to be identified. In terms of risk and
potential for accident reduction, three sulsteps are needed:

1 Step 6a: Calculate the average accident density for each road category. It
is important to ensurethat this is calculated as the total number of
accidents on the road category divided by the total length for the road
category (rather than averaging the calculated densities).

1 Step 6b: Calculate the difference between the accident density for each
section and the average for its road category and rank the sections on this
basis.

9 Step 6¢: Calculate the potential for accident savings by multiplying the
potential accident savings per km per year by the length of the road
section.
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Table 62: Example of routetorridor analysis results:

Road
calegory

Class 3
PA02/1 Divided 4- 17 73 233 195 0.38 277
lane
Class 4
PA02/1 Undmided 4- 31 95 326 217 109 10.36
lane

*Rank for further review based on polental accident savings per ki per year.

A typical target for route/corridor analysis would be to at least investigate the top
10% of sections (more if possible or as may be directed by targets as per policy or
other) through the analysis of accident types anpatterns and the conducting of
site reviews. It is possible to calculate the potential casualty savings by multiplying
the potential accident savings per km per year by the average number of casualties
per accident. Although this will not further aid pridisation, it may be a useful
calculation to make the case for investment.

6.4.2.7 Step 7: Analyse accident types and patterns

Once high priority sections have been identified, the character of the accidents that
have occurred needs to be analysed. This can be ahrcted similarly to that
described in Section 5.2.2.4.

6.4.2.8 Step 8: Investigate Road sections

In this step an investigation team will visit the road section and, equipped with
knowledge of the type of accidents occurring, will investigate the section to
determine if any treatments might reduce risk. A route/corridor visit is like those
conducted for accident location sites in that:

1 The aim is to identify the underlying factors contributing to the dominant
accident types identified in the analysis

1 Visits need tobe planned so that timings are in accordance with accident
patterns (e.g., conduct visits in the night as well as during the day if a large
proportion of accidents occur at night)

1 The investigators must adopt the viewpoint of different road users
(particularly those represented in the accident data analysis)

1 The safety of the investigation team must be taken into consideration and
equipment provided» Findings should be recorded and documented using
videos and photographs

1 Community intelligence and consultégon can provide useful additional
information

A route or corridor visit differs from an accident location site visit since the same
level of detail is not required. Moreover, conflict studies are not relevant.
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Investigators need to examine the road charéeristics and features of the road
that appear to be causing road users a problem. During the visit, there may be clues
regarding the location of accidents (e.g., damaged or missing roadside furniture or
vegetation, or even vehicle debris or tyre marks dhe road surface) that will allow
more targeted treatment.

Note that it can be beneficial to investigate the best performing roads to
understand why they are performing so well, and whether any lessons can be
learned for application of those features acrasthe road network.

6.4.2.9 Step 9: ldentify solutions

For each section, countermeasure opt.i
the types of accidents known to occur on the section. Emphasis should be given to
the reduction of serious or fatal accidents For example, if there are many
pedestrian accidents, and pedestrians are observed crossing the road away from
crossing facilities then provision of pedestrian crossings and guardrail may be
appropriate. Similarly, if there are many ruoff road accidentsoccurring at night
then it may be appropriate to provide improved warning signs and delineation along
the section. In addition, it may be necessary to remove any roadside obstacles or
provide a vehicle restraint system.

In route/corridor studies it is posible to develop a treatment plan that provides
consistency of treatment along an entire route or corridor. Although treatments will
need to be more extensively applied, there may be cost savings associated with
treating longer stretches of road at once ah consistency will improve road user
experience. A list of potential treatments/solutions relevant to different accidents
is given in Appendix E. It provides hidével, indicative, guidance as to the type of
safety improvement measures which might be apppriate under different
circumstances.

6.4.2.10 Step 10: Report

A route/corridor analysis report should contain:

1 A description of the methodology used (corresponding to those applicable
steps described in Section 5.3.2)
1 A summary of the results showing:
- 10% best raad sections for each road category
- 10% worst road sections for each road category
This may take a format with the sections ranked by accident density.

1 The full database showing the results for all road sections should be
appended to the report
1 Results of the site review
- List of proposed treatments for further review and prioritisation
(see Section 5.5)
- Once several years of data have been analysed, it will also be
possible to include a performance tracking section
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If Network Level Assessments (M)are also being conducted (see Volume 2), it
would be advantageous to share the results of the route/corridor analysis with the
NLA project manager and, if possible, combine the resultant data sets. This would
mean that the Road Safety Assessor would lable to interrogate the performance
of a road section alongside the characteristics of the section.

Accident maps (optional)

Should a GIS map of the road sections be available, maps showing the accident
densities and accident risks along sections can be@iuced. The road sections can
be grouped into bands according to their accident densities (and then accident
risks) and then the map coloured according to this bands so that low density (or
rate) sections are coloured a different colour to higher densitgr(rate) sections.
Maps similar to those produced using the iIRAP Risk Mapping Protocol can be
developed (see https://irap.org/).

6.4.2.11 Step 11: Track performance

6.5

6.5.1

Each year the process should be repeated with the most up to date data available.
Since these analyss often warrant around 3 years of data, this would mean
comparing, for example, the dataset from 2013, 2014 and 2015 with the dataset
from 2016, 2017 and 2018. The performance of sections previously identified as
high risk should be reviewed, particularlthose sections that have been treated.
This step should also include the identification of any sections where the accident
density and/or risk has changed a lot from year to yeareven if this is a reduction

it needs to be understood.

Area analysis andrivestigation

As discussed in previous sections, there are varying degrees of road safety data
available in countries across Africa. Detailed accident location and route/corridor
analyses can only be conducted effectively where there are accurate and cotesis
data available. Both approaches require some information about the location of
accidents. If accident locations are not recorded, the police may still record
information on the area in which the accident took place. This may take the form
of a policearea code or similar.

Area analysis seeks to identify types of treatment that will be effective in areas
experiencing higher than expected accidents of certain types. It is therefore
important to be confident that the treatment being considered will be eittive for
particular types of accident.

When to conduct area analysis

Area analysis should be conducted on an annual basis. These analyses will require
a minimum of three years of accident data. In some countries with high rates of
under reporting it may be necessary to use up to five years of data. As with accident
location analysis there is a balance to be reached between having sufficient data
for the analyses to be robust and having data that reflects the current road network.
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6.5.2 Methodology

A stepby-step procedure for conducting area analysis and investigation is outlined
in Figure 65 below.

Step 3:
Compare
arearesults

Stepq: Step 5:
Conduct Identify
area visits solutions

Step 7: Track

to performance
national/regi

onal trends

Figure 65 Area analysis and treatment steps

6.5.2.1 Step 1: Analyse networkvide accidents

The initial step is to assess the available data for thehole country, network or
jurisdiction to gain a broad understanding of the current situation and overall
trends. This will require a comparison of several years of data in a consistent
format.

Possible analyses will depend on the accident characteristiescorded by the
police. The ideal analyses are as follows (it is likely many of these will not be
possible):

1 Fatalities by year (to be able to identify overall trends)
1 Fatality rate per 100,000 population per year (number of fatalities divided
by the popuétion of the country, then multiplied by 100,000)
1 Distribution (%) of accidents by:
- Road type (single carriageway, dual carriageway; paved, unpaved)
- Time of day (day versus night)
- Accident type (ideally headn, runoff, side swipe, vulnerable road
user etc.)
- Location type (rural, urban, semirrban)
- Road character (straight and flat, bend, slope, bend and slope,
narrow, bridge, rail crossing)
- Median presence (divided, undivided)
- Junction type
- Number of lanes
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- Road user type (pedestrians, motorcyclists, pedalclists, light
vehicle occupants, trucks, minibus, buses, agricultural etc.)

- Manoeuvre (turning, changing lanes, reversing, parking, overtaking
etc.)

- Road condition (good, poor)

- Weather conditions (dry, wet, snow/ice)

- Road works (present, not present)

6.5.2.2 Step 2: Conduct area analysis to identify common accident themes

The next step is to conduct the same analyses that were possible under Step 1 but
this time for each area of interest. The way in which areas are allocated may vary.
As a rule, thesmaller the area, the better to allow a more targeted approach in the
completion of the site visit in Step 4.

6.5.2.3 Step 3: Compare area results to national trends

Initially the number of fatalities by area should be reviewed. This can be used to
see if any trerds are emerging where there are steeper than expected increases in
fatality numbers in a particular area. If population data are available by area, then
it may be possible to calculate the fatality rate per 100,000 population per year by
area. This may idatify poor performing areas (though it should be noted that not

all road users will stay within their home area, so this analysis is not without fault).

1 Fatalities by year (to be able to identify overall trends)

1 Fatality rate per 100,000 population per yea
Comparisons of pure counts (not rates) between individual areas and the whole
network can be made statistically using a clsiquared goodness of fit test. This will
test to see if the distribution of accidents or fatalities is the same in each area as
the national (or regional) figures. For example, if comparing the distribution of
males and females killed in road accidents in one area compared to the national
figures (using hypothetical figures).

Step 1: Factor the national figures so that the total natiwal figure is the same as
the area total.

Step 2: Compare the factored national figure with the area figures using a €hi
squared statistic: (observed expected) 2/expected.

Step 3: Identify the number of degrees of freedom: this is the number of rows
(number of categories)- 1. In this case this is 2 (males and females} 1 = 1.

Step 4: Sum the chisquared statistics and compare them to the chiquared

standard distribution with the appropriate degrees of freedom (this can be done
automatically using Exceliocan be looked up in statistical tables). Excel will do this
with the functiomadechi dist’”. This 1is

Step 5:Interpret the pvalue: if this value is smaller than 0.05, then the distribution
of males to females in area 1 is statistically signifant different (at the 95% level)
to that across the whole network. In other words, the spread of male and female
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fatalities is not the same in area 1 as it is across the whole network. In the example,
the p-value is greater than 0.05 and therefore there ii0 significant difference
between the spread of female and male fatalities in area 1 compared to the
national figures.

Comparisons of counts between areas can be made using a-shuared test of
independence, note that this is different to the cksquared goodness of fit test
shown above. Comparisons of rates between areas can be computed using a Mann
Whitney Utest or a normal ttest if the parametric assumptions have been achieved

The results should indicate characteristics of accidents that differ froriose
observed across the whole road network.

6.5.2.4 Step 4: Area visits

In this step, an investigation team will visit the area and, equipped with knowledge
of the type of accidents occurring in the area, determine if any treatments might
improve the situation.These area visits are conducted using similar principles to
those adopted for route/corridor investigations.

6.5.2.5 Step 5: Identify solutions

Solutions should be identified in the same way as for route/corridor analysis (See
5.3.2.9).

6.5.2.6 Step 6: Report

A route/corridor analysis report should contain:

1 A description of the methodology used corresponding to the steps taken

A summary of the results for Steps 1, 2 and 3

The full database should be appended to the report

Results of the site review

List of proposed treatmats for further review and prioritisation (see

Section 5.5)

1 Once several years of data have been analysed, it will also be possible to
include a performance tracking section

= =4 4 A

6.5.2.7 Step 7: Track performance

6.6

Once several years of data have been compiled will be possible to conduct
performance tracking for each area. This will allow the identification of any
emerging trends by area. Once again, the granularity of performance tracking by
area will depend on the data recorded by the police.

Identification of accident causation and accident severity factors

Before completing the analysis and preparing a summary report, consider what
other data is required but not yet provided. For example, does the accident
information or the site inspection indicate that skl resistance testing should be
conducted? Do sight distances need to be measured?
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Draw conclusions

With all the information available from the analysis and the field inspection,
conclusions can be made about the underlying factors contributing to the
accidents. An assessment should be made of what it is about the road or traffic
environment which is leading to accident occurrence and/or accident severity.

Write an accident summary report

An accident summary report can then be prepared. This summarises the
information available about the site and incorporates the introduction and data
analysis. This summary report can form the first part of the final accident location
treatment report which will include consideration of countermeasures and an
economic apprasal of the proposed treatment.

At this stage, the accident summary report would typically include the following
sections of the report framework:

1 introduction
1 data analysis, as well as the information, an accident histogram by
accident type column subyroups may optionally be included in the
preliminary report or the accident summary report
1 contributing accident factors
1 appendices.
Note how the identification of common
problems. Also in this example, there aralescriptions of possible remedial
measures (which address these identified problems. Another alternative is to
structure the report according to the Safe System pillars.

Applying the process to area studies

The usual context for accident diagnosis on anea-wide basis is that a particular
area (say a residential precinct up to 5 kfor a shopping/commercial district) has
been identified as having a safety problem. In diagnosing that problem, the task is
to plot the location of all recorded accidents, togher with a code indicating the
road user movement or accident type. Since a focus of such studies may be
vulnerable road users, an analysis and presentation like that described for site
analysis is useful.

An explicit functional road classification schemis important in this instance, since
often in these types of study a solution involves adaptation of the road and street
network to ensure that extraneous traffic is excluded or discouraged. This cannot
be done until all the legitimate (and necessary) ta€ routes have been
determined.

Area studies will incorporate aspects of both site and route studies, to the extent
that accidents cluster at these locations. However, one important objective of an
area study is to consider all the accident problems of ¢harea together, in a

consistent manner. This may include road network problems which are contributing
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to the accident experience of the area
run’ ) . Sol ut i o nsviderseidies shouid e intdrated mto a total a
scheme to ensure that new safety problems are not created elsewhere, either in a
nearby street or a nearby area. Implementation will often require community
consultation.

Applying the process to mass action programs

The approach to thediagnosis of accident patterns for mass action programs is a
little different because the focus is not a particular site. Nevertheless, the basis of
the investigation is again an interrogation of the mass accident data base.
Accidents may be sorted by addent type (as described above) to identify the

locations where a particular type of accident, amenable to a standard treatment, is
occurring. Examples, with possible countermeasures, might include:

1 accidents involving accidents with a bridge @structure (guard fencing and
delineation)
1 rural single vehicle ruroff-the-road accidents (sealed shoulders)
1 accidents with utility poles on bends (removal of poles, shielding them,
making them frangible or improving skid resistance).
Alternatively, accidats may be sorted by the road user to identify where accidents
involving those users are occurring. Examples might include:

1 accidents involving older or child pedestrians

1 accidents involving cyclists or heavy vehicles.
Under mass action programs, many siseare often treated, irrespective of whether
accidents have occurred at all of them. Care therefore needs to be taken when
conducting economic appraisals for mass action, as the accident modification
factors (AMFs) applicable at such sites may differ todke from where clusters of
similar accident types occur (they may be lower). Similarly, there may be economies
of scale when installing treatments that make the cost per unit installed less.

To the extent that there is a significant occurrence of accident$ a particular type

or accidents with a common contributing factor revealed by such a study, the
analysis could form the basis of a mass action program. If there is no significant
occurrence by accident type, it is unlikely that a mass action programesigineering
countermeasures is appropriate.

Countermeasure selection and design

Having identified the elements of the road and traffic environment which
contributed to the accidents and their severity, the next step involves consideration
of countermeasures. For a solution to be effective, it must be applied to a particular
problem which it is known to affect. It must be an effective countermeasure.

The aim of countermeasure development is to:

I select countermeasures which have been demonstrated to be effaat in
reducing the incidence and/or severity of target accident types
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1 check that adopted countermeasures do not have undesirable
consequences, either in safety terms (e.g., lead to an increase in the
number or severity of another accident type, or accidemigration) or in
traffic efficiency or environmental terms

1 be costeffective, i.e., maximise the benefits from the whole program of
expenditure over a number of sites

1 be efficient, i.e., produce benefits which outweigh the costs.

There are several critéa for countermeasure selection, including (Ogden 1996):

1 Technical feasibility: can the countermeasure provide an answer to the
safety problems which have been diagnosed and does it have a technical
basis for success?

1 Economic efficiency: is the countermesure likely to be coseffective and
will it produce benefits to exceed its costs?

1 Affordability: can it be accommodated within the program budget; if not,
should it be deferred, or should a cheaper, interim solution be adopted?

1 Acceptability: does the comtermeasure clearly target the identified
problem, and will it be readily understandable by the community?

1 Practicability: is there likely to be a problem of nesobmpliance, or can the
measure work without unreasonable enforcement effort?

1 Political and inditutional acceptability: is the countermeasure likely to
attract political support and will it be supported by the organisation
responsible for its installation and ongoing management?

1 Legal conformity: is the countermeasure a legal device, or will usdrs
breaking any law by using it in the way intended?

1 Compatibility: is the countermeasure compatible and consistent with
other strategies, either in the same locality or which have been applied in
similar situations elsewhere?

The decision to adopt garticular countermeasure may involve more than a simple
matching of a solution to a problem.

Safe System treatments

A challenge under a Safe System approach is to ensure greater usage of treatments
that will provide Safe System outcomes (i.e., the elimith@n of death and serious
injury). Due to cost considerations, safety improvements that have only moderate
effects on fatal and serious accident outcomes are often used as these often
produce a greater beneficost ratio (see Section 5). Although there & place for
such treatments in reducing accident risk, other treatments that produce greater
benefits in terms of fatal and serious injury per dollar spent should be explored as
first options where possible. Further discussion on this issue can be foundliarner

et al. (2009).
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Speed management

Speed is known to have a significant impact on the likelihood and severity of
accidents. A good evidence base now exists regarding the survivability of road users
for different accident types based on impact speedhis knowledge needs to guide
the approach that is taken to the management of speed.

Where speed has been identified as a contributory factor to accident severity
and/or causation, appropriate management of speed should be investigated as a
countermeasure. At intersections, techniques include the installation of
channelisation, roundabouts or threshold treatments. At miolock locations,
appropriately designed traffic calming can be used.

Match the solutions to the problems

Often there will be a number of &krnative countermeasures which could be
applied, either individually or in combination. The final choice about which
countermeasure(s) to select requires road safety engineering experience and
judgement about the factors which have led to the accidents.

There is extensive literature, particularly from the USA and Australia, that can be
consulted for more information on the accident modification factors (AMFs) (or
Crash Modification Factors) for various countermeasures to common types of
accidents. These shuld be used for indicative purposes only to get guidance on
the potential of a solution to accident locations. Every opportunity to treat an
accident location is an opportunity to contribute to research and development to
develop locally based AMFs. It ismportant to note that any countermeasures will
only be effective if they really are a countermeasure for the type of accidents (and
the particular causes identified) at the location in question. This underlines the
point that the process must firstly idatify whether the safety problem at a location
is amenable to treatment, then determine what (if anything) that treatment should
be.

The countermeasure for one accident problem is likely to be different from the
countermeasure for another problem. In someases, the countermeasures may
possibly even be in conflict. For example, if there is a signalised intersection with a
history of both pedestrian accidents and accidents between turning and oncoming
vehicles, the latter can be tackled with fully controlletlirn phasing of the signals,
but this may make the pedestrian situation more complex, and perhaps even
exacerbate it if the pedestrians do not obey the pedestrian signals. In such cases
road safety engineering knowledge and judgement is required to assedigpossible
positive and negative effects, including possible further countermeasures to
address the negative effects.

Select the solutions

With some accident locations there may be a clearly defined accident pattern and
an obvious countermeasure whichan be confidently applied. In other cases, the
accident pattern is unclear and/or the solution is not evident. It may be that two

85



6.8

6.8.1

South African Road Safety Assessment Methods
Volume 1: Network Screening

solutions are relevant, one being a relatively expensive one which overcomes a
large percentage of the accident problems andhé other being a lower cost solution
which reduces the accident problem to a smaller degree. Until the stage of
analysing the benefits and costs it may be a good idea to keep both treatment
options under consideration.

Development of a treatment plan

Treatment plans are a prioritised list of countermeasures that are estimated to offer
cost effective improvements to reduce risk. The site investigations conducted in
response to the analyses described in Section8.3, 6.4 and 6.5 will allow the
identification of potential treatments for application across the network. Before
conducting the curative techniques described inhts TRH 29 it is necessary to
ensure that a budget is in place to implement recommended treatments.

It will rarely be possible to implement all possible treatments and so it will be
necessary for the treatments to be prioritised. Since it is public fundsat are to be
used accountably, Economic Appraisal (Secti@pwill be an appropriate instrument
to ensure that any planned investment will be commensate with the achievement
of the desired results and impact. Some recommendations on treatments can
specifically dedicated to road safety improvements that can scheduled as part of a
rolling action plan. Some problems identified will be of an urgent nat&ufor which
an immediate action will have to be devised and funded from discretionary or the
like mechanisms. Some treatments may be of the type and extent that, with some
careful planning, can be incorporated into maintenance programs at little, or no,
additional cost.

Typically, minor modifications to improve the road environment through road traffic
signing and markings can be implemented fairly easily, whilst even modest changes
such as implementing guardrail or vehicle restraint systems need a specliedget
allocation. More major interventions such intersection capacity improvement,
control or pedestrian crossing provision may even require additional design before
appropriate measures can be fully implemented. However, the scale of work and
potential benefit needs to be assessed to determine a list of priority schemes to fit
any budget allocation.

Role of economic appraisal

Economic Appraisal (EA) should be performed for all proposed treatments and is a
means of prioritising a treatment programme. EA the formal estimation of the
potential benefits of implementing a specific measure or scheme, usually in terms
of the expected longeterm financial return on the initial investment, versus the
costs. EA is a key method to help engineers make decisions which schemes
should be implemented when budgets are constrained since it provides an
objective measure of expected performance that can be compared between
schemes. It will therefore help staff make decisions on which measures should be
implemented.
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There are several techniques that can be used, from the more complex Benefit Cost
Analysis (BCA) which requires an extensive set of supporting information and
parameters, to more straightforward techniques that include FirstearRateof-
Returns (FYRR) and GbEffectiveness Analysis (CEA). It should be noted that EA is
an approximate method with the main aim to conduct it as consistently and
practically as possible. Also, EA results are seldom used as the sole justification for
decision making on whether todnd a scheme or not.

For all the methods, it is necessary to determine the number of relevant accidents
that will be saved and thereon estimate the potential effectiveness of treatments.
These aspects are described briefly below. Conducting economic apgahis dealt
with in detail in Section?.

6.8.1.1 Identify relevant accidents

The first step is to identify the number of accidents that are relevant tgparticular
treatment. So, for example, if the treatment is to install a vehicle restraint system,
relevant accidents would be ones involving a vehicle running off the road. For the
installation of a pedestrian crossing, relevant accidents would be those evk
pedestrians were crossing (rather than walking along) the road.

6.8.1.2 Effectiveness of treatments

There are countries that have been performing road safety management and
evaluation purposefully for many years and have gathered reliable evidence on the
effectiveness of treatments. However, the availability of such information is
currently in a development stage and likely limited. Thus, instead, it is necessary to
use information about the effectiveness of treatments from other regions of the
world and apply road safety engineering judgement and experience when
considering the likely impact in the relevant context.

One significant benefit to improving the quality and analysis of accident data is that
it will become possible to evaluate the impact of treatmentmore confidently.
Building a regional resource containing evidence on the impact of treatments
should be considered a priority. Sharing such results will allow significant evidence
to base to be built relatively quickly. Section 6.2 provides guidance ommgple
approaches to evaluation that can be used to start to build an evidence base. There
are several international sources on the likely effectiveness of treatments. The first
source that can be consulted is the iRAP Road Safety Toolkit (toolkit.irap.org)

The iRAP Toolkit compiles best practice information on road safety treatments from

across the world. In the toolkit there is information about the effectiveness of a
treatment, relative cost, implementation issues and references to sources that

provide nore detail. Exhaustive information on the iRAP Toolkit is accessible at
https://toolkit.irap.org/. A further sour
of Road Safety Measures’ (second edition)
similar information in greater detail. According to the iRAP toolkit, installation of a

vehicle restraint system has an effectiveness of 460% in reducing ruroff-the-
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road accidents. If an average over 3 years of 10.5 rwif-the-road accidents occur
on a road section eah year, and a conservative estimate of effectiveness of 40%
is taken, then 4.2 accidents per year may be saved through the installation of a
vehicle restraint system.

6.8.1.3 Economic appraisal methods

Benefit cost analysis

BCA is a demanding task to perform preply. It requires all significant monetised

costs and benefits to be assessed typica
include annual maintenance costs, all environmental and social impacts; all costs

need to be moved into a single base year value andDP growth across the
assessment period needs to be considered. It is an-tepth process that can

require significant effort and so it is not suited on smaller schemes. To conduct a

BCA, the following information is generally required:

1 To calculate beneits
- Treatment effectiveness
- Treatment lifespan
- Value of a life, serious injury, slight injury and damage only accident
- Standard official inflator factors/GDP growth factors/Discount
rates
1 To calculate costs:
- Treatment implementation cost
- Approximate annuamaintenance costs
- Treatment lifespan
These items are then used to calculate a Net Present Value (NPV). ROSPA (1995)
suggests that in some cases it may be advisable to carry out an evaluation which
expresses the difference between costs and benefits thatay accrue over several
years (e.g., if the installation covers more than one year and there are known to be
inevitable new maintenance costs in future years. The accrual needs to be against
a common year price base. In the NPV approach there is a needake account of
money having a changing value over time because of the opportunity to earn
interest or the cost of paying interest on borrowed capital.

The major factors determining present value are the timing of the expenditure and
the discount rate (inteest rate). The higher the discount rate, the lower the present
value of expenditure at a specified time in the future. If the discount rate for roads
is 6%, then R100 of value this year, if it accrues next year would be valued at 6%
less (i.e., R94 and tle following year R88, etc.). The overall economic effectiveness
of a scheme is indicated by the NPV, which is obtained by subtracting the Present
Value of Costs (PVC, which must also be discounted if spread over more than one
year) from the Present Valuef@Benefits (PVB).
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Firstyearrate-ofreturns

FirstYearRate-of-Returns (FYRR) is commonly used for appraising loost
schemes. In this method accident costings are required along with estimated
treatment costs and accident savings. The simplest FYRRI be estimated as the
number of accidents in the 12 months before installation minus the predicted
number of accidents in the 12 months after installation multiplied by the average
cost of an accident. The formula is:

P TAT OGO QUM DBIQQE | D O QUWES D EI'QO QIO L Q1 QP ED O OQRQQE ¢
"YE Owx0E DG Q

Cost effectiveness

The simplest met hod f or cdfregtmyenass EAN
(CEA). In CEA the cost that needs to be expended for each accident saved in
alternative and competing schemes is estimated to help with the prioritisation of
investments. Care must be taken when assessing the likely effectiveness of
treatments since these are unlikely to be additive. In some cases, calculations have

been seen where the estimated effectiveness of several treatments is greater than

100%. This is clearly not possible. Road safety engineering judgement needs to be

applied in combining the likely effectiveness of treatments. The main parameters

required are:

1 The number of accidents per year
1 The estimated effectiveness of each scheme as an expected reduction in
accidents after implementation

1 The total estimated cost of thgoroposed schemes
To calculate the CEA for each site, section, or area the total scheme cost is divided
by the number of accidents saved per year in the after period. It is important to use
the number of ‘“rel evant - ieatbhosewtiennillde i n t h
impacted by a measure. For example, if there are 10 accidents per year assumed
in a section being assessed, 3 of which occurred in day time and 7 at night time. If
the proposed measure is to install street lighting, this measure cannot bepected
to reduce the 3 daytime accidents, so the relevant number of accidents is 7 rather
than the total of 10.

Using the same example as described earlier the following calculation can be
performed.

1 Number of relevant accidents per year 10.5
Expected redetion or measure effectiveness 40%
Expected saved accidents per year 4.2

Cost of measure R400,000

Cost Effectiveness is R9,524 (400,000/4.2)

= =4 =4 4
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This gives a value which represents the cost required to save a single accident for
each proposed scheme. The potéial schemes can be ranked by the calculated
CEs in descending order and those schemes with the smallest values should be
implemented preferentially. This method does not require accident cost estimates,
although estimates of the effectiveness of treatmestare required. Disadvantages
include that the approach does not consider accident severity. Clearly this does
require an estimate of the number of accidents, and in our current context, this can
be difficult to achieve.

6.8.2 Implementing a treatment plan

Oncea treatment plan has been devised and prioritised, implementation should
follow. Where there are major changes to a site, road section or area, these should
be subjected to Road Safety Audit (see TRH 29, Volume 3).

7  Conducting economic appraisal

7.1 Objectives

The key objectives of economic appraisal are to ensure that treatments are cost
effective, and that they optimise road safety benefits producing the greatest
reduction in fatal and serious injury based on available budgets. The term appraisal
is used here to refer to the analysis of measures before they have been conducted.
By contrast, the word evaluation is used to refer to the analysis of measures after
implementation.

Economic appraisal approaches include CEA and BCA. BCA uses monetary values
to compare total benefits with total costs of any given countermeasure indicating
whether a project is worthwhile and to determine the applicability of an investment
based on the total benefits and costs of the investment. It is also used to compare

a prgect with any alternative projects, isolating and measuring the benefits and
costs of each project.

The steps for conducting BCAs are outlined below.

1 Project definition: identify the accident problem, define the target and
outline treatment options.

1 Definebase case and project options.

Determine parameters (e.g., treatment life, discount rate, time frame etc.).

1 Identify and quantify all impacts (benefits and costs, in terms of treatment

effectiveness i.e., the target number of accident reductions;

implementation, maintenance and operation costs, social cost of

accidents etc.).

Convert all benefits and costs to present values (discounting).

Calculate the benefit cost ratio and net present value.

Sensitivity analysis.

Report and present results.

=a

= =4 =4 A
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Cost of acciegnts and remedial treatment options
Treatment options

The first step in the analysis is to identify the scale and nature of the road safety
problem. This entails obtaining the number of observed accidents and injury types
(e.g., fatal, serious, minor) ovea specific period. The data forms the basis from
which reductions in accident occurrence and severity, and thus benefits are
estimated.

Countermeasure options generally differ in levels of expenditure and maintenance
costs. Treatment options selected witlepend on the direct impact on the identified
accident problem. This involves selecting targeted remedial treatments that have
been demonstrated to reduce the likelihood and/or severity of these accidents.

An assessment of the safety problems at a site pdead to recommendations for
very lowcost engineering treatments, such as a few signs, or some added line
marking, or chevron alignment markers around a curve.

If a very lowcost treatment is judged to be an effective course of action, there is
little point conducting a full economic appraisal of it. It may well cost more in time
and effort to justify the expenditure than to implement the treatment. It should
simply be implemented as soon as possible, e.g., using a budget allocation for
minor safety worksor for maintenance. But keep in mind:

1 Any very lowcost treatment must reduce the identified accident type(s).

1 There is a limit to how effective very loaost treatments can be; to treat
most accident locations a significant expenditure of money will be
required.

1 The temptation to solve every problem by putting up a sign should be
avoided (although it is also important to check existing signs are
appropriate and well maintained).

Cost of Accidents

A key component of benefit cost analysis is the cost of accidents. The benefits from
safety countermeasures over time are estimated by placing an economic value on
accidents and applying this to the expected reduction in accidents (by injury or
accident severity). This economic value, referred to as the social cost of accidents,
is the value of property damage caused by vehicle accidents, medical and
ambulance costs, insurance and administration costs, loss of output costs, police
costs and human costs assoiated with the pain and suffering caused by death and
injury.

For prioritising actions aimed at reducing accident frequency, a single average cost
for all injury accidents is generally considered sufficient, particularly in view of the
difficulty in predcting the specific severities of accidents that might be prevented.

The value of the accident reduction benefits is calculated using the standardised
costs of the particular accident types.
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7.3 Calculating the costs and benefits
7.3.1 Key parameters

The key parametrs for estimating countermeasure benefits and costs include the
countermeasure’s treatment |ife, costs, b

Treatment life

Project or treatment life refers to the period over which a treatment will deliver
safety benefits befoe major rehabilitation or replacement is required. The
treatment life varies with type and scope of project, climate causing infrastructure
to deteriorate, traffic volume either causing infrastructure to deteriorate or growth
causing congestion requiring ftanges to infrastructure, local standards and
resource availability affecting ability to replace infrastructure when due and level
and regularity of maintenance.

For projects involving multiple treatments e.g., network or national accident
location prograns, the service life applied is that of the longedived component.

Accurate information on a countermeasur e’
funds to achieve the most coseffective returns in terms of injury and accident
reductions.

Costs

Total muntermeasure costs include implementation (installation, material and
labour costs), routine and periodic maintenance, and any operating costs (e.g.,
electricity supply).

There are different definitions of treatment costs with some texts defining costs as
initial or upfront costs only and others treating costs as both initial and
operating/maintenance costs. It is customary practice to include changes in
maintenance expenditure on the costs side of the equation, as these are a cost (or
saving) to the roadagency. This section will treat ongoing/operating costs as
negative entries in the benefits balance sheet. Whichever definition is chosen, it is
important that it be applied consistently, because criteria based upon dividing one
number (e.g., costs) into aother (e.g., benefits) will produce different values
depending upon the definition of costs and benefits. Funding programs or
government agencies (e.g., treasury) often specify what must be included in costs.

Initial cost (e.g., engineering and capital)

Initial costs refer to the costs incurred ufiront, as the project is designed and built
(implementation costs) e.g., installation, material and labour costs for each
countermeasure. The costs differ by road environment type, traffic volumes, local
environment, local labour costs and availability of materials).
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Annual maintenance and operating costs

These costs refer to routine and periodic maintenance costs and running costs. The
level and regularity of maintenance and associated running costs depend on the
countermeasure or in the case of multiple treatments, countermeasures.

Benefits

The benefits of a safety countermeasure principally comprise savings in road
accident costs which are estimated to result from its implementation. They are due
either to a reduction in the number or the severity of accidents. Other significant
cost reductions or increases resulting from the treatment should also be included.
Unlike the cost, which is usually incurred in one (or possibly two) years when the
project is designed ad built, the benefits are gained over the life of the project.

Benefits are expressed in terms of monetary savings from accident reductions or
prevention of casualties (fatalities and injuries) over a given number of years. For
example, in the case of addent location treatments, the estimate of resulting
accident changes reflects the changes in target accidents (i.e., accident types of
the treatment is aiming to prevent).

The accident changes can be presented as accident rates (e.g., per 100 million
vehiclekilometres of travel) or as changes in the number of casualty accidents. The
use of accident rates as an estimate of accident changes depends on whether they
reflect the number of accidents and accident severity and how they are measured.
In some cases the accident rate may not fully reflect the changes in accident
severity. The effectiveness and magnitude of accident changes vary, for example
by road environments, i.e., buiip (urban) and norbuilt-up (rural), and the existing
accident severity andype.

Treatment effectiveness is measured by accident modification factors (AMFS).
Different methods are used to obtain the numbers of accidents avoided and to
estimate the treatment effectiveness. The estimate of treatment effectiveness
depends on varied factors including data availability related to the past
performance of the treatment, estimation method (i.e., whether confounding
factors are taken into account), local conditions and changes in traffic volumes over
time. In the case of multiple treatmerg, evaluation studies traditionally identify and
measure the effectiveness of the primary or main treatment.

Discounting

In any economic appraisal, it is important to identify a given base year from which
all future costs and benefits can be assessed. This because the value of a dollar
received in the future is less than the value of a dollar now (also referred to as the
time value of money). Crucial to this process is the appraisal period, base year and
discount rate.
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Appraisal period

The selection of an appraisal period has a critical impact on the value of benefits
and costs. The potential economic/treatment life of the project should only be used
as the appraisal period after careful consideration because traffic patterns, traffic
management objectives, technology, etc. may all change over the whole economic
life of the works.

For example, the period used for appraisal for road marking projects will usually be
no greater than five years, while those for signing and road surface improvertseen
will not exceed 10years. For construction of new works, the appraisal period will
generally be up to around 26/ears, although in some circumstances (e.g., grade
separation or curve realignment), the appraisal period may be far greater.
Specialists in individual jurisdictions should be consulted regarding appraisal
periods.

Base year

The base year is the year to which all monetary values for the impacts (benefits and
costs) of a treatment are discounted. The base year for small projects is usually the
first year of implementation but varies from the year preceding construction to the
year preceding operation or the last year of construction.

Discount rate

The discount rate is used to convert future benefits and costs to present values.
The appropriate dscount rate for this form of economic appraisal is often a matter
of some disagreement. Often, it is prescribed by another arm of government (a
treasury or department of finance) in order to maintain consistency across different
agencies.

The choice of disount rate can have significant effects on the desirability and

selection of projects, especially where benefits and costs accrue later in the
treatment’ s |ife. A higher discount rat e
occurring later in the treatment s | i f e, favouring projects
in the project.

To calculate the present value, first compute the discount factor as in Equation 7
1.

AE ORISR 08— 4. (1)

where
r = discount rate

t = number of years from base year
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The present value is therefore computed as the benefit or cost multiplied by the
discount factor. The values are used to calculate an index which is used to assess
the worth of the treatment, and later to rank it against other candidate projects for
a works piogram.

7.3.3 Calculating costs and benefits

Selection criteria in benefit cost analysis include the firgtear rate of return (FYRR),
the internal rate of return (IRR), benefit cost ratio (BCR) and incremental benefit
cost ratio (IBCR) as well as net present wa (NPV). However, the two main
indicators in assessing a project or treatment are the BCR and the NPV. They
indicate whether the benefits of the proposed treatment outweigh the costs and if
the preferred treatment has the greatest net social benefit.

Benfit cost ratio

Benefit cost ratio (BCR) is defined as the present value of benefits (net operating

and maintenance costs) divided by the present value of implementation costs. It is

used to rank projects where there is a budget constraint and serves as iadicator

of a project’s econemnic efficiency (Equat

Dwd U6 (7-2)
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where

0V = present value

0 = all benefits

0 C= treatment operation and maintenance costs
‘@ = treatment implementation costs

Source: ATC (2006).

A BCRyreater than 1.0 indicates that the alternative is worthwhile, and the greater
the BCR, the higher the benefits are. However, this says nothing about whether a
project should be conducted. Although the approach can determine whether a
project is worthwhile ranking according to BCR will not necessarily maximise
reduction in fatal and serous accident outcomes. BCR tends to provide more
favourable outcomes to lowcost treatments, which may be less effective in terms
of fatal and serious casualty reduction. Feexample, installation of warning signs,
although providing a high BCR tend to reduce fatal and serious accident outcomes
only marginally. For this reason, it is recommended that BCR not be used on its own
when prioritising options, but rather NPV also hesed.

Net present value

Net present value (NPV) is the difference between the discounted (present value)
monetary value of all the benefits and costs of a particular project or measure. A
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treatment with a positive NPV can be regarded as economically wavttile, i.e., the
community is better off to undertake it than not. A positive NPV therefore indicates
an improvement in economic efficiency compared with the base case.

The NPV is expressed as (Equatior3].

7-3
. w 6 06 "06 (738)

where
r = discount rate
t = time in years
¢ = number of years during which benefits and costs occur
0= benefits in yeard
0 Go= operating and maintenance costs in year
“‘@s= implementation costs in yeab

Source: ATC 2006.

The major methodological advantage of the NPV method compared with the BCR
method is that it provides a consistent, simple comparison of alternatives and is
unaffected by interpretations or errors in deciding what is a cost or a benefit.
Moreover, the NPV metbd is applicable where there is a budget constraint.

Conduct sensitivity tests

An economic appraisal should always be subjected to a sensitivity test. This is a
test to determine how sensitive the results are to changes in the assumptions made
about the vdues of variables.

In particular, a range of expected accident reduction percentages should be
assessed, since one can never be certain about what the actual outcome will be
(see Section6.6 and 6.7). Using a low and a high estimate of possible and realistic
outcomes is always good practice. If theutcome is favourable, even when a
pessimistic forecast of accident reduction is used, one can be confident that the
project is worthwhile. Conversely, if the outcome is unfavourable even with
optimistic assumptions, one can be confident that the projeds unlikely to be
worthwhile.

It is in the middle ground (favourable under optimistic assumptions and
unfavourable under pessimistic assumptions) where effort should be put into
refining the estimates of assumed values to get a better forecast of benefasd
costs.
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Ranking the treatment of accident locations

Once each countermeasure has been subjected to an economic appraisal, all the
candidate projects need to be ranked to decide which one to implement. Usually

this means compar i nBCRsaThe kepabjedtive stoproviddlP Vs
the greatest benefit (reduction in fatal and serious accident outcomes) for the

available budget. The economic appraisal is an aid to decision making. If all
decisions are based on benefit/cost ratios alone, a situatiocan arise where, for

example:

1 a project is delayed until the number (cost) of accidents is sufficient to
justify the project, even though at the time it is delayed it can be
reasonably predicted that the rate of accidents will continue unabated

1 the costof a treatment is artificially restricted, and it does not include
sufficient improvements to address the accident problems.

Consequently, the ranking procedures described in this section should not preclude
decision makers from applying sound judgement tapprove projects which need
to be advanced, or which need adequate funding to achieve project objectives.

The choice of selection/ranking criteria depends primarily on available data as well

as the scope of the treatment. The NPV provides information drettotal welfare

gain over a project’s treatment ' i fe wh
between the present value benefits and implementation costs of a project.

The NPV method is applicable where there is a budget constraint, and the aim is to

seect the most worthwhile set of projects.
those projects whose total initial costs are less than or equal to the budget
constraint but whose combined total net v

The benefit/cost ratio itself mist not be used to rank alternativesRather, ranking

involves a comparison of all alternatives with a BCR > 1. Generally, the NPV is the
preferred criterion as it provides an est
net social benefit.

An alternatve approach is to apply the goals achievement approach, whereby
projects are ranked but no attempt is made to assess their economic benefits
against their costs.

A useful checklist

With economic appraisal of proposals increasingly required for road safety
engineering projects, here is a useful checklist, particularly in conjunction with
sensitivity testing:

1 identify the project costs in terms of capital, maintenance and operating
costs

9 select an appraisal period

choose a discount rate

1 define the effects onvarious accident types

=
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1 differentiate between the effects of this treatment on (i) accident
frequency (numbers) and (ii) casualty outcomes (severities)

1 use robust data to estimate the effects of this treatment on the frequency
of accident types

1 identify the accident type or types in which this treatment is likely to have
its greatest effect on the casualty outcome

1 identify other accident types in which this treatment may have some effect
on the casualty outcome.

Presenting the results

Having condicted the economic appraisal, present the results in a form which
allows the decision maker to review the values for net present worth of benefits
and costs and the values of the selected relevant variables. Tabular or graphical
presentations, highlightingthe economic benefits, the accident savings and the
expected performance against accident reduction targets can be helpful in
explaining the results of the appraisal.

Applying to routes, areas and mass actions
Routes and areas

Where a route or areavide action is being considered, the route or area should be
divided into individual components (usually by individual devices) and the benefits
and costs calculated separately. The costs and benefits can then be aggregated
over the entire scheme to arrive at th net present value or benefit/cost ratio. In
some instances, separate NPVs or BCRs can be calculated for individual
components of the scheme where it is considered that these components could be
installed as standalone treatments. Care needs to be takemhat this does not
result in a route or area having a series of inconsistent layouts or treatments after
only the high BCR sites are treated.

Mass actions

For a mass action scheme, the NPV or BCR should be calculated for the scheme.
Mass actions are implenented on the basis that individual sites may not have an
accident problem, but collectively the type of road feature is known to have a
worrying incidence of accidents. It is thus not correct to calculate the BCRs
separately for each site or for those sitehaving the greatest numbers of accidents.

Postcompletion evaluation

Postcompletion evaluations are carried out after the project has been

i mpl emented. They assess the project’s
and identify future improvementsThey also provide feedback on the efficiency of
implementation, the effectiveness of the measure, feedback on the project
evaluation process, lessons learnt and indicate whether the investment was
worthwhile.
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The timing of posttompletion evaluations shotd allow for the project effects to
settle, meaning they should not be in the preliminary stages of project
implementation. The main component of post completion evaluations involves
comparing the observed before and after accident rates and comparing tleeto
the forecast preventable accidents (or accident modification factors where these
were available) to determine if the forecast effectiveness was realised.

Alternatives to benefit cost approach

The goals achievement approach to project appraisal

The algoachi evement approach is an al
method discussed above. It aims to show the extent to which alternative proposals
achieve a range of preset goals. The goals may be both quantifiable (e.g.,
economic) and nomguantifiable (e.g., social and environmental). The purpose of
this evaluation is to present the decision maker with information about the
consequences of alternative courses of action.

The approach involves the development of a table which shows the extent to which
each alternative achieves the prescribed goals or objectives. Typically, the
presentation is in the form of a table where measures which are to be used to
assess the various goals are provided as rows. These measures (called criteria, or
measures of effeciveness) may include safety related factors, economic factors,
accessibility issues, environmental factors, or other issues of interest. The values
for each of these measures are presented as columns of values for alternative
project options. Alternativelya matrix approach can be used with the purpose of
determining the extent to which each alternative will meet objectives. A simple
assessment scale can be used to determine whether the alternative contributes
towards goal achievement (+), whether it detcas from it ) or has no effect (0).

Costeffectiveness analysis

Cost effectiveness analysis (CEA) involves comparing the cost of a proposed
countermeasure with the effect it produces (see Equationd). Within CEA, projects
are ranked and screened accoiidg to their cost and effectiveness in improving
road safety or achieving policy objectives. Effects are expressed in amanetised
units, e.g., the change in the number of fatal and serious injuries. CEA is mainly
applied when comparing alternative projes, programs and policies with a similar
outcome. The coseffectiveness is expressed as the cosffectiveness ratio (CER).

. _ e p e e £.0 0 W
#1 BEEAAOEBOBE :XOQ,

The costeffectiveness approach to decision making is concerned with determining
the extent to which each of a number of alternatives contributes to the attainment
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of prescribed objectives. It is most applicable where there is a fixed budget, and the
aim is to achieve maximum results from that expenditure and where there is a
specified objective,and the aim is to determine the cheapest way of achieving it.

This approach and all other goals assessment techniques differ from other
economic appraisaltechniques in that they say nothing about how worthwhile the
objective is: there is no measure of worth or value about the objectives or the
results of the analysis. Therefore, the cosiffectiveness approach has relevance to
road safety project appraisabbnly to the extent that it assists in screening and
ranking alternatives which are essentially similar in nature, and which can be
assessed with respect to a single objective, such as reduction in the number of fatal
and serious casualties.

For example, ifa road authority has a simply expressed goal of reducing the number
of fatal and serious casualties in total, then the economic benefits or other impacts
of remedial schemes are essentially irrelevant to that goal. A cesftectiveness
approach which simy lists the expected accident reduction from each of various
competing schemes would therefore be appropriate to that goal, as it would
indicate to the decision maker the set of treatments which are expected to have
the maximum potential to reduce accidernfrequency.

FSI casualty equivalents approach

An approach used in some other countries is the cost per FSI saved. Further
devel opment on this is *FSI casualty equi
of people that are killed or seriously injured fogvery reported injury accident. FSI

factors are calculated for intersections and midblock locations for a range of
different accident types. The FShctors take into account the relationships

between speed environment, roadand accident type and are fouded on
knowledge that the change in these factors affects the severity of accident
outcomes.

The FSI casualty equivalents are applied to each reported injury accident to
estimate the number of people that can be expected to be killed or seriously injured
if current accident trends continue. The FSI casualty equivalents method
acknowledges that actual fatal and serious accident data alone is not a good
indicator of the underlying risk of a higiseverity accident at many locations. The
FSI casualty equivalerst method allows parts of the road network with moderate
accident numbers to be identified as highisk if the type of accidents occurring are
indicative of a high probability that the next occurrence will be of high severity.

This approach is very consisté with the key Safe System focus of maximising the
reduction in these severe accident types. A quick guide to conducting such an
evaluation suggests the following steps:

1 identify treatment options
1 calculate treatment costs for each of these options
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1 determine the value of each FSI savéd

1 convert the annual savings to present value of the whetd-life of a project
with longterm benefits®

1 use this value to calculate FSI saved per amount (say R100 million)
invested

1 projects with the highest FSI saveper R100 million spent would produce
the best Safe System outcomes.

This approach, however, is very dependent on reliable data on casualty accidents.

Monitoring and evaluation

Purpose

Monitoring is the systematic collection of data about the performanod road safety
treatments after their implementation. Evaluation is the statistical analysis of that
data to assess the extent to which the treatment (or a wider treatment program)
has met accident reduction objectives.

Postimplementation monitoring is esential to ascertain the positive and negative

effects of a treatment and thus improve the accuracy and confidence of predictions

of that treatment’'s effectiveness in sub
ensure that the public does not experience atitional hazards because of
treatments and this duty carries with it an implied need to monitor what happens

when a scheme is introduced.

The purposes of monitoring a treatment are to:

1 assess what changes have occurred in accident occurrence and whether
safety objectives have been met

1T assess the treat ment
of motor vehicles

1 call attention to any unintended effects on traffic movements or accident
occurrence

1 assess the effects of the treatment on the lodeenvironment

S Iimpact on the

4This *FSI dl hevdéferent for diffenere projects, e.g., intersection projects, road mid
block projects, etc. However, such a value determination is dependent on whether the
differentiation among these various project types would be possible in the available accidantd
accident cost data. Currently, it is not and an average cost per FSI of approximately R2.2 million,
based on the RTMC unit costs of accidents (RTMC, 2016), CPI adjusted for 2018, could be applied
across all types of projects as an interim measure.

5 A rough calculation is to multiply the annual savings by 11 for a project wholdife of 20 years at
a discount rate of 6 per cent.
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T learn of the public’s response to
and any concerns about safety.
There are three important tasks to monitoring and evaluation:

. Pay careful attention to a site immediately after treatment in caghings go terribly
wrong.

. Assess the effects over a longer time period, say three years, to attempt to
determine the influence of the treatment on accidents or other performance
measures. This requires careful statistical analysis, correcting for exterfattors
(Section8.2.1) and bearing in mind that accident frequencies may be so low that
any observed changes in accidents may not Istatistically significant.

. Focus, over this longer time period, upon the accident types which the treatment
was intended to correct and assess whether these have declined.

Monitoring and evaluation are only meaningful if there has been a clear statement
of the objectives of the treatment, a prediction of its effects and a logical link
between the treatment and its effects. Monitoring reinforces the rigour that should
apply to all accident investigation and prevention work. It is important to plan for
monitoring and evaluation before a treatment is implemented, to ensure that
adequate data is collected, and objectives are set.

Performance indicators may relate not only to accidents, but also to other changes
which may follow the treatment. There are suggestis that road safety schemes
potentially affect the following parameters and so some or all of them may need to
be monitored:

1 the number and type of accidents
the severity of accidents
the distribution of accidents over the road network
traffic flows and travel times
turning movements and delays at intersections
access times and distances within residential areas
routes taken by motorists, cyclists and pedestrians

1 operations of buses and heavy vehicles.
A comprehensive monitoring exercise should ideally inde all these effects, since
without a knowledge of what has happened to (say) traffic volumes, information
about what has happened to accidents may be misleading or meaningless.
Consideration should also be given to changing road environments (e.g., new
commercial activity) and accident migration, particularly where there have been
changes in traffic flows.

=4 =4 4 A4 -4 -

Because accidents are comparatively rare events, it may take an exceptionally long
time for a statistically reliable sample to accrue. This can be peity overcome
using proxy measures such as traffic conflicts or indirect measures such as media
monitoring, insurance company claims records, emergency service records (e.g.,
ambulance, hospital admissions) or tow truck records if they are available for
before and after periods.
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Historically, resources devoted to monitoring in most road authorities are limited.
The inclination is to direct resources into the development and implementation of
schemes which have been prioritised and shown to have a potentfat accident

reduction, rather than into monitoring exercises. Therefore, it needs to be
acknowledged that, without widespread evaluation, understanding of the safety
effectiveness of road safety engineering treatments (and other road safety

measures fort hat matter ) wi | | remain | imited.

level of safety built into roads is largely unpremeditated. Standards and practices
have evolved without a foundation of knowledge. At times, the safety consequences
of engineering decisias are not known, at others some knowledge exists but is not

used. "’

Monitoring and evaluation methods

The essence of monitoring is to measure what is happening in the real world and
then, in an evaluation phase, to attempt to compare that with what is exged
would have happened if the treatment had not been introduced. There are several
experimental design challenges when this is attemptédit is necessary to take the
numerous factors explicitly into account in the evaluation of road safety treatments
or programs. This can be done by:

1 before and after studies, and
1 comparisons using control sites.
Statistical analysis

Statistical analysis is required to evaluate the effectiveness of accident location
treatments. These guidelines commenced bgefining an accident location (or
accident location) as a location where a limited range of accident types occurs
repeatedly, suggesting that there are common causes, rather than the accidents
being the result of mere chance. In evaluating the effectivene®f an individual
accident location treatment or a treatment program, the aim is to establish whether
a drop in the number of accidents should be attributed to the treatment or to
chance alone.

Statistical analysis is a complex though important subject.i$ beyond the scope of
this TRH29. The best available reference is Council et al. (1980). Others are OECD
(1981) and Miller (1983). The topic is also discussed in Ogden (1996) and RoSPA
(2002) which both include worked examples. Bear in mind that the texit and

6 The Austroads Guide to Road Safety, Part 2: Safe Roads is a good resource to consult (Austroads,
2021).
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accuracy of data which are available to the practitioner are such that sophisticated
analyses are not possible.

The three main applications of statistical testing in the road safety engineering area
are:

1 comparison of accident frequencies, for wbh a chisquared test is
suitable, or a paired #est if the distribution of accidents can be assumed
to follow a normal distribution

1 comparison of accident rates, for which a pairedtést is suitable

1 comparison of proportions, for which a-test is suitable.

In all statistical analysis of accident reductions, the 95% confidence level should
be applied (i.e., an effect should not be claimed as statistically significant unless it
is achieved at this confidence level).

If a more comprehensive analysis is tbe conducted and the data exist to support
it, there is a wide range of statistical techniques which can be brought to bear.

Issues for consideration
Planning before treatment for monitoring afterwards

Monitoring and evaluation are tasks which typically oar after a remedial
treatment is implemented. As they involve a comparison of circumstances before
and after treatment, it is essential that monitoring is considered at this early stage.
What data should be collected now (before) and over what period albahe
performance of the particular road location so that meaningful and valid
comparisons may be made with data collected after treatment has occurred? The
period of review is important to ensure that the data considered is representative.

Performance indcators which will need to be monitored and measured may relate
not only to accidents, but also to other changes which may follow the treatment.

A comprehensive monitoring exercise should ideally include all these effects, since
without a knowledge of whahas happened to (say) traffic volumes, information
about what has happened to accidents may be misleading or meaningless.

Threats to the validity of evaluation

There are some factors outside the time period or location being assessed which
may affect the calculations of treatment effectiveness at the location. To ensure
that the findings of an evaluation are valid, these effects need to be accounted for.
Not accounting for each of these factors will have the effect of increasing the
calculated value of gaas from an accident location treatment program, with the
consequence that invalid conclusions may be drawn.

Changes in traffic flows

Accident rates can be affected by changes in traffic flows, with increases occurring
with greater flows, and reducing witlliminished flows. These changes may result
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directly from the treatment, or for reasons unrelated to the treatment. These
increases or decreases may not happen in a linear manner.

General trends in the number of accidents

Consideration should be given to geeral trends in accidents. For example, there
may be a general trend of reduced numbers of accidents in the region due to
general factors such as safer cars, legislative changes, general road improvements
or rising fuel prices. These general changes can laecounted for by inclusion of
similar “control sites.

Regressionrto-the-mean

Over a period of years, if there are no changes in the physical or traffic
characteristics at a site, accidents at that site per unit of time (e.g., annually) will
tend to fluctuate (due to the random nature of accident occurrence) about a mean
value. Because sites are commonly selected for treatment based on their ranking
in numbers of accidents compared with all other sites, there is a high possibility
that sites will be ciosen when their accident count is higher than the lorgrm
average. In this case, even without treatment, the accident rate at these sites is
likely to reduce (i.e., it will regress to the mean) in the following year.

This aspect of accident experiencesi a matter of concern in the post
implementation evaluation of a safety treatment because, to the extent that the
phenomenon is present, the impact of the treatment will be exaggerated. This is
thus a matter that will require particular attention togethemith issues about
accounting for this random variation (the nature of the beast) as well as estimating
the true underlying accident rate.

Other possible methodological issues

There is a reasonable degree of acceptance that the above factors should be
accounted for when conducting evaluations of accident location treatments. In
addition, there are other factors, about which there is no conclusive evidence and
for which there is no general acceptance. The effect of accounting for each of these
factors (were hey to be shown to be real) would be to diminish the value of gains
from accident location treatment programs. The two factors are accident migration
and risk compensation, and they are included here to provide an understanding of
the terms.

Accident migrdion

The hypothesis with accident migration is that accidents may increase at sites
surrounding the treated site due to chang
assessment of risk. There is some evidence that the phenomenon exists, but none
regarding the degree to which it has an effect.

Boyle and Wright (1984) found in a sample of sites in London that accidents at the
treated sites fell by 22% but accidents in the surrounding streets increased by 10%.
Their work did not account for regressicto-the-mean and Maher (1987) has
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suggested that accident migration is generated by a combination of regression
the-mean downward of the high accident numbers at the treated sites and
regressionto-the-mean upward of the low accident numbers at the surroundin
sites. Indeed, Maher (1987) showed that using adjacent or nearby sites as control
sites leads to bias in the evaluation results.

This raises the issue of driver expectation and the need to provide drivers with
consistent treatment of similar situationswhen treating a location, it is important
to consider what drivers might expect at other similar locations further along the
road. If the physical arrangement at those other locations is incapable of matching
their expectations, then some form of treatmentt those locations should be
considered.

Not all the effects hypothesised as being due to accident migration can be
explained in terms of regressiofo-the-mean, but at this stage any review of
accident risk migration would require significant investmeniThere are several
treatments where accident migration may occur, particularly as a result of changes
in traffic volume. It makes intuitive sense that the installation of a treatment that
changes traffic flow may have an influence on safety, although treffect could be
negative, neutral or positive. As an example, if traffic calming is installed on a local
road, some through traffic will be deterred from using this route. If traffic is
redirected to a higher quality road, the net effect on safety might ban
improvement. However, if traffic now uses an alternative route that is less safe than
the route originally taken, then the net effect on safety may be negative.

Risk compensation

Risk compensation theory postulates that at any given time there will bdevel of
risk that an individual will tolerate or seek. If a safety measure reduces the potential
for harm in one way, a person will compensate for that by increasing risk in another
way, such as:

1 a motorist provided with an enhanced braking system mighise the
benefit to drive faster or brake later, resulting in accidents of higher
severity

9 amotorist wearing a seat belt might feel safer and drive in a manner which
places pedestrians more in danger.

In the area of road safety, risk compensation theoryptulates that safety benefits
tend to be consumed as performance benefits, risk is redistributed to other
locations (accident migration) and risk is redistributed to more vulnerable groups
of road users.

Risk can be described as either objective risk (aseasured for example in accident
studies) or as perceived or subjective risk (which is what affects behaviour). It is
only where a treatment results in a reduction in both objective and subjective risk
that risk compensation would, logically, become a famt, since in other cases there
is either no change in the subjective risk, or an increase in it (a treatment would not
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be implemented which lowered subjective risk without also lowering objective risk).
However, provided that the reduction in objective Kss at least as great as the
reduction in subjective risk, the treatment will still produce a positive outcome
(Rumar, 1982). Wong and Nicholson (1992) for example, found that while vehicle
speeds increased after an improvement in road alignment, the ldgef side friction
demanded by drivers declined significantly, indicating that the level of safety had
indeed been increased by the realignment. They stated that the ultimate test of the
effect of the realignment is whether the actual margin of safety hasmproved, and
the results of this study show clearly that it has. What risk compensation, if any,
has occurred has been insufficient to completely undermine the intended goal of
the realignments, namely a reduction in the likelihood of accidents at the res.

This carries with it the implication that any road design change which reduces the
subjective risk should also reduce objective risk to at least the same extent,
otherwise the road user will tend to respond inappropriately. In particular, care
should be taken in situations where sight distance is increased, since this will
possibly lead to an increase in approach speeds. If the geometry and/or traffic
control at the site does not support these higher speeds, it is possible that the
situation could bemme more, not less, hazardous. To put it in the words used
above, the subjective risk has been reduced to a greater extent than the objective
risk.

Structuring an accident location investigation report

The documentation prepared in earlier sectionseeds to be drawn together into a
report which sets out the accident patterns, their causes and proposed solutions.
If the documentation has not yet commenced, the following is a report structure
which covers the topics to include:

Cover
T title svuichenas l|l‘oxca@ad i on investigation
embraces a wider investigation, ‘acci
safety audit’ or other appropriate co

91 a brief description of where the location is (e.g., street name, local
authority area, kilometre marker post, GPS and map references)
1 the organisation for whom the investigation is being conducted and a list
of the investigation team members and affiliations
1 the name of the organisation in charge of the study
1 the date of the report (math and year).
Introduction

1 the organisation for whom the investigation is being conducted and a list
of the investigation team members and affiliations

1 a detailed description of where the location is (e.g., street name, local
authority area,kilometre post, GPS and map references)
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1 an aerial view of the accident location (e.g., from Google Earth), showing
the location and direction of photos
1 reference to any previous accident reports and their outcomes
91 a description of the location (e.g., roadjeometry, environment, speed
limit, volumes), including roadworks (if any) within the period of accidents
being analysed.
Data analysis

1 an accident listing (showing the basic details of each accident):
- location, distance
- time
- day of week
- date (day, monthyear)
- accident type
- direction of approach of Vehicle 1
- severity
- road surface (wet/dry)
- light condition (light/dark/dusk or dawn)
- traffic control.
1 a summary, for all accidents, of characteristics not in the factor matrix,

e.g.:

total number of reported acalents and severities
year of the accident
period of week (i.e., weekday or weekend).
1 the estimated cost of accidents for each separate accident type grouping
in a table
1 a factor matrix showing the number of accidents by the following factors:
- accident type
- direction of approach of Vehicle 1
- vehicle types involved
- road surface (wet/dry)
- light condition (light/dark/dusk or dawn)
- any other common factors identified (alcohol, fatigue, roadside
objects, driver age etc.)
1 an accident diagram, togethewith a copy of the accident type table being
used
1 a summary of common factors in the accidents, deduced from the above
1 measures previously implemented and their effectiveness.
Contributing accident factors- deduced from the data analysis and site inspé&ion

I conclusions about the road environment factors which have contributed
to the particular accident groups for which there are common factors.
These are the accident causes which are addressed in the next section.
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These factors could be structured basedn the Safe System pillars to
focus investigation and analysis

1 any identified vehicle or human behaviour factors.
Accident countermeasures

1 a list of the proposed treatments which are designed to counter the

identified accident causes (with mention made ahd which treatment is
aimed at which problem). These treatments could be structured based on
the Safe System pillars

other safety problems warranting treatment: a section about minor items
identified onsite which can be improved by very leeost measures

a plan of the preliminary design of the countermeasures

this section may put forward two options with different costs and different
effects on accident reduction.

Economic appraisal

1 the cost of the accidents by accident type

1 the effect on accident types epected (e.g., using AMFs) and the
consequent benefits in accident reduction. This should be clearly
tabulated, so that evaluation can take place at a later date

1 other benefits

1 the cost of design and construction of the proposed treatment

1 the net present vdue and benefit/cost ratio.

Appendices
1 photographs of the site, relevant to the accident factors.
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Appendix V1A: Example of accident and fatality rate by type of road

Example: Oregon State Highway System accident rates by urban and rural areas and functional
classification (Dixon, 2011; updated to 2019 from
https://www.oregon.gov/odot/Data/Documents/Crash_Rate_Tables 2019.pdf)

2019 Crash Rates by Jurisdiction and Functional Classification

JURISDICTION AND ANNUAL FATALI- | CRASH | FATALITY
FUNCTIONAL CLASSIFICATION MILES |VEHICLEMILES |CRASHES TIES RATE® RATE®
TOTAL STATE HWY SYSTEM 7,373.61 | 21,862,221,048 20,539 261 0.94 1.19

Interstate Freeways 729.57 9,877,209,520 4,661 33 0.47 0.33
Other Fwys/Expressways 66.88 1.511,635,455 1.217 6 0.81 0.40
Non-Freeways (combined) 6,577.16 | 10.473.376,073 14,661 222 1.40 2.12

Other Principal Arterials 3,255.81 8,100,905,714 11,349 154 1.40 1.90

Minor Arterials 1.963.64 1,989,245,556 2,795 53 1.41 2.66

Urban Collectors 48.03 61,427,165 104 1 1.69 1.63

Rural Major Collectors 1.272.76 319,159,983 405 13 1.27 4.07

Rural Minor Collectors 34.03 2,521,475 8 1 3.17 39.66

Rural Local 2.89 116,180 0 0 0.00 0.00
URBAN HWY SYSTEM 1,143.23 | 11,836,280,775 13,663 102 1.15 0.86

Interstate Freeways 234.35 5.789,730,010 3.229 20 0.56 0.35
Other Fwys/Expressways 66.88 1.511.635,455 1.217 6 0.81 0.40
Non-Freeways (combined) 842.00 4.534,915,310 9,217 76 2.03 1.68
Other Principal Artenals 614.77 3,888,206,811 7,975 67 2.05 1.72
Minor Arterials 179.20 585,281,334 1138 8 1.94 1.37

Urban Collectors 48.03 61.427.165 104 1 1.69 1.63

Urban Cities 628.51 7,785,042,552 10,582 50 1.36 0.64
Interstate Freeways 116.60 3,623,086,725 2,416 13 0.67 0.36
Other Fwys/Expressways 53.84 1,367.307,520 1,097 B 0.80 0.29
Non-Freeways (combined) 458.07 2,794 648,307 7,069 33 2.53 1.18

Other Principal Arterials 363.69 2,473,700,776 6,247 30 2.53 1.21
Minor Arterials 74.81 288,582,433 758 2 2.63 0.69

Urban Collectors 19.57 32,365,098 64 1 1.98 3.09

Urban Fringe 514.72 4,051,238,223 3,081 52 0.76 1.28
Interstate Freeways 117.75 2,166,643,285 813 7 0.38 0.32
Other Fwys/Expressways 13.04 144,327,935 120 2 0.83 1.39
Non-Freeways (combined) 383.93 1.740,267,003 2,148 43 1.23 247

Other Principal Artenials 251.08 1,414,506,035 1,728 37 1.22 2.62
Minor Arterials 104.39 206,698,901 380 6 1.28 2.02

Urban Collectors 28.46 23,062,067 40 0 1.38 0.00

RURAL HWY SYSTEM 6,230.38 | 10,025,940,273 6,876 159 0.69 1.59
Interstate Freaways 405.22 4,087,479,510 1,432 13 0.35 032
Non-Freeways (combined) 5,735.16 5,938,460,763 5,444 146 0.92 2.46

Other Principal Artenals 2,641.04 4,212,698,903 3,374 87 0.80 2.07
Minor Arterials 1,784.44 1.403,964,222 1.657 45 1.18 3.21

Rural Major Collectors 1.272.76 319,159,983 405 13 1.27 4.07

Rural Minor Collectors 34.03 2,521,475 8 1 3.17 39.66

Rural Local 2.89 116,180 0 0 0.00 0.00
Rural Cities 166.93 318,628,355 367 2 1.15 0.63

Interstate Freeways 11.63 83,928,830 23 0 0.27 0.00
Non-Freeways (combined) 155.30 234,609,525 344 2 1.47 0.85
Other Principal Arterials 89.43 172,135,832 233 2 1.35 1.16
Minor Arterials 39.03 52,893,767 93 0 1.76 0.00
Rural Major Collectors 25.65 9,615,541 18 0 1.87 0.00
Rural Minor Collectors 0.29 54,385 0 0 0.00 0.00
Rural Areas 6,063.45 9,707,311,918 6,509 157 0.67 1.62
Interstate Freeways 483.59 4,003,550,680 1,400 13 0.35 0.32
Non-Freeways (combined) 5,579.86 5,703,761,238 5,100 144 0.89 2.52
Other Principal Arterials 2,551.61 4,040,563.071 3141 85 0.78 2.10
Minor Arterials 1,744.51 1.351,070,455 1,564 45 1.16 3.33
Rural Major Collectors 1.247.11 300,544,442 387 13 1.25 4.20
Rural Minor Collectors 33.74 2,467,090 8 1 3.24 40.53
Rural Local 2.89 116,180 0 0 0.00 0.00

* Crash Rate Formuia: (crashes*1,000,000)/VMT; Fataiity Rate Farmula: (fatalities™100,000,000/VMT

2019 Fatal & Serious Injury Highway Crash Rates and Casualty Rates
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FATAL & DEATHS | FATALE | FATAL &
JURISDICTION SERIOUS AMND [ NEEY IFL-A
AMND FUMCTIONAL AMMLUAL INJURY (INJ-A)] SERIOUS | CRASH |CASUALTY

CLASSIFICATION MILES" VEHICLE MILES" CRASHES" INJURIES"] RATE™ RATE™
TOTAL STATE HWY SYSTEM T,AT3.61] 21,862 221,048 589 1,144 4 52 522
Interstate Freeways T28.57 9,.877.208,520 142 158 144 1.61
Other Pwys/Expressways 06.88 1.511.635455 248 30 1.72 1.88
Mon-Freeways (combined) 8.577.16 10,473,378,073 a21 Ba2 7.4 B0
Other Principal Arterials 3.2656.81 8,100,2905,714 588 678 T.27 B34
Minor Arterials 1.883.64 1,988,245,5568 185 223 B30 11.21
Urban Colleciors 48.03 81,427,165 5 i B.14 B.I7T
Rural Major Collectors 1.272.76 318,158,883 a8 44 12.22 13.789
Rural Minor Collectors 3403 2521475 3 3 118.898 118.98
Rural Local 2.80 118,180 v Ju] 0.00 0.00
URBAN HWY SYSTEM 1,143.23] 11,836 280,775 473 528 4.00 4.46
Interstate Freeways 234 .35 5,788, 730,010 a2 gt 1.42 1.57
Other Pwys/Expressways 06.88 1.511.635455 248 30 1.72 1.88
MNon-Freeways (combined) 242.00 4 534 915,310 385 407 B.05 B.a7
Other Principal Arterials G14.77 3,888.208,811 311 342 B.0D 880
Minor Arterals 178.20 585,281,334 48 58 B.37 10.08
Urban Caollectors 48.03 81.427,165 5 [a] B.14 B.77
Urban Cities 528.51 T, 785042 552 284 314 3.65 4.03
Interstate Freeways 1168.80 3,823,0808,725 51 1] 1.41 1.60
Oither Pwys/Expressways 53.84 1,387,307,520 23 el 1.68 1.80
MNon-Freeways (combined) 458.07 2,754 548,307 210 230 T.51 B.23
Other Principal Arterials 3683.69 2473.700,776 183 188 740 8.00
Minor Arterials T4.81 288,582,433 24 24 8.3z 10.05
Urban Caollectors 18.57 32,365,098 3 3 B.27 B.27
Urban Fringe 514.72 4,051,238 223 189 214 467 5.28
Interstate Freeways 117.75 2.,186.643,285 K3 33 1.43 1.52
Oither Pwys/Expressways 13.04 144 327,835 3 4 2.08 277
MNon-Freeways (combined) 383.83 1.740,287,003 1556 177 B.81 1017
Other Principal Arterials 251.08 1.414.508,035 iza 144 B.05 10.18
Minor Arterals 104.39 206,698,801 25 30 B.43 10.11
Urban Collectors ZE 46 28,062,067 2 3 6.288 10.32
RURAL HWY S5YSTEM 6,230 38] 10,025 540273 516 613 515 611
Imterstate Freeways 48522 4,087 479,510 G0 1] 147 1.66G
MNon-Freeways (combined) 5.735.16 5,838, 480,763 458 R45 T.68 B.18
Other Principal Arterials 2,541.04 4,212,688,903 278 334 §.60 783
Minor Arterials 1.784.44 1,403,964,222 138 184 B.Eg 11.68
Rural Major Collectors 1. 27276 318,158,883 a8 44 12.22 13.79
Rural Minor Collectors 3403 2521475 3 3 118.88 118.88
Rural Local 289 118,180 0 [u] 0.00 0.00
Rural Cities 166.93 318,628,355 23 24 T.22 7.53
Interstate Freeways 11.63 83,928,830 o [u 0.00 0.00
MNon-Freeways (combined) 1685.30 234 600,625 23 24 B.20 10.23
Other Principal Arterials a8.43 172,135,832 A 22 12.20 12.78
Minor Arterials 3883 52,893,767 1 1 1.88 1.89
Rural Major Collectors 25 .65 B.615,541 1 10.40 1040
Rural Minar Collectors 0.28 54,385 o (] 0.00 0.0
Rural Areas 6,063.45 5. 707,311,518 433 583 5.08 6.07
Interstate Freeways 483 540 4 003,550,680 &0 it] 1.50 1.70
MNon-Freeways (combined) 5.570.86 5,703.7681,238 433 h21 T.58 B.13
Other Principal Arterials 2.551.81 4,040.583,071 257 312 .38 772
Minor Arterials 1.744.51 1,351.070,455 1356 1683 B.2g 12.06
Rural Major Collectors 1.247.11 308,544 442 348 43 12.28 13.89
Rural Minor Collectors 33.74 2,487,090 3 3 121.60 121.60
Rural Local 289 118,180 0 [u] 0.00 0.00

* Crazh Rafe Formula: (crashes* 100 Milion)l VMT: *Casually Rafe Formuwla: ({fafaities+oenous injuriez]* 100 Million VT
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Appendix V1B: Reminder list

Experience has shown that whilstxceptionally long checklists can appear to be thorough,
the use of such lists is problemati¢African Development Bank (b), 2014)

1 No list can ever be truly comprehensive
No list can anticipate all of the uniquescenarios that might be present at a site and
reliance on a detailed list can result in safety risks being undiagnosed (i.e., those which
are present at a site, but which do not appear in the reminder list).

1 Some people can be over reliant on checklists
There is a risk that checking against a long list of reminders will be used as a substitute
for the exercise of expertise and creative assessment.

1 Long lists often tend to be very poorly used in practice
Many people are deterred by lists which seem overwheirg, and which include many
comments which are not relevant to the road which is being considered.

For these reasons, the following reminders have been designed to be manageable lists of
highdevel pointers which should help guide the RS Assessment Teansere that all the
necessary general issues and aspects of a road are considered.

Two sets of reminder lists have been developed:

1 The first set (B1) are high level road safety issues
1 The second set (B2) is a higlevel list of physical road elements that
should be examined during the site visit
The reminders are an Aide Memaoire only to ensure all items are considered by Assessment
Teams and they should not be used as “tick |

B1 High level reminders Road safety issues
The auditor needs to begin by caidering some higHevel issues at each stage.

1 Road function and context:
1 Type of scheme and suitability for function of the road (residential/local
road, collector, distributor etc.)

1 Type of scheme and suitability for traffic flow and mix

1 Character and sale of scheme in relation to adjacent route/network

1 Impact on traffic flows, speeds and surrounding road network

1 Linkages with other roads

1 Consistency with nearby roads

1 Location of scheme (could safety be improved through -i@cation/re-
alignment?)

1 Controk for adjacent roadside or ribbon development

1 Control of turning movements

1 Future development of road and adjacent towns/villages etc.

1 Existing traffic generators
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1 Construction stages/order
9 Provision of facilities for ALL road users:
1 Mix of road usersand vehicle types expected and variation in these:
A Buses
Trams
Trucks
Agricultural equipment/vehicles
Minibuses
Maintenance vehicles
Emergency services
Cars
Carts
Motorcyclists
Pedal Cyclists
Pedestrians
Animals
Special road users (e.g., mobility or visugl impaired, older or
younger road users etc.)
Facilities for each road user group
Facilities for schools
Rest stops/laybys
Public transport facilities (and suitability fopedestrians)
Forgiving passively safe infrastructure:
Survivability of:
A Headon crashes
A Runoff crashes
A Crashes at intersections (including visibility/sight distances)
A Crashes involving Vulnerable Road
motorcyclist, cyclists, public transport users and roaglde vendors.
1 Management of vehiclespeeds:
1 Speed limit appropriate for road function
1 Speed limit credible/likely to be obeyed (impression of road, general levels
of compliance)
1 Speed limit safe
1 Temporary speed limits during construction
1 Consistency and road readability:
Surprising elementsof the road
Consistency of design
Advance warning of hazards
Readability of road
Information/guidance/signing
Control of movements through intersections

D DD DD D> D

= =4 4 4 4 4
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B2 High level reminder list Physical road elements to consider during the site inspection

The followng list is of physical road elements that should be examined whilst reviewing
plans and during the site inspection. Not all items will be relevant at all stages. The list is
deliberately nonexhaustive and high level so that it does not limit the RS Assessnt

Team’

considerations.

1 Adjacent to the road:

T

= =4 4 4 A

Terrain

Development density/type

Generators of road users/desire lines etc.
Rest areas and laybys

Interfacing roads/similar nearby roads
Distracting advertisements

i Roadside:

T
T

= =

= 4 4 A

T

Clear zone/ obstacleqtrees, signs, lighting columns, culverts etc.)
Vegetation/trees likely to obscure signage or become an obstacle when they
grow

Guard rail (adequacy, necessity, safe installation/terminals, safe for
different road user groups)

Shoulders/recovery area, cuthg slopes

Parking provision (including generation of slemoving vehicles and
presence of pedestrians)

and loading facilities

Drainage

Buried services

Signing: Clear and understandable for all road users; visible in the day and
at night; visible under

different weather conditions (e.g., heavy rain, fog, sand storm); no shadows;
unobstructed (include

consideration of vegetation growth and maintenance); height and size of
signs

Fencing for animals and pedestrians

1 Median:

T
T

]

Type of median treatment

Barrier typeif applicable (adequacy, necessity, safe installation/terminals,
safe for different

road user groups)

Width of median and obstacles (trees, signs, lighting columns, culverts etc.)
Signing: Clear and understandable for all road users; visible in the daydan
at night; visible
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under different weather conditions (e.g., heavy rain, fog, sandstorm); no
shadows; unobstructed (include consideration of vegetation growth and
maintenance); height and size of signs

Vegetation/trees likely to obscure signage or beconaa obstacle when they
grow

1 Roadway:

T
T
T

E N

= =4 4 A

= =4 -4 4

Lane widths and number of lanes

Provision for/restriction of overtaking

Road surface: smooth and free of debris/mud/gravel; durability and
maintenance; cross fall/

super-elevation; antiskid high frictionsurfacing where required

Gradient

Horizontal alignment: Consistency of bends, warning signs/treatments, anti
skid high friction

surfacing, camber, clear zones/guard rail

Vertical alignment: Dips/humps and visibility

Forward visibility: Sight and stoppingistances

Markings: Clear and understandable for all road users; visible in the day and
at night; visible

under different weather conditions (e.g., heavy rain, fog, sand storm)
Lighting

Transitions

Overhead services (clearances)

M Intersections and accesses:

T

T

M

Intersections:
Type of intersection appropriateness for road type/speed
Spacing and frequency
Sightlines
Readability/clarity for road users
Signing and markings
Antiskid high friction surfacing
Provision for VRUs
Lighting
Accesses, laybys and rest aresa
A Appropriateness for road type/speed
A Spacing and frequency
A Sightlines
A Provision for VRUs
Roundabouts:
A Alignment and deflection on approaches
A Visibility of roundabout and traffic islands
A Obstacle free zone in central island

D> D D D> D >
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A VRU provision
1 Signalised intersections:
A Visibility of intersection
Visibility of signal lanterns (day/night and sunrise/sunset)
Sight lines
Stopping distances from back of queue
VRU provision
Phasing sequences
Turning phases
Location of signal posts/control boxes (obstdes)
1 Facilities for VRUs:
1 Clear, continuous and unobstructed footpaths and crossing points
Desire lines and VRU generators near to the road
Prevention of access to unsuitable roads
Crossing wait times, crossing times and lengths
Reduced vehicle speeds
Aceessible for those with mobility impairment or prams/pushchairs
Visibility
1 Other considerations:
1 Weather (adverse weather conditions that may have an impact on safety
e.g., heavy rain, sand, fog etc.)
1 Special events/seasonal attractions
9 Provision for
A Maintenance and maintenance vehicles
A Large/heavy vehicles (e.g., swept paths, turning circles, lane widths)
A Enforcement/emergency services
A Agricultural/stock movements
1 Temporary traffic management:
1 Clear and unambiguous path for vehicles in daytime and might
1 Clear and accurate advance signing visible (sign sizes) in daytime and at
night
Merges signed and good length
Clear tapers and temporary markings
Clear and safe path for VRUs
Work area clearly defined, safety buffers in place
Removal/covering of permanent signs/markings
Lane widths
Barriers separating work area and traffic
Road surface clear of mud/grave/debris etc.
Temporary speed limit and enforcement
Controlled site entrances/exits
Flagmen located safely if used

> > D> D> >
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91 Order of phases of construction safe
1 Temporary traffic signals signed and stopping distances
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PREFACE

TRH 29 consists of three mutually supporting volumes related to successive
investigation and diagnostic practices to improve road safety on the South African
road network. These volumes are:

1 Volume 1: Network Screening

1 Volume 2: Road Safety Assessment

1 Volume 3 Road Safety Audit
The South African National Road Safe8trategy 20162030 (NRSS) accepted the
vision of “Safe and Secure Roads’”. Sout h
reduction of an unacceptable global road safety problem that claims the lives of
some 1,3 million people annually. NRSS aims to addressdiproblem on a national
scale across different subject areas. This document will fall under the Safer Roads
and Mobility theme ndDecatlehoéActidmfortRead Safetyt i ons
2021-2030. One of the strategic themes adopted for achieving SafRwoads is the
implementation of a Road Safety Audit Programme on new and upgrade road
infrastructure projects.
Volumes 1 and 2 of TRH 29 provides guidelines on applying curative methods for
the identification and improvement of hazardous locations, roadand routes. They
also provide proactive assessment methods for the identification and treatment of
road safety deficiencies.

Network ScreeningVolume 1) is a process for reviewing a transport or road traffic
network with the objective of identifying andanking sites from most likely to least
likely to realise a reduction in accident frequency with the implementation of
appropriate safety improvement measures.

Road Safety Assessmervolume 2) is a twdiered process, namely:

1) Network Level Assessment (NLA¥hich is a routine, programmed and
systematic field survey on existing roads to identify risk factors that can be
mitigated against to achieve enhanced safety, and

2) Road Safety Inspection (RPlis an expert assessment of the road
environment conducted in esponse to an identified road safety issue on a
section of the road network. RSI involves an expert anddepth review of
the safety of existing roads. Apart from identifying safety problems, the
assessment team should be looking out to identify and recanend viable
and costeffective measures which will improve safety.

Volume 3 provides guidelines on Road Safety Audia systematic assessment of
plans for new road schemes (including on existing roads), intended to ensure that
new roads have the lowest aainable accident potential across all kinds of road
users. The audit process aims to avoid future accidents by removing unsafe features
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before they are constructed and to build in safety features that will limit casualty
severity to the minimum feasibly pssible.

Road Safety Audiis a proactive road safety engineering tool based on the philosophy
that new road projects must have the highest achievable level of safety built into
them and that road authorities do not have to wait for the accumulation of seus
injury and fatal accidents statistics before positive steps can be taken to reduce the
risks of such. It plays a significant role in ensuring that the road environment is
forgiving, selfexplaining and providing for the needs of all road users whileibg
aligned with the principles of contemporary road safety management practices, e.g.,
the Safe System Approach.

Road safety audits may be conducted at all stages of the life cycle of a roads project
(from conception to the final constructed project angost the opening to traffic, and

on existing roads). Given that South Africa is currently in a process of road safety
audit capacity development, road authorities should endeavour to introduce road
safety audits at the earliest possible stage of specifiagjects - this will provide the
highest road safety return on such investment.

A road safety audit is conducted by a qualified and experienced road safety audit
team led by a road safety audit team leader recognised as a specialist road safety

engineer andaccredited as such by the Engineering Council of South Africa (ECSA).

The size of the road safety audit team is determined by the size, complexity, and the
stage(s) of the project to be audited. The road safety audit team will comprise a road
safety auditteam leader and at least one additional audit team member. The audit
team leader is the lead auditor that is responsible for compiling the road safety audit
report and representing t he audi t
department/project owner (the dient). The audit team members assist, collaborate,
and contribute to the road safety audit.

The successful implementation of the entire road safety audit process and the
implementation of the remedial measures recommended by the road safety audit
team woud make a meaningful contribution to ensure that road safety problems are
not repeatedly introduced on the road network.

It is our firm belief that the South African Road Safety Assessment Methods 2022
manual, (this TRH 29) would pave the way for our reantribution to meeting the
objectives of the NRSS and of the UNDO0A2.

tean
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ABBREVIATIONS
AADT Average Annual Daily Traffic
ABS AntitLock Braking System
ARF Accident Reduction Factors
ADT Average Daily Traffic
AfDB African Development Bank
AMF Accident Modification Factors
ANRAM Australian National Risk Assessment Model
AR Accident Report
BCR Benefit/Cost Ratio
CBA Cost Benefit Analysis
CE Cost Effectiveness
CHoCOF Culpable Homicide Crash Observation Report
COTO Committee of Transport Officials
CVv Coefficient of Variation
DCA Definitions For Classifying Accidents
EA Economic Appraisal
EAN Equivalent Accident Number
EB Empirical Bayes
ECSA Engineering Council of South Africa
EPDO Equivalent Property Damage Only
FSI Fatal and Serious Injury
FYRR First Year Rate of Returns
GIS Geographical Information System
GPS Global Positioning Systems
HCI High Income Counties
HSM Highway Safety Manual
IBCR Incremental Benefit Cost Ratio
JTRC Joint Transport Research Committee
iRAP International Road Assessment Programme
LoSS Level of service of safety
LMICs Low and middle-income countries
MVE Million Vehicles Entering
NLA Network Level Assessment
NPV Net Present Value
NRSS National Road Safety Strategy 2016 2030
OECD Organisation for Economic Cooperation and Development
PD Preliminary Design
PDO Property Damage Only

PVB

Present Value of Benefits
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Personal Protective Equipment

Road Asset Management System

Road Safety Audit

Road Traffic Management Corporation

Road Safety Inspection

Road Safety Investigation

vehiclekilometres travelled

Vehicles Per Day

Vulnerable Road Users
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VOLUME 2: NETWORK LEVEL ASSESSMENT AND ROAD SAFETY
INSPECTION

1 Road safety assessment context

1.1 Introduction

Curative, dataled techniques for identifying and treating accident locations on
existing roads are described in Volume 1: Network Screening

Volume 2 of SARSAM 2022 describes a twier process for the proactive
identification and treatment of safety detits through conducting Network Level
Assessment (NLA) and Road Safety Inspection (RSI). This TRH 29 Volume 2 relates
to the proactive inspection and treatment of existing roads.

Similar techniques can be proactively applied to new roads and schemes thgbu
Road Safety Audit. This is described in Volume 3: Road Safety Audits.

1.2 The proactive approach concept

Methods for identifying potential accident locations have evolved since the onset
of the epidemiological approach to road safety with the work of Hadd¢m980).
The Haddommatrix provided a compelling framework for understanding the origins
of injury problems- assisting with developing ideas for preventing accident injuries
of many types as opposed to dealing with the injured afterwards.

‘“ Pr o a c tsiandepprodclees dre extensively usedsome not relying on any
knowledge of accident locations to identify high risk locations. For example, road
safety audit of existing roads assesses risk, based on knowledge about the road
and roadside factors that cotribute to risk. Proactive tools and approaches are
thus important, as they can identify locations where there is a high risk of severe
accident outcomes, and to address these before serious injury does occur.

Importantly, proactive approaches can be pacilarly useful where accident data
are not yet available or where accident details including locational information are
not recorded. While this is the case, proactive approaches cannot replace good
guality accident data to provide the required evidence ba to direct road safety
policies, strategies and practices. Proactive tools should necessarily be used in the
process of ongoing efforts to improve the recording, quality and availability of
accident data whilst there are significant prevalent road safethallenges.

1.3 Ouitline of applicable proactive approaches

Proactive approaches are applied to assess the safety of the road network and to

identify deficits that can be treated to improve road safety standards. Often, it is

not feasible to conduct detailed eviews of all roads and it will also not be practical

to do so since any remedial work will only be implemented over an extended time
periodl eel t woocess’ would be thedeywlractic
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investigation deployed to identifyand list the risk priority road sections and, on
which a criteriabased prioritisation and selection procedure is applied to select
road sections (or sites) that will then be subject to a detailed level inspecti@iorld
Road Assoation, 2014), viz:

Network Level Assessment (NLA) is conducted across a sizeable proportion of the
road network every & years. NLAs are high level reviews of the road network, and
Road Safety Inspection (RSI) is more detailed and is conducted onde#hat have
been i dentified as ‘“high risk’” or that ha
Road networks are typically expanding or changing operationally due to
development or other socieeconomic factors. Depending on the type of road and
its environment, changes may be slow or rapied so would be the development of
any road safety problems. @y monitoring actions should take account of the
dynamics of the road network when NLAs or RSIs are planned and scheduled.
Typically, roads and corridors carrying the higher volumes of traffic and/or with
rapid changing operations will need to receive th@gher priority and require more
frequent inspection than those with the lower volumes and not much changing.
Road authorities, due to funding, resourcing, and other restrictions, need to
consider what would be the best monitoring and inspection regime tnsure
appropriate coverage of the road network and to maximise the efforts to
progressively remediate existing accident risk and preventing the development of
new risk situations.

In contrast to Road Safety Audits (RSA), NLAs and RSIs are specificafiicgile

on existing roads- as opposed to RSA that is done on new roads. With new roads,
the projects are defined and subjecting them to RSA is about ensuring binlt
safety, whilst NLA and RSI is about finding unsafety and treating it (Van Der Kooi,
1999). Also, unlike maintenance inspections, NLAs and RSIs aim to focus on the
intrinsic safety of the road rather than the identification of elements that require
maintenance.(Asian Development Bank, 2018)

The twalevel NLARSIprocess allows for the consideration of constraints in terms
of investigation capacity and budgetary requirements and for adjusting to make the
most efficient use of available skilled resources. The higével investigation— NLA

- is primarily a mechanisic data collection exercise that can be conducted by
trained staff who need not be experienced Road Safety Assessors. They could be
part of the general area maintenance teams who then prepare a summary report
for consideration by specialist staff experiersd in accident investigation or Road
Safety Audit to consider the findings and develop the detailed road safety
investment plan from a more detailed/specialised inspectionRSlI.

This TRH 29 guideline specifically relate to the Safe Roads pillar of theeSaystem.

The guideline is designed to help functionaries in road departments ensure that
road safety underpins the planning, design and management of their infrastructure
assets. This includes proactive and systematic approaches to reducing death and
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serious injury, and the reactive treatment of locations on the road system which
experience a ‘“high’ number of casualty
intersections, routes or road segments and areas of road network) are effectively
treated by applyinghe appropriate engineering solutions, the number and severity

of the accidents can be reduced or, preferably, eliminated.

Road safety inspection

Development of a road safety
investment programme

§7 Network level assessment i

Identification of intersections,
routes or road segments and areas
of road network to be assessed

Figurel-1: The twolevel proactive and systematic approach

Network level assessment
Network level assessment (NLA) is@oactive safety management tool that:

- comprises a routine, programmed and systematic field survey which is
conducted proactively on existing roads to identify risk factors and to achieve
enhanced safety

- results in a formal report detailing road hazards ahsafety issues supported
with videos and photographs

- is a standardised survey conducted to collect prescribed data relating to road
characteristics (road and environmental features) of existing roadsillowing
the identification of sections of road thatwarrant further road safety
assessment(Ogden, 1994)

The survey is not restricted to the consideration of road features (e.g., road

markings, signage, drainage, road restraint systems, etc.). Rather, during an NLA,
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information on the context of the road and surrounding development will also be

collected (e.g., road alignment, adjacent development etc.). The NLA also records
information relating to how different road users might perceive and use the road
(e.g., r e a elbelplainingh ¢ s a'n,d rmenot ony of sur o
choice, etc.) (African Development Bank (b), 2014)

With the characteristics of the road recorded, the information can be examined by
more specialist safety practitioners Wwo will develop a plan of high priority accident
locations where RSIs need to be conducte@World Road Association, 2014)
(African Development Bank (b), 2014)

When to do a NLAA NLA is a systematiprocess as a means to achieve desired
road safety results, e.g., the reduction of fatalities and serious injuries. NLA is a
necessary step to have a road safety investment programme that is effective and
thus it must be effective in identifying the best gportunities for effective remedial
measures and treatments to realise extraordinary results.

NLAs should ideally be conducted for each road section every three to five years
(Victoria Auditor General’'s Offices 2021
should be the maximum number of years between assessments. As a minimum the
NLA annual schedule should cover the busiest 10 per cent of the road network.
Preferably, all roads should be covered by a NLA schedule over a maximum number
of years (e.g., 5 gars), but if budget and resources are limited, a road department
may wish to prioritise the assessment of higher volume roads, roads of strategic
importance or roads that are known to be higher risk. Another way to prioritise the
NLA schedule is accordingp the road classification (see TRH 26). For example,
NLAs may be conducted every 3 years for roads Class 4 and higher, and every 5
years for roads Class 5 (and 6). However, the development activities (or change
dynamics) along roads or in an area shouloe a crucial factor in considering the
frequency at which specific roads should be subject to NLA.

In developing an NLA schedule, consideration should be given to:

1 Budget and availability of personnel

1 The type of roads (i.e., some roads may be particularsusceptible to
weathering or other forms of deterioration and it may be appropriate to
assess such roads more frequently)

1 Level of development (i.e., if there is slow but sustained development in an
area then the traffic situation may change sufficientlyapidly for more
frequent assessments to be necessary)

1 Planned road improvement schemes and scheduled road works (i.e., if the
road improvement scheme details have already been finalised and cannot
be changed then roads due to be replaced/significantly habilitated should
be avoided/if there is an opportunity to influence the scheme then they can
be included in the NLA schedule).
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1.5 Road safety inspection

The African Development Bank defines Road Safety Inspection (RSI) as an expert
assessment of theroad environment conducted in reaction to an identified road
safety issue on the road network. RSIs involve the expert anddiepth review of the
safety of existing roads. In addition to identifying safety problems, the inspection
team should attempt to icentify and recommend viable and costffective
measures which will improve.

RSIs are similar in many ways to Pe8tpening RSAs (see TRH 29, Volume 3, Part
A) which are typically conducted one year after a new road scheme has been
opened to use. Although tla inspection techniqgues and methodologies seem
similar, but there are significant differences between RSIs and RSAs and they
should not be confused with one another. SpecificallfPostOpening RSAs are
conducted on new roads, or new road improvements, asyp of the design and
construction process Roads that are subjected to RSA would therefore be expected
to conform to current design practices and standards. In contrasRSls are
conducted on roads which may have been operational for many yeaasd which
may have been designed in conformance to policies, design practices and
standards that prevailed at the timgAfrican Development Bank (b), 2014)

When to do RSIsProactive RSIs are conducted on intersections, routes mad
segments and areas of road network that have been identified as a high priority or
as with a potential to be effectively remediated (with meaningful results in terms of
reducing fatalities and severe injuries) through an initial NLA. RSIs thereforkoie

the NLA programme. The number of roads that are subjected to RSI in this way will
therefore depend on the available budget and number of personnel who are
suitably qualified to conduct the inspections.

1.6 Proactive approaches in the road system managemeprocess

The objective of Road Safety Management is to integrate and coordinate all road
safety activities such that a systematic approach is taken to reducing fatal and
serious injury throughout the projects
programmes need to provide an optimal balance between curative and proactive
strategies(World Road Association, 2014)

NLA and RSI are used, along with curative dd&d approaches, to manage the
safety of the existing road netork. The existing road network will typically pdate
contemporary or more recent road safety approaches and design standards (also
likely not conforming to Safe System principles)it is thus important that these
roads are assessed and treated to enserthey are as safe as they can be.
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* Post-opening
RSA
* Proactive
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Network level
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Figurel-2: Road system managementroad safety approaches throughout project
lifecycle

1.7 Proactive approaches and the safe system
1.7.1 Safe system in action

The Joint Transport Research Committee (JTRC) of the Organisatoc€onomic
Cooperation and Devel opment ( OECD) produ
Ambitious Road Safety Targets and the Saf
Safe System Approach (SSA) as one thatframes the way in which road safety is
managedand vVvi ewed, emphasising the importar
among stakeholders. It means addressing all elements of the transport system in

an integrated manner to ensure that the human is protected in the event of an

accident. The report designas that Safe System working is suitable for all

countries at differing levels of road safety performance, but that slight variations in

the interventions might be appropriate. Therefore, the road transport systems of
countries need to be developed to accomodate human error and take into
consideration the vulnerability of the human body. It recognises that even the most
law-abiding and careful humans will make errors. The challenge under a Safe

System is to manage the interaction between vehicles, travelegxs and roads to

not only reduce the number of accidents but, arguably more importantly, to ensure

that any accidents that occur do not result in death or serious injufdaumannet

al., 2021).
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The Safe System needs to ensure that
overall sense) are competent, alert and compliant with traffic laws. This is achieved
through roaduser education, managing the licensing of drivers, and acting against
those who break the rules. Once drivers enter the Safe System, there are three core
elements that need to work together to protect human life:

Safe vehicles: Vehicles that havéechnology that can help prevent accidents (for
example electronic stability control and Anliock Braking System (ABS) brakes) and
safety features that protect road users in the event of an accident (for example
airbags and seatbelts). This requires therpmotion of safety features to encourage
consumers and fleet operators to purchase safer vehicles.

Safe roads: Roads that are selxplaining and forgiving of mistakes to reduce the
risk of accidents occurring and to protect road users from fatal or ser®uinjury.
This requires roads and roadides to be designed and maintained to reduce the
risk and severity of accidents.

Safe speeds: Vehicles travel at speeds that suit the function and the level of safety
of the road to ensure that accident forces are k& below the limits where fatal or
serious injury results. This requires the setting of appropriate speed limits
supplemented by enforcement and education.

The SSA is also supported by effective road safety management and pastident
response. The Safe stem philosophy requires a shift in thinking away from
blaming the driver (or road users) for the mistakes they make. The Safe System
challenges those responsible for designing the road transport system to share the
responsibility to manage the interactio between road users, vehicles, travel
speeds and roads.

The importance of speed

At lower speeds, a driver will have greater opportunity to react and avoid an
accident. Speed also affects the severity of accidents. Higher speed accidents
involve more kineic energy (kinetic energy is proportional to the speed squared)
and the more energy that is dispersed in an accident, the more severe it tends to
be (International Traffic Safety Data and Analysis Group, 2018)

There are fourmain accident types that account for most fatal and serious injuries:

T Accidents involving vulnerable road

public transport users (or noAnotorised transport (NMT), roadide vendors
and motorcyclists.

1 Sideimpact accidents at intersections

Headon

1 Runoff

]

0oa
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Figure1-3: Survivable speeds according to Wramborg (2005)

Though other accident types do occur across the road network these are less likely
to have fatal or serious consequences. Wramborg (2005) useatdepth accident
data to plot collision speeds against fatality risk for three of the main accident

types.

As speed increases, the fatality risk increases very sharply for each of the accident
types. This leads to several guiding principles for survivatyii

1 Where conflicts between pedestrians and cars are possible, the speed
at which most will survive is 30 km/h this is represented by the red line
1 Where side impacts are possible at intersections (e.g., cross roads and
T-intersections), the speed at whils most will survive is 50 km/h- this is
represented by the green line
1 Where headon accidents are possible (e.g., where there is no median
separation), the speed at which most will survive is 70 km/hthis is
represented by the blue line
Similar researchon runoff accidents has been completed by Stigson (2009).
According to this work, a road -offsfcac onsi d
accidents if it has a:

1 Speed limit not higher than 50 km/h, or
i Safety zone of at least 4 metres and a speed litmot higher than 70
km/h, or
1 Safety zone of at least 10 metres and a speed limit higher than 70 km/h.
These principles are not necessarily speed limit suggestions, but a guide to
managing conflict points on a road network.
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1.7.3 Applying safe system principle® proactive approaches

Safer road design is a vital component of the SSA to improve road safety and to
ensure reductions in casualty numbers and severities. Central to the SSA is the
concept of “forgiving roads’ wway that new
accommodates human error and the frailty of the human body. The SSA promotes

the need to manage the energy that is exchanged in an accident impact, such that
accident forces are survivable.

For existing roads, the Wramborg (2005) and Stigson (20p9vork can be
translated into pertinent principles that can be considered during NLAs and RSIs:

1 Ifaroad has a posted speed limit (or better an operating speed) of more
than 30km/h and pedestrians or pedal cyclists are expected to use the
road, then facilties that separate them from traffic need to be provided

1 Ifthe road has a posted speed limit (or an operating speed) of more than
50km/h and has T-intersections or cross roads, then the type of
intersection provision needs to be reonsidered

1 If aroad has a speed limit of more than 70km/h and it is undivided,
measures should be taken to reduce the likelihood of a heawh accident
occurring

1 Road restraint systems need to be installed or clearance of roadle
obstacles needs to be conducted if thesenight threaten survivability of
run-off accidents.

The proactive approaches described in this TRH 29 are based on identifying road
sections where Safe System rules have been violated and therefore where there
are deficits that could result in fatal or seous injury should an accident occur.

The NLA methodology developed and described below, allows Safe System
principles to be checked for example it will be possible to screen a completed form
or NLA database to identify instances where there is medium loigh pedestrian
demand, no segregated pedestrian facilities and vehicle speeds/posted speed limit
are greater than 30km/h. Similarly for heaebn accidents it is possible to identify
road sections where vehicle speeds or speed limits are greater than 70kmihere
there is no median barrier or separation.

During a RSI, the expert team can also keep in mind Safe System principles and
the importance of speed and the mechanisms underlying typical accident types.
The reminder lists provided (Appendix A) will bebuide a team to take into
consideration Safe System concepts.

1.8 Benefits of proactive approaches

Where accident data are not available, it is particularly useful to use proactive
approaches to identify and treat high risk locations. Proactive approache&amly
just beginning to be formalised, and so there is not as much evidence on the
effectiveness of these techniques as would be desirabl@frican Development
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Bank (b), 2014) Although it is not easy to quantify the economizenefits of NLA
and RSI, there is compelling evidence that such inspections are highly cost
effective. Even saving one human life per year because of these activities would be
a significant benefit in relationship to the cos(Afrian Development Bank (b),
2014).

2 Institutionalisation of proactive approaches to road safety
management

2.1 Introduction

A proactive approach to road safety relates to the prevention of road safety
problems before they become a part of a pattern of crasitcurrence. The focus is
on the evolving "Science of Safety", that is, what is known about the specific safety
implications of road design and operations decisions. The proactive approach
applies this knowledge to the implementation of improvement plans axisting
roads to prevent accidents from happening or to limit the severity of the accident,
should it happen. Proactive approaches for existing roads are therefore conducted
to identify road safety deficits across the network before accidents accumulate
(African Development Bank (b), 2014).

A NLA is a proactive approach that involves a systematic review of an existing road
through in loco surveillance involving driver walkthrough techniques to identify
hazardous conditions, faults and deficiencies irhe road environment that may
lead to road user injury. When a highsk intersection, route. road segment or area
of road network has been identified through an NLA, a RSI can be conducted in
more detail to determine whether any of the physical deficiensi€letected through

a NLA can be treated. This approach can be conducted irrespective of the detall
and accuracy of accident data that are available. Clearly the accuracy of such data
will have a significant impact on assessing the cost effectiveness of aopoposed
intervention.

2.2 The application of Network Level Assessment and Road Safety Inspection

The operational road management systems that are established in road
departments (and those with concurrent functions) should be aligned with
contemporary and stategically directed road safety practices to facilitate the
effective introduction and continued application of proactive approaches. The
framework below assumes that NLAs and RSIs will be conducteéchouse (i.e., by
the road department/authority itself) Although it would be possible to procure
service provider technical assistance to complete NLAs or RSIs, it is preferable to
build the inhouse capacity, at least for the management thereof, to ensure
stewardship over the road network and to take ownergh of the road safety
problems, there mitigation and remediation.
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The following steps outline a process for ensuring that proactive approaches
become embedded within the national, provincial (or regional) and local
management processes for existing road mworks.

Step 1: Establish the regulatory basis for conducting proactive approaches

Road departments have a legal (constitutional) obligation to investigate and
improve road safety problems. NLA and RSI can be deployed to support this legal
responsibility. NLA and RSI responsibility should rest with the relevant road
department/authority for road safety and need to be institutionalised by the
cascading down of support from the highest political level (i.e., President/Minister
of Transport/Director General) and have clearly defined statutory accountability for
any actions or failures of the systems.

Step 2: Formalise protocols and procedures

The road department/authority needs to write and adopt a formal protocol or
procedure (i.e., policy) foconducting these proactive approaches (NLAs and RSIs)
for safety investigations on existing roads. This should include specification of:

1 The person or department with specific responsibility for investigation of
road safety issues. Although it may not abys be possible, the nature
and extent of the road safety problems in the country is such that there
needs to be a dedicated team of professionals whose focus is entirely
on safety issues. They need to be trained and provided with high quality
advice and echnical assistance until they gain experience.

1 The level of resources (financial and personnel) necessary to achieve a
focussed improvement in road safety. This will depend on the extent and
quality of the road network for which the road department is rpensible.

At a very minimum, there will need to be a team of two RS Assessors,
one of whom assumes the role of the
RS Inspectors can be engineers that would normally have other routine
duties.

1 Training and experience requements for inspectors and assessors.

1 The detailed process to be followed as set out in formally approved
manuals or guidelines. These documents should specify the approach to
be taken in the conducting of NLA and RSI.

1 Requirements for the level ofimprovement to be achieved and over what
period. This may be a numerical target for conducting safety
improvements on, for example, the worst 10% of the strategic or main
road network. Longer term casualty reduction targets that can be
associated with theimprovements can also be developed. Typically,
these would be in line with aspects of the NRSS or other imperatives set
through national and provincial mandates and policies.

1 Mechanisms for monitoring performance. These need to specify how
performance shoud be monitored and evaluated. Potential indicators may
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be linked to the NRSS or other requirements, e.g., Provincial Road
Maintenance Grant, Municipal Infrastructure Grant, etc.
Step 3: Identify personnel

Various personnel are required:

1 Manager to overseeplan and administrate the NLA and RSI schedule

1 Road Safety Inspectors to conduct NLA

1 Road Safety Assessors to conduct RSI
Requirements for each of these personnel and their responsibilities are described
in earlier sections.

Step 4: Identify a budget fothe treatment of existing roads

There is no point conducting NLAs and RSIs without the financial resources to
implement a planned programme of changes. Therefore, an annual budget needs
to be established for the treatment of road safety problems identifleon the
existing road network irrespective of how these have been identified.

Step 5: Train staff in accordance with the protocols/procedures in Step 1

It is not complicated to train staff to capture information about road characteristics
for NLAs. FORSIs, however, personnel need to gain relevant experience as well as
receive appropriate training. Candidate RS Assessors can gain experience through
active participation in the road safety assessment work, and it is essential that they
receive mentoring a&d for them to shadow experienced personnel until they have
reached the requirements specified earlier.

Step 6: Monitor and Review

Before implementing proposed treatments, it is necessary to assess their potential
impact to make a business case for investant. Information on the effectiveness
of treatments have been compiled from research conducted in various countries in
Europe and in the USA and Australia. Little is known about the true effectiveness of
the treatments under the different circumstances irBouth Africa (or generally in
Afrika). An understanding of local effectiveness will only be established if road
departments monitor and evaluate the performance of any measures
implemented. Road departments therefore need to introduce a system for
monitoring and reviewing (and reporting) the performance of any implemented NLA
or RSI recommendations. It will be especially important that necessary research
and development protocols be established to ensure that scientific methods are
applied, and that researbb work is published through peer reviewed
channels/platforms.

This can then be used progressively to identify the most appropriate safety
improvements to incorporate in revised design standards. This is particularly
important in any country where developnrg of the road network is occurring at a
fast pace and where research concerning road characteristics and their impact on
road safety outcomes is not available.
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3 Personnel, equipment and safety requirements

This Section provides an overview of the personnetquipment and safety
requirements relevant to NLA and RSI proactive approaches.

3.1 Team and personnel requirements

There has been rapid development around road safety management, particularly
since the onset of the United Nations Decade of Action fRoad Safety 2011—
2020 (UNDoA1). Many road departments are likely to experience that there are
currently a shortage of appropriately trained Assessors or qualified Inspectors, if
there are any incumbent functionaries at all. It is essential for long term
sustainability to provide opportunities for road safety functionaries to increase their
experience and skill base in this area.

Where possible, and under the supervision of an experienced and qualified team
leader, the inclusion of local road safety pradibners in the NLA team and RSI team
is to be encouraged. This will have the following benefits:

1 Increased capacity among local staff and a greater level of capacity to meet future
needs
T A better understanding of uUsdrioebasidut. r oad s a
Therefore, although some requirements (e.g., for RSI Team Leader) are stringent,
other roles require lesser experience in order that development of capability in the
country can be achieved.

3.1.1 Team composition

3.1.1.1 Network Level Assessment

There ae several personnel involved in a NLA:

The Manager

NLA Team comprising two Assessors
RSI Team

3.1.1.2 Road safety inspection

= -4 4

A RSI must be conducted by a team of qualified practitioners. The African
Development Bank recommend that:

- RSl teams need to include tworamore people

- atleast one Team Leader and one Team Member are essential.

One person alone will not be sufficient to identify all safety issues and it is therefore
essential that Inspection Teams are comprised of two or more people. Whereas an
individual may miss some issues or have a limited perspective, a second, third or
fourth individual may identify safety issues that the other team members have not
considered or may provide a different perspective on. To add to the capacity of a
team, the following ca be considered:
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- One of the team should be designated as the Inspection Team Leader. Other
members of the Team can have differing specialisms and, as such, bring a
fresh perspective to aspects of the assessment and their comments should
not be discounted. Every inspection can serve as a training exercise for
inexperienced team members and be an opportunity for all members of the
Assessment Team to gain more experience.

- Successful Inspectors need to be able to adopt the perspective of different
road user goups and imagine how they would be able to cope with the road
situation, anticipating for instance how easy it would be for the motorist to
make the right turn at an intersection or where a pedestrian would want to
cross the road.

- Itis essential to have &least one member of the Assessment Team (Leader,
Member, Observer or Specialist Advisor) with good local knowledge as this can
assist with understanding how the road is used by the local population and the
wider context of the site or road.

- Non engineenng specialists (e.g., Psychologists/Sociologists) can also help
ensure that the RSI deals comprehensively with issues such as road user
behaviour(African Development Bank (b), 2014)

The specialist skills and size of thénspection Team depends upon the type, size

and complexity of the accident location or road to be assessed. In addition, traffic

police, designers or other specialists (e.g., traffic signals engineers) may be
included if their distinctive perspectives wodladd value to the inspectior(African

Development Bank (b), 2014)

The following personnel may also be involved as required:

1 Police or accident data specialist

1 Specialist Advisors to deal with technical aspects such as traffsignal control,
traffic signs and markings, street lighting, vehicle restraint systems/barriers etc.

1 Specialist Advisors to deal with the needs of different road user groups, these
individuals may be specialists in these or a representative of the roadessgroup
(e.g., elderly, pedal cyclists, public transport operator, pedestrian)

1 Specialist Advisor in traffic behaviour.

3.1.2 Qualifications, Experience and Responsibility

3.1.2.1 Management
The purpose of the management requirement is to:

1 Provide leadership and suppdrto the approach
1 Oversee and facilitate each phase of the approach
1 Provide leadership and commitment for the implementation of the
outcome recommendations
The need for a formal steering committee, project management team, or a single
project manager willvary depending on the scale of inspection being conducted.
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For large scale or regional networks, it is suggested that a steering committee
should be established, whereas for small scale or individual inspections a single
manager is all that is required.

The Manager:

1 Manages and maintains a list of available inspectors, ensuring that there are
enough inspectors within the road authority and that they are available and
trained/retained as required

1 Assigns duties to assessors and inspectors and manages an NaAd RSI
schedule

1 Oversees the quality of NLAs and RSIs
The Manager will:

1 Commission and schedule NLAs and RSls

1 Develop the Assessment and Inspection Briefs including start and end points
for each road section to be assessed/inspected and determineptimum
conditions for the assessment/inspection to take place

1 Develop and issue Health and Safety Risk Assessments for Assessors and
Inspectors

1 Hold a database containing NLA data

1 Ensure the findings of the NLA are passed to the RSI Team for review

1 Work wth the RSI Team to make the business case for a proposed treatment
programme

This role may be fulfilled by one of the RSI Team.

3.1.2.2 Network level assessment team

On a national level there will need to be a pool of Inspectors (that can also act as
Road SafetyAuditors). Assessors for NLA need to be trained for the assessment
task — qualification and experience requirements are less stringent than for
Inspectors. It is recommended that one member of the NLA Team have some
experience as an Inspector. The RTMCadarrently in the process to facilitate the
accreditation and registration of persons that would want to provide services in the
capacity of road safety assessing, inspecting, and auditing. Once a road safety
programme to target the 2030 goal of reducing falities by 50 per cent is
established, it may be necessary to have Inspectors/Auditors in each province.
Inspectors may already be employed by the road departments as engineers (e.g.,
traffic management engineer or transport planner) and RSA/RSI/NLA magtjbe
one duty conducted as part of their role when required. Some experience with road
engineering is desirable.

The NLA Team need to be impartial, and primarily concerned with road safety and
there should be no conflict of interesf{African Development Bank (b), 2014)
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Composition

NLA Teams should comprise two trained Assessors. NLA is a monotonous task and
without regular breaks, Assessors will make errors and lose concentration. The
Assessors may take turns to drive andecord information about the road.
Alternatively, a separate driver may be designated. Even if a driver is provided, it is
still necessary to have two Inspectors.

One of the NLA Team should be designated as the Assessment Team Leader.
Although the Assessmiet Team Leader and Assessment Team Member will have

the same road safety assessment or inspection training, it will be the Team
Leader ' s responsibility t o organi se t he
requirements with the NLA Manager, including the sulission of the NLA Report.

Responsibilities
The NLA Team:

1 Discuss and liaise with the Manager about preparatior when to visit,
optimal site conditions, etc.
1 Conduct the Assessment in accordance with defined procedures put in
place by the road department
1 Report to/meet with the Manager and RSI Team
Training and Experience of the NLA Team

NLAs should only be conducted by persons who have received the relevant training
and have the experience described in this section. Unlike RSAs and RSIs, it is not
necessay for the Assessment Team to be specialist road safety engineers, but they
must have an understanding and knowledge of road safety principles and hazard
identification. It is therefore recommended that local practitioners are included as
part of the team.

Assessors need to be familiar with roads in general and with road infrastructure
issues associated with safety. They need to be aware of roads design and
maintenance issues to assist them with detecting potential road safety hazards.
However, they also nee to be able to view the road from the perspective of the
typical road user (vehicle drivers, motorcyclists, pedal cyclists and pedestrians) who
does not share their professional experience and knowledge.

Each Assessor mu s t h a v e e wotkingl withansttie rodd y e ar s
industry (roles could include traffic engineer, safety engineer, maintenance
engineer or transport planner). It is not necessary for the Assessment Team Leader

or Team Member to have differing levels of training or experiend@frican
Development Bank (b), 2014)

When a NLA is being introduced in a roads department, it is recommended that an
Assessment Team should initially be accompanied by an experienced Inspector or
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Road Safety Auditor to ensure thahe NLA Team is equipped and competent to
conduct this task(African Development Bank (b), 2014)

3.1.2.3 Road Safety Inspection Team

The RSI Team will examine the NLA Report and assess which sections require
further investigation though a RSI. They will then:

1 Conduct the RSI

1 Propose a treatment plan

1 Develop a business case for investment.
RSIs should only be conducted by persons who have received training and have
appropriate experience. At least one of the team must be an experiedcRoad
Safety Engineer. The success of a RSI depends to a very great extent on the skills,
abilities and experience of the Inspection Team. Selecting the right team is
essential. Some key criteria are:

- Competence in RSI comes through hands experience. Taining is helpful at
the start but is only a base upon which experience needs to be built.

- RSl is a highly skilled activity which requires an understanding of accident
causation, accident investigation (data analysis and incident reconstruction),
vehicle performance, road design and the interaction between the road user,
their vehicle and their environment.

- It is essential that the process is conducted by an impartial team who are
demonstrably independent of the road management section or division or any
other interested parties or stakeholders.

- The Inspection Team Leader, Members and Observers must meet the essential
experience and qualification requirements described in the table below.

Table3-1: RSI Team composition, experience and roles

The Inspection Team Leader has overall responsibility for carryi
out the Inspection, managing the Inspection Team and certifyif
the report.

Team Leader

The RSI Team Member reports to the Team Leader. They contrily
to the Inspection via the Teankeader. Ideally, they will have loce
experience/knowledge.

Team Member

A RSI Team Observer is, for many, the starting point of be
involved with RSI. As such, there needs to be a flexible approach
the requirements for knowledge and experience.

Observer
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Specidist Advisor A Specialist Advisor is not a formal member of the Inspection Ted
but advises them on matters relating to their specialism. The
should be named in the Inspection Report.

A Specialist Advisor provides specific independent advice to thespection Team
concerning aspects of the Inspection that are not within the experience and
gualifications of the Inspection Team.

Some Specialist Advisors will be brought in to deal with technical aspects of the
inspection such as traffic signal controfiraffic signs and markings, street lighting,
vehicle restraint systems/barriers, road surfacing, drainage, etc. Other Specialist
Advisors will represent the needs for various road user groups, such as the elderly,
pedestrians, pedal cyclists, public transmrt operators, etc.

The Inspection Team should consider if there are any particular features of the
project, such as complex signatontrolled intersections, road design, traffic
management or maintenance issues that warrant the inclusion of Specialist
Advisors to advise them.

3.2 Equipment
3.2.1 Network level assessment
Equipment required includes:

1 A vehicle (with appropriate high visibility markings)

1 Video camera (ideally GPS linked system) (typically these cost around R 7
500)

GPS (can be achieved using a satédinavigation system or smart phone)
Notepads

Inspection forms

Pens

Personal Protective Equipment (e.g., high visibility clothing and protective
footwear)

Optional equipment includes:

=4 =4 4 45 2

71 Digital camera
1 Dictaphone (optional)
It is imperative that theassessment route/section is recorded on video. The video
and other equipment should be mounted (not hanteld) so that it does not impair
the driver’s field of view. Pr-reférencimgb | y t h
capabilities so that the video irages can be related to the road chainage, kilometre
marker or other measuring points. This will allow the logging of the precise location
of hazards.

Some road authorities may already have asset management vehicles that are
regularly driven around the netark for other purposes. If these provide geo
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referenced video outputs, they can be used for NLA and the recording of the
information on the road can be done from the offic€Sairam, 2016) The video
needs to be handed over tdhe Assessor as part of the report package and used to
aid the reviews.

As part of efforts to inculcate shared responsibility and to promote road safety
management, branded equipment and vehicles may be considered during the
process of developing and intrducing the NLA process.

Road safety inspection

The Inspection Team will typically be responsible for the provision and use of
equipment such as video cameras, GPS devices, tape measures, maps, digital
cameras, spirit levels, notepads, vehicles and personaiotective equipment (hard
hats, high visibility clothing, etc.).

The roads department may choose to provide equipment and support staff
(particularly if warning signage or other temporary traffic management is required
for the Inspection Team to inspedhe site safely).

3.3 Team Safety

T

When conducting an NLA or RSI it must be kept in mind that personnel may find
themselves in a potentially dangerous situation and therefore a certain level of risk
may be involved. As such it is imperative that the appropriagguipment is used
when conducting these activities to mitigate risks to themselves or to other road
users.

It is essential that site visits are conducted in a safe manner and that the safety of
the Assessment Team, road users and other members of the pigbis not
compromised(African Development Bank (b), 2014)

If a site visit cannot be done safely then it should not be done at all.

Site visits need to be carefully planned as personnel will need to stop at several
locations where safety hazards will be present. A full risk assessment should be
conducted. The risks, and the precautions which are necessary, will vary from site
to site. However, general principles include:

Planning and administration

- The Manager should be notifig of any deviations from planned schedules

- A mobile telephone should be provided for emergencies and for checking in
with the Manager at the start and end of each day.

- The Assessment/Inspection Team must be equipped with sufficient supplies
of drinking water and food.

1 Vehicle safety

- Vehicles must be roadworthy and properly equipped with suitable reflective
materials and service light. They should travel at the prevailing traffic speed.
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1 Site/operational issues:

- Site visits must always involve at least twgersonnel-one should act as a look
out when the other is preoccupied (e.g., taking photographs).

- Appropriate traffic management should be requested if it is otherwise unsafe
to inspect the site.

- The Assessment/Inspection Team should park safely to not sihuct traffic
flow or obscure sightlines.

- The Assessment/Inspection Team must be aware of risks from beyond the
road. For example, the risks of sunstroke, personal attack, or animal bites
(including insect or snake) should be evaluated.

- Appropriate Persoal Protective Equipment (PPE) must always be worn.
Different PPE will be appropriate for different situations, but it is likely to
include reflectorized vests or jackets and trousers and sunshades. Suitable
footwear is essential and might include steel toeap boots. Hard hats or eye
goggles will be necessary in some situations.

- The Assessment/Inspection Team must never use video cameras, cameras,
mobile phones or other equipment while they are driving.

- Assessments/Inspections must be made from safe locaths such as
footways, hardened verges or overbridges.

- Assessment/Inspection should not stand in the road and they should only
cross the road in suitable locations and with care.

- The Assessment/Inspection Team should avoid walking with their backs to
traffic where possible.

- The Assessment/Inspection Team must not expose themselves or other road
users to risks during adverse weather conditions such as high winds or heavy
rainfall. It is possible however to undertake some observations from a safe
place (e.g., pdestrian behaviour in the rain).

- The Assessment/Inspection Team should not intervene in incidents or direct
traffic unless they are specifically trained and equipped to do so. Well
intentioned intervention of this type can make matters worse, and it is ther
to call the traffic police or other emergency services in such situations.

The NLA and RSI Team should stop work and leave the site if unforeseen risks are

identified. They should consult with the Manager to determine a way forward.

4 Proactive process

The Proactive Approach process is broken down into two stages following initial
preparations. Stage 1 involves the conducting of NLA across the chosen road
network. Stage 2 involves the conducting of RSI on locations/sections that are
identified during Staye 1 as being high risk and worthy of idepth inspection.
Following the conducting of the RSI, a treatment plan will be developed and, once
implemented, monitored and evaluateqAfrican Development Bank (b), 2014)
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4.1 Preparation

Two tasks must be conducted in preparation for conducting the proactive

approaches described in the rest of this section. The first is to determine the part

of the road network that will be subjected to NLA. This will relate to an overall policy
for NLA and RSI.

The second is to develop an NLA schedule. For this, the NLA Manager will need to
segment the road network into sections. The sections should be:

1 Homogenous in character (the section should have similar design features and
similar traffic flows)

1 Between 10 km and 150 km in length (and ideally as similar in length as possible)
for rural roads (urban road sections may be much shorter)

1 Meaningful, e.g., road x between junction y and junction z or between two
settlements
Note that route/corridor analysis also requires the network to be sectioned in a
similar manner and that there would be significant benefits in using the same
sections for both tasks (this would allow one single database to be established with
NLA data andoute/corridor accident data)(Committee of Land Transport Officials
(COLTO), 2012)

Each section should be given a unique identifier and sufficient location details
recorded such that the section is identifiable on the netwkir(i.e., latitude and
longitude, road numbers or settlement names at the start and end points). Some
free-source webbased mapping provides a latitude and longitude information if the
location is clicked upon and selected.

A database should be establishedhat houses information about each road
section. Information about each section based on the NLA reports can then be
entered in the future as the NLAs are conducted. This then provides a
comprehensive and auditable record of surveys and improvement workhdoicted.
The NLA Manager should be responsible for maintaining this database.

4.2 Network level assessment
4.2.1 Process Steps

Figure 4-1 shows five steps for coducting NLA and identifies responsibilities for
each step.
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STEP RESPONSIBILITY
Develop and issue the e
1 assessment brief NLA Manager

NLA Manager and NLA

2 Preparation for NLA Team

-

3 Drive the assessment NLA Team

route and collect data

4 &

4 Collate data

5 Pass to Assgssors for NLA Team/Assessor
5 action

Figure4-1: NLA process flow chart

4.2.1.1 Develop and issue the assessment brief

The Assessment Brief is critical to ensuring the effective management and delivery
of an NLA. This will be issued lifie NLA Manager to the NLA Team.

The Assessment Brief should contain:

a) The names of the Road Safety Assessors (referred to as Assessors henceforth)

b) Summary description of the route/area to be inspected road type, length,
location, start points and end paits etc.

c) Road sections within the route/area to be inspected (including start and end
points for each section, and unique section identifier)

d) Details of the visit procedure according to this TRH 29, Volume 2, the time of
day for the assessment and the eqpment that will be required or provided

e) Contact points for any queries or issues

f) Timeline for completion of the NLA

g) Health and Safety Risk Assessment and safety guidance.
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4.2.1.2 Preparation for an NLA

Route Planning

The assessment route needs to b@lanned to ensure efficient coverage of the
required sections (note in both directions for dual or divided roads). If long
distances are to be covered throughout the NLA, consideration must be given to
location of suitable accommodation, rest locations fothe driver(s), meals and
refreshments.

The itinerary for each day should be planned to accommodate these requirements.

An assessment team should be able to complete assessments on around 100 to
150 km of single carriageway road per-8our day (note dual/dvided carriageways
need to be assessed in both directions) depending on complexity of the road
environment.

Safety Checks

The assessment must be conducted safely. The safety of members of the
Assessment Team, road users and other personnel must not be qmmomised by
the assessment process. Prior to starting the assessment drive the Assessment
Team need to check the safety equipment provided to ensure its adequacy for
completing the task. This should include that:

1 The vehicle provided is fiforpurpose andthat maintenance checks have
been conducted

1 All relevant PPE is available and meets standards
1 A mobile phone is supplied and operational
Equipment Check

In addition to checking and verifying safety equipment, the Assessment Team also
needs to check and esure that all logistical resources are supplied and
operational, these shall include:

1 GPS enabled video recording system (to facilitate to the localisation of
particular hazards)

1 Road Assessment Forms and writing material

1 On board odometer (distance measement device measuring in 100m
sections)

1 Detailed plans of the route/area

1 Digital camera with higkcapacity memory card (optional)

1 Tape recorder / Dictaphone (optional)

4.2.1.3 Drive the assessment route and collect data

The assessment route is driven by the Assement Team and the form filled in for
each section. The NLA form is provided in Appendix C.
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At the start of each section of the assessment route, the GPS and video equipment

must be turned on and the odometer set to zero. The video must be in operation

for the entire drivethrough element of the assessment, some video equipment is

GPS enabled and all ows the | ocation to be
perceived road safety issue is noted, t h
GPS location loged. Alternatively, if the video is not GPS enabled then the timing

on the video should be noted manually and the kilometre (km) distance also noted.

It may be possible to record start and end points for each video section based on

smart phone GPS or satéte navigation systems.

To note safety issues on the form the Inspectors shall:

Move within the traffic flow at a suitable speed for correctly recording information
(note travelling too slow can also be hazardous)

Restrict their consideration to roadafety issues

Consider likely traffic flows, mixes and road user behaviours

Use the video, camera, Dictaphone or other recording devices to capture
information

Stop when necessary, and when safe to do so, to take photographs and complete
the Assessment Fan.

After each section has been driven the Assessment Team will park and complete
the assessment Form for that section before driving the next section. If appropriate,
additional assessments on foot or from other vehicles will be conducted before
moving on.

The form provides room to record typical features for the section as well as the
occurrence and location of specific isolated hazards. Recording the location of the
hazards should be done where possible. It may be easier to systematically note
road safetyhazards as they appear along each section inspected and then, during
the preparation of the assessment Report, the locations of these hazards can be
formally recorded for each assessment section.

It may not be possible to capture all information during endrivethrough of the
section. If so, it may be necessary to #eace steps, stop to take photographs to
add to, or reformulate, observations.

Where possible, the site, or route, should be travelled in both directions to
familiarise the Inspectors with tle site and so that they can encounter and better
understand the road from a driver’s pers
should be completed for each direction of travel; this is considered essential for

divided/ dual carriageway roads.

This process igepeated for each predefined section.
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Best practice for use of recording equipment

The use of a video camera to record the NLA, and other recording equipment such
as digital cameras and voice recorders, are an essential part of the assessment
process andat the minimum inspectors MUST use video recording equipment

(African Development Bank (b), 2014)

These devices enable images of the site to be recorded along with a spoken
commentary of issues. This is extremely useful whdnat er col |l ati ng
observations and the images can also form a highly informative part of the
Assessment Report. These are important to provide:

1 The Assessment Team with a reminder of key issues when conducting the
assessment and when writing the gsessment Report

1 Arecord to the NLA Manager/Assessor

1 A record of conditions ossite during the site assessment
Videos and photographs must be taken in a systematic manner and good record
keeping is essential if the videos are to be reviewed later. the beginning of each
section, the Assessment Team can state the date, time and direction of travel. A
spoken commentary may also be useful.

Photographs should be taken in a systematic manner to assist with subsequently
identifying features and locationsFor example, if an assessment of an intersection
is conducted by foot, ensure that landmarks are included and always progress
around the intersection in a clockwise direction. It may also be helpful to
photograph a written card which describes the locatigorior to taking a sequence
of photographs.

4.2.1.4 Collate Data

On completion of the NLA, the information needs to be reviewed and collated by
the NLA Team. This will involve going through all the individual Assessment Forms
to summarise the information collectedAt this stage videos and photographs may
need to be reviewed to ensure the forms are all complete.

The labelling of videos should be checked at this stage to ensure that the RS
Assessor can locate the correct video for each section.

The NLA Manager mayish the NLA Team to enter the recorded information into
the NLA database. A summary report of the key findings of the assessment will be
made with initial indications as to the areas that need further assessment (e.g., a
Road Safety Audit).

4.2.1.5 Pass the NLA R@ort to Assessors for Action

It will not be possible to conduct a detailed RSI on all sections where hazards have
been identified (through the NLA) and so it is necessary for the Road Safety
Inspector (referred to aslnspector henceforth) to prioritise further investigation.
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The Inspetor will therefore need to review the findings of the NLA and prioritise a
plan of RSIs according to available resources based on:

1 Risk-as assessed by the deficits detected during the NLA and degree of violation
of Safe System rules

1 Importance of the r@d/section — based on traffic volumes (if known) and strategic
importance of the road/route/section.
The Inspector can review the NLA videos to help get a good view on which sections
RSI should be conducted. They may also conduct a site visit of the idked
sections to assist in that prioritisation, before finalising the list of sites for further
investigation.

4.3 Road safety inspection

A RSI will eitherhbdeseontdaamedr blyy aemxt e mn
conduct edh dwys ea'n t' ettmanmoadrauthohity, the RSIs need to be
planned and an approved programme put in place.

If conducted by an external team of consultants, contracts need to be put in place
that specify the scope of the RSI, expected outputs and requirements for the
gualifications and experience of the Inspection Team.

Budgetary provision for conducting RSIs, and for addressing any safety
recommendations, needs to be considered prior to the inspections.

4.3.1 Process steps

The stepby-step process for completing an RSI is outlinad Figure4-2. Steps 1, 2
and 3 only apply if an RSl is formally procured using external consultants.

If the RSI Team is from within a roaduthority, then they will simply receive NLA
reports as they are conducted. They may also receive the results of accident data
analyses or police/community intelligence. Using this information, they will need to
develop a prioritised programme of RSIs thathould ideally be approved by the
Chief Engineer of the road authority.
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STEP RESPONSIBILITY
Develop and issuethe

 Client/Roads department
' 3
Client/Roads department

1 1 inspection brief
5

p, Commission the inspection

Collate information and

3 intelligence Client/Roads department

A Review NLA information Inspection Team

g Conduct the site visit Inspection Team

6 Conduct the inspection Inspection Team

Recommend
measures/treatments

Inspection Team

~

.I.I‘I.I.I.I

IS8l Write the inspection report Inspection Team

I.I.I.Il.I.I.I

0 Feedback Inspection Team

Figure4-2: Inspection process flow chart

4.3.1.1 Develop and issue the inspection brief (formal procurement of consultants)

The Inspection Brief is critical to ensuring the effective magement and delivery

of an RSI. The Inspection Brief provides the basis on which to engage an
appropriately qualified and experienced Inspection Team in accordance with the
requirements specified.

It is the responsibility of the road authority taevelop the brief. Inspection Teams
are often engaged through some form of competitive tendering process, or they can
be drawn from appropriately qualified and experienced road safety staff within the
organisation. Whichever option is adopted, they need @ impartial and separate
from the maintaining or design staff involved with the road or area under inspection
(African Development Bank (b), 2014)

The Inspection Team may have knowledge of the roads that they are being asked
to inspect, but they might not, and they should not be disadvantaged by an absence
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of local knowledge. Therefore, for the Inspection Team to provide a realistic
estimate of the time and resources needed for the Inspection, it is important that
they are gven as much information as possible in the initial brief. A clear and
accurate proposal or work plan will only be received in response to a clear and
comprehensive Inspection Brief.

The brief needs to include:

i) Project title

i) Summary description of the road# be inspected- the nature, length, location,
etc.

iii) Any manuals or guidelines to be adhered to. This will include:

h) A specification of the required Inspection methodology and reporting
system.

i) Details of necessary meetings, site visits and health and saye
requirements.

j) Confirmation of the reporting format and the level of detail expected for any
recommendations that are made.

iv) Background to the Inspection.

k) Description of the reasons for the inspection (e.g., accident data analysis,
NLA findings, or locaintelligence).

[) Overall layout and location plan (minimum scale 1:1250).

m) Information about the adjacent network and land uses.

n) Type and level of other information that will be made available (it is
unrealistic to make all information available until the Irgection Team is
appointed).

v. Timescales for the Inspection:

0) Timings for the inspection including information about tertimes, seasonal
traffic or peak traffic conditions to observe or to avoid. Confirmation
concerning suitable weather conditions for vits and daylight and nightime
visit requirements.

p) Timescales for notification and mobilisation of the Inspection Team (typically
2-3 weeks).

g) Timescales for completion of Inspection Reports.

r) Timescales for the development of a treatment programme and ftmllow-
up.

4.3.1.2 Commission the Inspection (formal procurement of consultants)

The formal commissioning of the Inspection needs to take place in an equivalent
manner as for other works commi ssioned by
procurement and contactual processes should be adhered to.

Formal notification should be given to any external funding organisation if
applicable.
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4.3.1.3 Collate information and intelligence (formal procurement of consultants)

Following the appointment of the Inspection Team arttie formal instruction to
commence, the road authority needs to provide relevant information as specified
in the Inspection Brief.

The Inspection Team can only inspect the road on the basis of the information
provided. It is essential that all relevant dagments are provided to the Inspection
Team prior to them conducting the inspection.

The following detailed information and intelligence should be made available to the
Inspection Team:

v) Confirmation of the title of the project and scope of the Inspection

vi) Reporting requirements

vii) A set of plans showing the location of the site and, if available:
s) Horizontal and vertical alignment
t) Cross section
u) Signing and lining
v) Drainage
w) Lighting
X) Road restraint system
y) Landscaping

viii)A blank plan to mark up any issues

ix) Notification o the currently adopted relevant design standards (for any
proposed remedial treatment)

x) Traffic flows, composition (including intelligence on pedestrian/pedal cyclist
road usage)

xi) Historical speed data

xii) Key traffic generators and attractors

xiii)Intersection control information (including, if available, traffic signal timing
information)

xiv)Key contacts with Client/Road authority and police (and interested parties and
stakeholders such as local community groups)

xv) Results of any accident dataanalyses conducted, raw data and any other
intelligence

xvi)Times of day that the roads should be inspected and details of specific days
that should be avoided, or observed, due to school holidays, seasonal traffic or
other factors

xvii) Health and safety requiremets including details of any physical access
restrictions or times when the site should not be accessed

xviii)  Any other pertinent local knowledge or information

4.3.1.4 Review NLA information

In this step the Assessment Brief (if available) and any additional information
available will be studied. Any NLA report and video/photographic information will
be studied to understand the issues identified. Where this is done-louse, it is
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likely to merge with the step identified in Sectiod.2.1.5. Initial consideration of
the supplied information is necessary to identify issues for:

1 Further clarification from the Client, NLA Manager/NLA Team, or those who have
conducted thedata analyses
1 Further investigation during the site visit
4.3.1.5 Conduct a site visit

For a clear understanding of the circumstances that impact on the safety of a road,
it is essential for the Inspection Team to carry out a site visit.

Planning
Site visits:

1 Need to be conducted at different times of the day and at nighime. They
should be planned at different times of the day such as during busy periods,
during the start or end of school, on market days etc. It may be important to
avoid (or observe) school haays or other times when traffic conditions are
atypical. A nightime visit, conducted during the hours of darkness, is
important in order to understand particular safety concerns at night (e.qg.,
visibility of road markings, readability of the road).

1 Need to allow the Inspection Team to take the perspective of all prospective
road users (drivers, pedal cyclists, pedestrians etc.).

1 Must be conducted safely. The safety of members of the Inspection Team,
other road users and construction or other personnel ust not be
compromised by the site visit.

Site visits for larger or more complex roads will often need to take place over several
days and careful planning will therefore be necessary.

All members of the Inspection Team should attend all site visits togeth Other
interested parties (e.g., police, local stakeholders, and managing organisation) may
also be in attendance, either for part or all the whole visit. It may be necessary to
involve different parties at various times and as such, planning is essaaiti

Site Review Principles

The Inspection Team should bear in mind the key principles for achieving a safe
road environment when conducting the site visit so that they are able to associate
with potential problems. These issues are described in Figutes.
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Figure 43: Requirements for Safe System complianc€African Development Bank
(b), 2014).

Table 4.2.provides various aspects for the members of the RSl Team to consider
when planning site visits.

Table1-2: Considerations for conducting site visits

Road function and 1 Is the type of road/scheme appropriate for the

context proposed function or classification of the road?

1 Is the type of road/scheme right for the proposed
traffic flow and modal split?

1 Would safety be improved by Hocating or realigning
the road/scheme?

1 Have controls been put in place to manage or reduct
the likelihood of adjacent roaeside or ribbon
development?

1 Has access been designed to control turning
movements in an appropriate way for the type of
road/scheme?

1 Is the road/scheme character and scale consistent
with the adjacent route and network?

1 Does the road/scheme accommodate anticipated
future development or existing traffic generators?
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Provision of facilities l
for all road users

Are there likely to be pedestrians, carts, animals,
pedal cyclists, or motorcyclists using this road? Have
they been provided for?

1 Are there facilities for public transport (e.g., bus
stops/laybys/pedestrian crossng points)?

Are there rest stops provided?

Is there provision for special road users (e.g., mobilit
or visually impaired, older or younger road users
etc.)?

1 Are facilities provided for journeys to schools?

Forgiving, passively 1l
safe infrastructure

Wouldthe main accident types be survivable on this
road at expected speeds?

1 Would the road environment minimise injuries for all
accident types?

Management of 1l
vehicle speeds

Is the speed limit appropriate for the function of the
road?

Are drivers likely tmbey the speed limit?

What is the impression given to drivers about what
the speed limit is (without seeing a speed limit sign)?
Can this be improved to enhance compliance?

= =

Consistency and roac
readability

Are there any surprises for road users?

Arethere any features that can distract driver

attention or misguide a driver?

1 Is the driver guided, warned, and informed about the
road ahead?

1 Is there consistency in the design throughout the
scheme and with nearby roads?

91 Does the scheme control the passagef the driver

through conflict points and other difficult sections?

= =

Additional guidance on the aspects that need to be considered through the site visil
given in Appendix A- Reminder lists.

The expert inspection of the site should also bguided and informed by general
principles and consideration of the accidents that typically occur on that type of
road. For example, if the road is a complex urban site with high numbers of
pedestrians and other VRUs then it would be reasonable for the pegtion Team

to be particularly interested in risk features which relate to pedestrian safety.
Conversely, if the road is remote, higépeed and characterised by long straight
lengths linked by bends then it would be reasonable to be particularly interedtim
risk features which relate to overtaking or loss of control accidents.

Every site is different and local conditions can interact and create risks that are not
always immediately apparent. An experienced Assessor will be familiar with
situations where, for example, bends are correctly designed and signed but,
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because of local factors, they do not look as acute as they g#frican Development
Bank (b), 2014)

The expertise which Assessors utilise involves tlsge-specific inspection of risks
based on a consideration of the interaction of unique local characteristics of a
location including vehicle mix, speeds, driver behaviour, road alignment, sufficiency
of signs, etc.

Different Viewpoints

The location that $ being assessed should be visited during daylight and during the

hours of darkness. The team should also experience the use of the site from other
road users’ perspectives. This is Ilikely
roads; it may also invole riding or driving other types of vehicles through the site.

In most instances, it is necessary to also inspect the site on foot and to observe

traffic conditions and road user behaviour from the street leve(African
Development Bink (b), 2014).

However, some sites might be inaccessible and, without precautions such as road
closures (which may be impracticable), these sites can only be inspected safely
from within a vehicle which is moving at the prevailing traffic speed.

Recading findings

It is recommended that a full video of the site/road is recorded and that many
photographs are taken during the site visit. These are important to provide:

1 A reminder of key issues when conducting the inspection and when writing
the Inspecton Report

1 A record of conditions during the site visit
Taking more videos and photographs in a systematic manner will help when
reviewing them later. Always start a video sequence speaking to the camera and
naming the site, identifying the personnel invodd, stating the date and time and
by specifying direction of travel. It can also be helpful to provide a video
commentary.

Photographs should be taken in a systematic manner to assist with subsequently
identifying features and locations. For example, ensurthat landmarks are
included and always progress around an intersection in a clockwise direction. It
may also be helpful to photograph a written card which describes the location prior
to taking a sequence of photographs.

Copies of plans should also be @l to record any specific features seen during the
visit for later reference.

The plans and other relevant information need to be reviewed again after
completion of the site visit to complement the site findings and to enable earlier
road safety observatios to be confirmed or revised.
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Community intelligence and consultation

When a site visit is conducted it can be specifically useful to consult with local
interest groups and the wider community. This has several advantages:

1 Intelligence can begathered on the accidents that have occurred and any
concerns the community has
1 The transport and safety needs of the local community can be considered
when developing a treatment plan
1 The local community can be educated on safe use of the road
4.3.1.6 Conduct theinspection

The inspection itself is the detailed review of all information collected through the
review process.

The Inspection Team should remember to:

1 Consider the needs of all road users (including pedestriansespecially
children, pedal cyclists, ananotor-cyclists)

Be thorough and comprehensive

Be realistic and practical

Restrict their consideration to road safety issues

Consider traffic flows, mixes and road user behaviours

Consider the interactions of roads’ f e
Use of reminder lists

= =4 4 -4 4

Two setsof reminder lists have been developed for use during the Inspection:

1 The first set are high level road safety issues concerning the function and
context of the road, who is expected to use the road and what their risks
are.
1 The second set of reminders proges a highlevel list of physical road
elements that should be looked at in the site visit.
The reminders present different questions regarding the safety of all users but they
are not exhaustive and should not be relied upon as the definitive extent ofiat
needs to be examined. The reminders should be seen as Aide Memoire only to
assist in ensuring all items are considered by the Inspection Team. The inspection
should not be conducted as a ‘“tick list’

Conflict studies (optional)

RSIs will ofteninvolve a specific location, such as for example an intersection,

rather than a route or a larger road network. Where site specific data are limited, a
conflict study involving obsemivsisnegs,’ rceacno
provide an alternative surce of information about risks and likely accident patterns

at sites (Archer, 2005). The field of conflict measuring is rapidly evolving with the

use of video and image processing technologies, including the utilisation of drones,

being developed. Thissi affording the more ubiquitous application of conflict
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measuring with much improved consistency and objectivity, as well as with greater
resource efficiency.

The conflict study pmissoeflets arelikely to breesgnilat h
in nature to the smaller number of more severe accidents and that, as such, a

conflict study can be used as a surrogate for accident data. A conflict or encounter
often involves a road user (a pedestrian, a pedal cyclist or the driver of a motorised
vehicle) takirg some form of evasive action. One definition of a conflict (from Ross
Silcock, 1998) is: two traffic participants maintain such a course and speed that a

sudden evasive manoeuvre of one of the two participants is required to avoid an
accident.

Walker et d (2005) used a similar definition of a conflict and split interactions
between pedestrians and vehicles into three increasingly severe categories:
encounters, conflicts and accidents. The frequency of encounters and conflicts
from the Ross Silcock reseatt (Silcock, 1998) was quoted and, from a total of
32,000 pedestrians observed, 5% were involved in an encounter and 0.3% were
involved in a conflict. These studies can therefore add to the understanding of
accidents without requiring the retrospective angsis of an actual accident.

Conflict studies can be conducted by making, and recording, observations from the
road-side or by observing interactions on video (Zeng, 2014). It should be noted
that whilst the most common conflicts are often like the most comon
manoeuvres, this is not always the case. In some instances, movements which are
less common can be disproportionately oveepresented in conflicts.

Therefore, as well as identifying information about conflicts, it is also necessary to
record some indicative traffic counts to help to understand the rate of risk exposure
associated with any conflict. The inspection of conflicts involves an element of
subjective judgement, and it is therefore important to ensure that suitably skilled

personnel conduct the analysis and that it is conducted in a consistent manner. If
sites are to be compared, or ranked, based on conflict studies, then it is important
that these studies are carried out by the same person.

7 Seewww.microtraffic.com/for example.
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CLASSIFICATION DESCRIPTION EXAMPLE
Encounter, precautionary Pedestrian stoppingin
1 action carriageway to allow vehicle to
pass
Pedestrian deviate from route
Controlled action or vehicle undertakes
B controlled braking
Naar s Rapid deceleration, lane change
3 or stopping
Emergency braking or violent
4 Close miss swerve
5 Aeciaant Contact between two parties

Figure4-4: Example of conflict classification

In addition to identifying the manoeuvres and the types of traffic involved in a
conflict, it is also necessary to consider the severities abnflicts along with the
rate of exposure to risk. The study will therefore include representative traffic
counts and a categorisation of each observed conflict.

Conflicts can be recorded on site using basic sketches. These sketches record the
manoeuvres and the road user types involved in each conflict, along with the
frequency and the severity. Figure-8 shows an example of a conflict measuring
study sheet where the focus was on pedestriarehicle conflicts at a Jjunction.
Error! Reference sarce not found.shows an example of a conflict measuring study s
heet for vehiclevehicle conflicts at an intersection(African Development Bank (b),
2014).
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Conflict Severity
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Figure 45: Example of a conflict measuring study sheet for pedestriarghicle
conflicts at a Function
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Figure46: Example of a conflict measuring study sheet for vehicleshicle conflicts
at an intersection
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Use of risk assessment matrices teemiquantitatively assess risk

Accidents are rare, random, multifactor occurrences and attempting to predict
where the next one is going to occur is impossible. Therefore, whilst it is possible to
identify the nature and scale of a hazard, it is only psible to identify where an
accident will occur if it is associated with an identified narandom pattern where
the risk can be reduced through assessment of that pattern.

The frequency with which accidents will occur is equally difficult to predict withyan

precision. Nevertheless, the assessment process identifies those elements of the
road environment that are hazardous to road users, and it also provides an
indication of the potential for an accident occurring. As such, the level of risk (i.e.,
the combhnation of likelihood and severity) can be determined.

This risk assessment process can be conducted in a systematic manner using a

ri sk matrix to produce semi qualitative r
to be made between the risks associated it different hazards at a particular site

or, indeed, at different sitegAfrican Development Bank (b), 2014)

A hazard is an aspect of the road environment or the operation of the road which
has the potential to cause harm. Rk is the likelihood of harm occurring. An
assessment of risk will therefore involve a subjective evaluation of the potential
severity outcomes and frequency of incidents that have been identified. This
evaluation for an existing location can be assistealy conflict analysis and study of
accident history.

It must therefore be recognised that although the technique can be used to produce

a ‘ranking’ , the raw information that I s
such, comparisons are only reasondé if the subjective assessment is made in a
consistent manner (for instance, by using the same Inspection Team).

The risk level is determined from a defined table.

The subjective assessment as to the likelihood of an accident happening (ileow
often the hazard will cause or contribute to an accident) is determined using the
risk defining table Table).
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Table4-2: Accident risk level matrix

Frequency/likelihood of accident happening

Critical Medium Medium

Medium Low

Marginal Medium
Negligible Medium Medium Low Low

The severity of a hazard is determined from a subjective assessment of the
outcome if the hazard causes or contributes to an accident.

Table 43: Likelihood of anaccident happening

Frequency of occurrence Equivalent accident frequency

Frequent More than once per year

Probable Once every 1 to 3 years
Occasional Once every 3 to 10 years

Remote Less than once in 10 years

Any type of accident coulgotentially result in a fatality. It is therefore important to
consider the most typical or plausible outcome rather than the worst possible
outcome (because the worst possible outcome would always be catastrophic).
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Table 44: Hazard severity

Severity of outcome Equivalent accident outcome

Catastrophic Results in at least one fatality (fatal)

i Results in at | n ri It
Critical esults in at least one serious casualt

(serious)
. Results in at least one slight casualty
Marginal (slight)
Negligible Damageonly accident

It is notable that the process does have some resilience to assessments being
made based on more, or less, serious accidents rather than the typical or most
likely outcome.

Recommend measures

For exampleA risk might be assessed as: Probable x Marginal = Medium Risk.

If, instead, the Assessor tended to consider the likelihood of a more serious accidg
occurring, then the assessment might be Occasional x Critical = Medium Risk. Thaf
because a worse otcome is likely to occur less often, the same level of risk is assessg
for this hazard.

Each problem identified in the inspection will have one (or more) workable solutions

that could reduce both the risk and hazard. For each segmentf @oad,
countermeasure options are ‘tested’ for
injuries.

For example:a section of road that has poor pedestrian provision and high pedestrig
activity might be a candidate for a footpath or pedestrian crossing féity. Similarly,
where there are numerous roadside obstacles in combination with surprising or pg
standard bends, clearing roadside obstacles or installing a vehicle restraint system m
be considered (African Development Bank (b), 2014).

A list of poential treatments relevant to different accidents is given in Appendix B.
It provides highlevel, indicative, guidance as to the type of safety improvement
measures which might be appropriate in certain circumstances.

The SSA involves recognising that pelepare fallible and that, because mistakes
do happen, it is necessary to engineer the road system in such a way that the
consequences of a mistake are of low severity. This could involve, for example,
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providing a suitable form of road restraint system torpvent an errant vehicle from
leaving the road and striking a fixed object (such as a tree or lighting post).

A safety improvement could also involve reducing speeds to reduce the kinetic
energy associated with an accident and, thereby, reducing teeverity. This type of
measure is also likely to reduce the likelihood of the loss of control occurring in the
first place and, also, increase the likelihood of the accident being avoided if a loss
of control does occur.

4.3.1.7 Write the inspection report

A formd inspection report should be completed for all inspections that are
conducted. Copies of this should be retained by both the Inspection Team and the
head of the relevant roads department to form a verifiable audit trail. The
Inspection Report provides aancise written record to identify road safety problems
and actions that need to be taken to improve road safety. The report provides the
formal documentation on which decisions about corrective action will be based.
Error! Reference source not foundhrovides a framework for all RSI Reports.

Table 45: Framework for the Inspection Report

Background description 1 Inspection Team Members as well as the names and
affiliations of other contributors to the inspection

1 Details of who was present at the site visit/s, when it
was conducted and what the conditions were on the
day of the visit (weather, traffic, etc.)

1 The findings of any accident data analyses/NLA
conducted that prompted the RSI

Issues and 1 An A3 or A4 location map marked up with references

recommendations relating to the issues identified

(these may be tabulated. 1 Each specific road safety problem identified

to allow responses to be separately, supported with reasoning, stating:

added) 0 The location of the problem

0 The nature of the problem

0 The type of accident that is likely to occur (or
has already occurred) as a result of the issue

o Where available, illustrative photograph(s)

0 Where appropride (and/or required) details of
any conflict study findings

0 The assessed risk level (obtained by use of risl
matrices)

Recommendations forf  § A list of the documents considered for the inspection
action to mitigate or
remove the issue
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1 Analysis of anyoperational data available along with
issues identified during observations of traffic using th
site.

4.3.1.8 Feedback

On completion of the Inspection Report the RSI Manager and Inspector(s) will give
feedback to the NLA Team and recommendations will baken forward into the
development of a Treatment Plan as described. This feedback will include a review
of the types of features identified and whether any additional hazards have been
identified through the detailed RSI that could be identified using Nlithe future.
This will enable the NLA Team to #essess the NLA procedure and make
improvements or adjustments as may be required.

4.4 Development of a treatment plan

44.1

Treatment plans are a prioritised list of countermeasures that are estimated to offer
cost effective improvements to reduce risk.

The Inspection Team will need to take the findings and recommended treatments
from the RSI and develop a treatment plan that can be implemented over a defined
period. Before conducting NLAs and subsequent RStssinecessary to ensure that

a budget is in place to implement recommended treatments.

It will rarely be possible to implement all treatments and so it will be necessary for
the Inspection Team to prioritise a programme of treatments. One way of doing thi
will be through Economic Appraisal to ensure that the best impact is achieved for
the investment. There will be some recommendations that can be put into a
dedicated schedule of safety improvements. Others may require immediate action.
Further treatmentsmay be more suited to incorporation into maintenance activities
at little, or no, additional cost.

Typically, minor modifications to improving the road environment through signing
and lining can be implemented easily, whilst even modest changes such as
implementing guardrail or vehicle restraint systems need a specific budget
allocation. More major interventions such as junction widening, control or
pedestrian provision may even require additional design before appropriate
measures can be fully implementedHowever, the scale of work and potential

benefit needs to be assessed to determine a list of priority schemes to fit any
budget allocation.

Economic appraisal

Economic Appraisal (EA) should be performed for all proposed treatments and is a
means of prioftising a treatment programme.
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Economic Appraisal is the formal estimation of the potential benefits of
implementing a specific measure or scheme, usually in terms of the expected
longerterm financial return on the initial investment, versus the costs. B&a key
method to help engineers make decisions on which schemes should be
implemented when budgets are constrained since it provides an objective measure
of expected performance that can be compared between schemes. It will therefore
help staff make dedsions on which measures should be implemented.

There are several techniques that can be used, from the more complex full Cost
Benefit Analysis (CBA) which requires an extensive set of supporting information
and parameters, to more straightforward techniges that include First Year Rate of
Returns (FYRR) and Cost Effectiveness (CE). If there are limited accident data
available and no accepted accident costing values, then it may be necessary to rely
on CE calculations. It should be noted that EA is a rulé taumb method which
should be done as well as possible and the results of EA are seldom used as the
sole justification for deciding on whether to fund a scheme.

For all the methods, it is necessary to estimate the number of relevant accidents
and estimatethe potential effectiveness of treatments. These are described in the
sections that follow.

4.4.1.1 Estimating accidents

Normally EA is applied on treatment plans developed because curative approaches
such as accident location (blackspot) analysis and treatmentwre the number of
accidents and casualties is known. When EA is used to assess and prioritise
treatments because of proactive approaches in the absence of detailed accident
data, accident numbers on a stretch of road first need to be estimated. In many
HICs Accident Prediction Models are applied, however these still require good
accident data for proper calibration and their transferability to different countries
and situations is difficult to justify.

Another reason it is extremely important to improve ¢hquality and accuracy of
accident data (see TRH 29, Volume 1). Without accident data any economic
appraisal can only be a basic estimate. If accident data are available, this will much
improve the accuracy of the EA.

The first step is to calculate the auage number of accidents per kilometre across
the road network. If this can also be done by accident type this would be a
significant advantage (e.g., number of pedestrian/cyclist, heawh, runoff and
intersection accidents per km). For intersection acagats, if the number of
intersections is known then this could provide an average number of accidents per
intersection.

Since traffic flow is the most important predictor of accident numbers (this is the
major factor used in Accident Prediction Modellinggny information on traffic flows
(whether this is actual traffic flows or a considered estimate) can be useful in
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providing a very crude estimate of the number of fatal and/or serious accidents
expected on a section.

If traffic flow need to be estimated then it is suggested that these are banded into
low, medium and high based on engineering judgement and knowledge of the road
network. For low volume roads, it is suggested that the average acaitieate per
km could be divided by 2, for high volume roads the same figure could be multiplied
by 2.

For example:The average number ofdtal, serious or slight injury ruroff road
accidents per kilometre per year across the network is 1.75

The section in question is 3km in length and is considered to have a high traf
volume (if precise traffic volumes are known then a more sophisticatedethod
can be adopted)

Then it would be anticipated that 1.75 (run off accidents per km) * 3 (3 kmj
length) * 2 (factor of two to reflect high traffic volume) = 10.5 fatal, serious o
slight runoff accidents would occur on the road section.

If required, the number of accidents can then be multiplied by a factor to estima
the number of casualties (since, on average, more than one casualty will
involved in each accident).

This factor can be derived from dividing the number of causalitidgsy the number of
accidents nationally. If there are 11,000 fatal, serious or slight accidents every year a
15,500 fatal, serious or slight casualties, the factor would be 1.41 (15,500/11,000).
So, on the 3km stretch, 14.8 fatal, serious or slight casuddis would be expected.

If it has been possible to estimate the number of accidents resulting from a
particular accident type (e.g., pedestrian accidents or rwoff-the-road accdents)
then these can be used to get a feel for the number of accidents that might be
eliminated by targeted treatments designed to solve specific accident type issues.
The effectiveness of treatments can then be used to determine how many
accidents or casialties might be saved.

4.4.1.2 Effectiveness of treatments

Countries which have been performing road safety management and evaluation for
many years may have gathered evidence on the effectiveness of treatments. In this
case it is beneficial to use local evidenceoncerning the effectiveness of a
treatment. However, the availability of such information in Africa is likely to be
limited. Instead, it is necessary to use information about the effectiveness of
treatments from other regions of the world and apply roadafety engineering
judgement and experience when considering the impact in the African context
(African Development Bank (b), 2014)

One significant benefit to improving the quality and analysis of accident data is that
it will become possible to evaluate the impact of treatments in the African context.
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Building a regional resource containing evidence on the impact of treatments
should be considered a priority. Sharing such results will allow for the building of
an evidence basequickly. Earlier sections provide guidance on simple approaches
to evaluation that can be used to start to build an evidence base.

There are several international sources on the effectiveness of treatments. The first
source that can be consulted is the iIRP Road Safety ToolRit The iRAP Toolkit
compiles best practice information on road safety treatments from across the
world. In the toolkit there is information about the effectiveness of a treatment,
relative cost, implementation issues and reference®tsources that provide more
detail.®

In the example used in the estimating accidents section (Sectigh4.1.1), 10.5
fatal, serious or slight accidents arexpected on a 3km section in a given year. If
installing a VRS has an effectiveness of 460% in reducing ruroff accidents (see
iIRAP toolkit), then a conservative estimate is that 40% of the 10.5 accidents would
be saved per year = 4.2.

4.4.1.3 Economic appraisamethods

Full cost benefit analysis

Full Cost Benefit Analysis (CBA) is an extremely demanding task to perform properly.

It requires all significant monetised costs and benefits to be assessed typically over

a scheme’ s | ifeti me. intehance bosts alldnviommertal d e an
and social impacts; all costs need to be moved into a single base year value and

GDP growth across the inspection period needs to be considered. It is axépth

process that can require significant effort and so is ndbe suited to smaller

schemes.

To do full CBA, the following information is required:

1 To calculate costs:
- Treatment implementation cost
- Approximate annual maintenance costs
- Treatment lifespan
1 To calculate benefits
- Treatment effectiveness
- Treatmentlifespan

8 https://toolkit.irap.org .

9A further source that can be consulted is ‘The Ha
(Elvik, Vaa, idye, and Sorensen, 2009). This source compiles similar information in greater detail.
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- Value of a life, serious injury, slight injury and damage only
accident
1 Standard official CPI factors/GDP growth factors/Discount rates.
These items are then used to calculate a Net Present Value (NPV).

ROSPA (1995) suggests that in some casesntay be advisable to carry out an
evaluation which expresses the difference between costs and benefits that may
accrue over several years (e.g., if the installation covers more than one year and
there are known to be inevitable new maintenance costs in futl years. The
accrual needs to be against a common year price base.

In the NPV approach there is a need to take account of money having a changing
value over time because of the opportunity to earn interest or the cost of paying
interest on borrowed capita

The major factors determining present value are the timing of the expenditure and
the discount (interest rate). The higher the discount rate, the lower the present
value of expenditure at a specified time in the future. If the discount rate for roads
is 6% then R1 of value this year, if it accrues next year would be valued at 6% less
(i.e., 94 cents and the following year 88 cents, etc.).

The overall economic effectiveness of a scheme is indicated by the NPV, which is
obtained by subtracting the Presentvalue of Costs (PVC, which must also be
discounted if spread over more than one year) from the Present Value of Benefits
(PVB).

First Year Rate of Returns
First Year Rate of Returns (FYRR) is commonly used for appraisingclost

schemes. In this method acident costings are required along with estimated
treatment costs and accident savings.

The simplest FYRR will be estimated as the number of accidents in the 12 months
before installation minus the predicted number of accidents in the 12 months after
installation multiplied by the average cost of an accident. This is then divided by
the total scheme costs and then multiplied by 100 to give a percentage.

The formula is:

@i @OEH Q@IQ Q¢ 10D &1 i0E Q@BINQ0 VNQT O Rbi @i
Y& O¥E M WG Q
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Cost Effectiveness

The simplest method for carrying out
the cost that needs to be expended for each accident saved alternative and
competing schemes is estimated to help with the prioritisation of investments.

Care must be taken when assessing the effectiveness of treatments since these
are unlikely to be additive. In some cases, calculations have been seen where the
estimated effectiveness of several treatments is greater than 100%. This is clearly
not possible. Road safety engineering judgement needs to be applied in combining
the effectiveness of treatments.

The main parameters required are:

1 The number of accidentgper year
1 The estimated effectiveness of each scheme as an expected reduction in
accidents after implementation

1 The total estimated cost of the proposed schemes
To calculate the CE for each section the total scheme cost is divided by the number
of accidents saved per year in the after period. It is important to use the number of
‘“reltéevaancci dent s  ne., thdse whichawillcha Impactedoby a
measure. For example, if there are 10 accidents per year assumed in a section
being assessed, 3 of which occurred in daytime and 7 at night time. If the proposed
measure is to put instreet lighting, this measure cannot be expected to reduce the
3 daytime accidents, so the relevant number of accidents is 7 rather than the total.

Using the same example as described earlier in the estimating accidents a
effectiveness of treatments sections, the following calculation can be performed:

T Number of relevant accidents per vy
T Expected reduction or measut.e..e.f.40%
1 Expected saved aCCidentS PeI YEAI........cooviiiiiiiiiiiiiiiiiiiie ettt e e e e e e e e e e e e e
T Cost of measure......
9 Cost EffectivenesS iS.....ccoveeeeiiiiiiiiiieeiiieeee e, R9,524 (400,000/4.]

This gives a value which represents the cost required to save a single accident for
each proposed scheme. fie potential schemes can be ranked by the calculated
CEs in descending order and those schemes with the smallest values should be
implemented preferentially.

This method does not require accident cost estimates, although estimates of the
effectiveness of teatments are required. Disadvantages include that the approach
does not consider accident severity. Clearly this does require an estimate of the
number of accidents, and this is currently one of the main challenges to be faced.
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4.4.2 Implementing a Treatment Rin

Once a treatment plan has been devised and prioritised, implementation should
follow. Where there are major changes to a site, section or road, these should be
subjected to Road Safety Audit (see Volume 3).

All road safety treatments should be subjectetb Monitoring and Evaluation (see
Section 6 of this TRH 29, Volume 1) as an integral part of implementation

5 Monitoring and evaluation

Monitoring and evaluating the impact of treatments is critical to refining and
improving the treatment of highrisk locations or sections over time. Building an
evidence base on the effectiveness of treatments under different conditions in the
African context is particularly important. Ideally such evidence will be shared among
similar countries through a road safety obsertary or through collaborative
initiatives (African Development Bank (b), 2014)Reliable accident data are
required for formal evaluation.

5.1 Monitoring

Monitoring is the operational checking that a scheme is performing as expedte
This may involve site visits to physically monitor the site to ensure road users
understand the change and also the review and analysis of accident ddi&/orld
Road Association , 2012)

Accident occurrences should beeviewed after six weeks, a year and three years.
Statistical methods can be applied after one and three years of data have
accumulated, though statistical significance would rarely be reached using just one
year of ‘“after’ dat a

5.2 Evaluation

Evaluation is aformal process to check the impact of a treatment/combination of
treatments on accident and casualty numbers. It is used by practitioners to
understand what has worked, and what has not. It is a vital part of effective road
safety management because intaljence on the impact of treatments under
different conditions is important if limited resources are to be spent in the most
effective manner possible (World Road Association, 2012).

Evaluation is rarely done, and if it is done it is often not done as wad it could be.

Simply comparing the number of accidents in a period before and after treatment

can be very misleading due to random stat
me an’

Empirical Bayes method is often recommended for conducting beforechafter
studies (see OECD, 2012) though it is rarely used because of its complexity.
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The three most used statistical approaches to structure before/after testing are the
‘“Naitve’, the ‘Yoked Site/ Comparator’
All o these require accident data.

These are summarised as follows (World Road Association, 2012):

1 The naive before/after method is discredited because it fails to consider any
external potentially confounding issues. The accidents before the treatment
are conpared simply with the accidents in the after period. The results from
this method are likely to be very inaccurate since no account of any longer
term trends is taken.

1 For the yoked site/comparator method, treated sites are paired
(individually) with similar but untreated sites for the analysis. Thus, the
number of accidents in the after period needs to be reduced significantly
when compared with any reductions observed at the comparator. This
method takes account of some confoundieffects, though it does not take
account of regression to the mean 2. It is technically difficult to identify
suitable untreated comparator sites since often all sites with a particular
problem will be treated in a programme.

1 In the unpaired site/compardaor method, the analysis is like the yoked
design; however, the comparator does not need to be similar to the site in
its features. It does, however, need to be significantly larger than the site
with many more accidents in it. It is much easier to idenyifthe required
comparators for this method (adapted from ITE, 2009).

The chisquared (X) test has been used to assess whether the after accidents have
changed significantly. This is quite an easy test to perform which does not require
any assumptions to l#2 made about the underlying statistical distribution of the data
(Odonkor, 2020)

These tests have all been widely used for road safety analyses and are still being
taught to engineers on road safety courses around the world. Noof them address
regressionto-the mean but the site/comparator approaches do take some account
of other potentially confounding issues.

Given the balance between performance, rigour and ease, the unpaired site
comparator method is clearly the best methamlogy to use. This method is
commonly used with the chsquared statistical test.
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APPENDIX VV&: REMINDER LIST

Experience has shown that whilst very long checklists can appear to be thorough,
the use of such lists is problemati¢African Development Bank (b), 2014)

1 No list can ever be truly comprehensive

No list can anticipate all of the unique scenarios that might be present at a site and
reliance on a detailed list can result in safety risks beingndiagnosed (i.e., those
which are present at a site, but which do not appear in the reminder list).

1 Some people can be over reliant on checklists

There is a risk that checking against a lengthy list of reminders will be used as a
substitute for the exercse of expertise and creative assessment.

1 Long lists often tend to be very poorly used in practice

Many people are deterred by lists which seem overwhelming, including many
comments which are not relevant to the road which is being considered.

For these reaons, the following reminders have been designed to be manageable
lists of highHevel pointers which should help guide the RS Assessment Team ensure
that all the necessary general issues and aspects of a road are considered.

Two sets of reminder lists haveeen developed:

1 The first set (B1) are high level road safety issues
1 The second set (B2) is a higlevel list of physical road elements that should be
examined during the site visit

The reminders are an Aide Memoire only to ensure all items are considetad
Assessment Teams and they should not be wu

Al Highlevelreminders- Road safety issues
The auditor needs to begin by considering some higvel issues at each stage.

Road function and context:

Type of scheme and suitability for funion of the road (residential/local
road, collector, distributor etc.)

Type of scheme and suitability for traffic flow and mix

Character and scale of scheme in relation to adjacent route/network
Impact on traffic flows, speeds and surrounding road network

Linkages with other roads

Consistency with nearby roads

Location of scheme (could safety be improved through -i@cation/re-
alignment?)

Controls for adjacent roaeside or ribbon development

Control of turning movements

Future development of road an@djacent towns/villages etc.
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Existing traffic generators

Construction stages/order

Provision of facilities for ALL road users:

Mix of road users and vehicle types expected and variation in these:
Buses

Trams

Trucks

Agricultural equipment/vehicles

Minibuses

Maintenance vehicles

Emergency services

Cars

Carts

Motorcyclists

Pedal Cyclists

Pedestrians

Animals

Special road users (e.g., mobility or visually impaired, older or younger road
users etc.)

o Facilities for each road user group

Facilities for schools

Red stops/laybys

Public transport facilities (and suitability for pedestrians)

Forgiving, passively safe infrastructure:

Survivability of:

Headon crashes

Runoff crashes

Crashes at intersections (including visibility/sight distances)
Crashesi nvol ving Vul nerabl e Road User s
motorcyclist, cyclists, public transport users and roagide vendors.
Management of vehicle speeds:

Speed limit appropriate for road function

Speed limit credible/likely to be obeyed (impression ebad, general levels
of compliance)

Speed limit safe

Temporary speed limits during construction

Consistency and road readability:

Surprising elements of the road

Consistency of design
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Advance warning of hazards

Readability of road
Information/guidance/signing

1 Control of movements through intersections

= =4 -4

A2 High level reminder list Physical road elements to consider during the site inspection

The following list is of physical road elements that should be examined whilst
reviewing plans and during ta site inspection. Not all items will be relevant at all
stages. The list is deliberately neaxhaustive and high level so that it does not limit
the RS Assessment Team's considerations.

Adjacent to the road:

Terrain

Development density/type

Generators ofroad users/desire lines etc.

Rest areas and laybys

Interfacing roads/similar nearby roads

Distracting advertisements

Roadside:

Clear zone/ obstacles (trees, signs, lighting columns, culverts etc.)
Vegetation/trees likely to obscure signage or become abstacle when they grow
Guard rail (adequacy, necessity, safe installation/terminals, safe for different road
user groups)

Shoulders/recovery area, cutting slopes

Parking provision (including generation of slemoving vehicles and presence of
pedestrians)

and loading facilities

Drainage

Buried services

Signing: Clear and understandable for all road users; visible in the day and at night;
visible under

different weather conditions (e.g., heavy rain, fog, sand storm); no shadows;
unobstructed (include

consideration of vegetation growth and maintenance); height and size of signs
Fencing for animals and pedestrians

Median:

Type of median treatment

Barrier type if applicable (adequacy, necessity, safe installation/terminals, safe for
different

road user groups)

Width of median and obstacles (trees, signs, lighting columns, culverts etc.)

=4 =4 -4 -4 4 5 4 4 4 -5 2
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Signing: Clear and understandable for all road users; visible in the day and at night;
visible

under different weather conditions (e.g., heavy rain, fog, smoke, smog, sand storm);
no shadows; unobstructed (include consideration of vegetation growth and
maintenance); height and size of signs

Vegetation/trees likely to obscure signage or become an obstacle when they grow
Roadway:

Lane widths and number of lanes

Provision for/restridion of overtaking

Road surface: smooth and free of debris/mud/gravel; durability and maintenance;
cross fall/

super-elevation; antiskid high friction surfacing where required

Gradient

Horizontal alignment: Consistency of bends, warnirgigns/treatments, antiskid
high friction

surfacing, camber, clear zones/guard ralil

Vertical alignment: Dips/humps and visibility

Forward visibility: Sight and stopping distances

Markings: Clear and understandable for all road users; visible in the day aad
night; visible

under different weather conditions (e.g., heavy rain, fog, sand storm)

Lighting

Transitions

Overhead services (clearances)

Intersections and accesses:

Intersections:

Type of intersection appropriateness for road type/speed

Spacing andfrequency

Sightlines

Readability/clarity for road users

Signing and markings

Antiskid high friction surfacing

Provision for VRUs

Lighting

Accesses, laybys and rest areas:

Appropriateness for road type/speed

Spacing and frequency

Sightlines

Provision forVRUs

Roundabouts:
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Alignment and deflection on approaches

Visibility of roundabout and traffic islands

Obstacle free zone in central island

VRU provision

Signalised intersections:

Visibility of intersection

Visibility of signal lanterns (day/night andunrise/sunset)
Sight lines

Stopping distances from back of queue

VRU provision

Phasing sequences

Turning phases

Location of signal posts/control boxes (obstacles)
Facilities for VRUs:

Clear, continuous and unobstructed footpaths and crossing points
Desirelines and VRU generators near to the road
Prevention of access to unsuitable roads

Crossing wait times, crossing times and lengths
Reduced vehicle speeds

Accessible for those with mobility impairment or prams/pushchairs
Visibility

Other considerations:

Weather (adverse weather conditions that may have an impact on safety e.g., heavy

rain, sand, fog etc.)

Special events/seasonal attractions

Provision for

Maintenance and maintenance vehicles

Large/heavy vehicles (e.g., swept paths, turning circles, lane i}
Enforcement/emergency services

Agricultural/stock movements

Temporary traffic management:

Clear and unambiguous path for vehicles in daytime and at night
Clear and accurate advance signing visible (sign sizes) in daytime and at night
Mergessigned and good length

Clear tapers and temporary markings

Clear and safe path for VRUs

Work area clearly defined, safety buffers in place
Removal/covering of permanent signs/markings

Lane widths

Barriers separating work area and traffic
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Road surface cleaof mud/grave/debris etc.

Temporary speed limit and enforcement

Controlled site entrances/exits

Flagmen located safely if used

Order of phases of construction safe

Temporary traffic signals signed and stopping distances
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APPENDIX VB: TYPICAL ROAD SAFESDLUTIONS/TREATMENTS

This appendix contains a compendium of a selection of typical engineering
measures for consideration as effective safety improvements in various
circumstances and in response to different types of accidents. The examples given
are neither exhaustive nor complete. The pictures are included for demonstration
purposes and any picture is not necessarily displayed to suggest a good or poor
practice example. The described typical engineering measures should be applied
with circumspection astheir appropriateness is dependent upon particular local
and/or site-specific circumstances.

Engineers should carefully consider the local and sigpecific conditions under
which any of these potential measures will operate before applying a particular
solution.

Each treatment is described in brief with notes on benefits and implementation
issues. Although a treatment could have a positive impact on one accident type,
there might be negative consequences for other accident types and road users. For
instance, converting a single carriageway to a dual carriageway to reduce head
accidents can result in an increase in pedestrian risk and potentially higher speed
lane change accidents.
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Treatment

Cost

Benefits

Examples

Implementation Issues

Additional Lane

High

1 Reduced risk of
overtaking
accidents.

1 Improved traffic
flow.

The start and end points of additional lanes mus
be designed carefully.

Sight distance must be suitable for the speed ¢
traffic.

Signstelling drivers when an overtaking lane i
ahead will reduce the likelihood of then
overtaking in less safe areas.

Overtaking lanes should not be installed at site
which include significant intersections or man
access points.

Vehiclestravelling in the opposite direction tg
the overtaking lane must be prevented o
discouraged from also using this lane.

Physical barriers may be required.
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Central painted
island (with
diagonal bars)

Low

Fewer headon
and overtaking
accidents.
Canprovide
refuge for
turning vehicles
away from
through traffic
lanes.

Some reduction
in speeds.
Possible (though
limited)
protection for
pedestrians.

If rumble strips, or other raised pavemen
devices are also used, the risk to motorcycle
and pedestrians (trip hazard) must be
considered.

Can be used for opportunist overtaking
opportunities increasing risk of accidents.

Maintenance of markings.
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Converting a single
carriageway road
into a dual
carriageway road

High

Separation of
the opposing
traffic flows, and
therefore
reduced head
on accidents.
Simpler traffic
movements
leading to less
opportunity for
conflict.
Redirection of
turning
movements to
safer locations.
Protection for
turning traffic.
Reduced traffic
congestion.

This treatment is costly, and other lower cos
treatments (such as median barrier installation
should also be considered.

Requires a large amount of land.

Potential to increase pedestrian and lang
change accidents.

Community acceptance of the medians tha
restrict turning movements or restrict pedestriar
movements may be an issue.
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Delineation
(includes signing,
road marking,

marker posts, etc.)

Low

Road markings
are very cost
effective.
Delineation
improvements
have been
shown to reduce
head-on road
accidents.
Helps drivers to
maintain a safe
and consistent
lateral vehicle
position within
the lane.
Reduction in
nighttime and
low-visibility
accidents.

LN v i ok
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Road markings are ignored (and physici
barriers to crossing the centre line are needed
Poorly designed or located delineators can ad(
to crash risk.

Too many signs can confuse drivers.

Road studs require an excellent quality roa
surface.

Delineation needs to be consistent throughou
an entire country.

The retroreflectivity of lines and signs is ar
important consideration for road use at nigh
and in the wet.

Maintenance of markings.
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Grade separation | High Improved traffic A range of design options should be considere
flow. before a grade separated interchange layout i
Simplifies chosen.
potentially Adding onramps and offramps to a freeway carn
complex increase high speed waving and merging
movements accidents.
typical at F Interchanges can negatively impact the
junctions and appearance of an area.
intersections. They may separate communities due to the
Can also include size.
roundabouts Difficult for pedestrians unless specific routes
for high traffic are provided.
flows. Grade separating rail crossings can involy
Removes the vertical realignment of a long length of rail trac
cost of running (because trains cannot travel on steep grades
at-grade traffic which is very costly.
control
hardware.
Horizontal High Better traffic Road rea!ignment i_s costly and t.im.e consum!n
realignment flow. because it usually involves rebuilding a sectio
: of road.
Horizontal

realignments
often include
lane widening,
shoulder
improvement,
and delineation
treatments.

Horizontal  curve  realignments  requirg
considerable design and construction effort.
These projects may also require the purchase
land.
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Intersection
visibility
Improvement-
Sight Distance

Low to
medium

Adequate sight
distance
provides time
for drivers b
identify hazards
and take action
to avoid them.
Improved sight
distances on the
approaches to
intersections
and through
curves can
reduce
accidents at
these highrisk
locations.

Good forward
visibility at
pedestrian
crossing
facilities will give
driversmore
time to react.
Rear end
accidents can
be reduced with

Sight distance improvement can be high cost
crest and/or curve realignments are required o
if the line of sight is outside the road reservs
requiring land acquisiton to remove
obstructions such as embankments, building
etc.

In some situations, such as intersectior
approaches, excessive forward visibility can lea
to high speeds on approach and take attentio
away from the intersection.

In specific cases, djustments to reduce sight
distances can be helpful in reducing approac
speeds. Care must be exercised when taking th
approach.

At intersections sight lines and visibility splay
are often required at
normal viewpoint (for &ample, in a motor
vehicle the driver may have to look through th
side windows).

Ensure traffic signs and signal heads are nd
obstructed by vegetation or street furniture.
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improved

forward visibility.

Lane Widening

Medium to
high

Additional
manoeuvring
space.

Space for two
wheeled users.

Lane widening can be costly, especially if lan
must be purchased.

Making lanes wider than 3.6 metres does little
to reduce accidents.

A lane that is too wide might be used as tw
lanes and this can increase sideswipe accidents
Because vehicle speeds increase when road
are widened, lanes should be widened only whe
it is known that the narrow lane width is causin
accidents.

Median crossing
control

Low to
medium

Reduction in
intersection
crash types.
Improves local
access.
Provides an
additional
emergency
access point
leading to
improved
emergency
service
response times.

Additional road space may be required.
If the median crossing is used to access a sid
road, then intersection considerations for cros
movements (such as visibility and stoppin
distance) will apply.

Roadside hazards need to be removed ¢
sufficiently protected.

Drainage structures and steep slopes within th
median can increase risk.

Theslopes should be as flat as possible.

If the slope cannot be made traversable,
should be protected by safety barrier.
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Shoulder sealing

Medium

Wider shoulders
provide
opportunity for
an errant vehicle
to recover.

Shoulder widening andshoulder sealing can be
done at the same time to reduce costs.
Edgelines can be improved at the time o
upgrading the shoulder (especially whe
sealing).

Shoulders should not be too wide or drivers mg
use them as an additional lane.
Sealing cdgerddopée {( &
difference between the height of the roac
surface and the height of the shoulder).

Edge drop can make it harder for vehicles whig
have left the road to get back onto the road
Pulling of the road requires coming to almost
full stop before getting off the travelled way.
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Median vehicle
restraint system
(VRS) (safety
barrier)

Medium to
high

Reduced
incidence of
head-on
accidents.
Can help to
prevent
dangerous
overtaking
manoeuvres.
Can relocate
turning
Movements to

saferlocations.

Median barriers can restrict traffic flow if g
vehicle breaks down and can block access fq
emergency vehicles.

Pedestrians are often reluctant to make detour
and may attempt to cross median.

In some regions the materials used in media
barriers may be at risk of being stolen.

The ends of median barriers must be we
designed and installed.

Clearly visible signs and enforcement ar
needed to ensure that drivers do not drive on th
wrong side of the median.

Not all barrier types will restrairall vehicle types.
Barriers may be a hazard to motorcyclists.
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Oneway system

Medium

Reduces head
on accidents.
Improves traffic
flow.

Because speeds can increase on onegay
networks, traffic calming measures may by
required (especially if thdanes are wide).
Before a network is made onevay, traffic
circulation in the area surrounding the networl
must be considered.
Converting a network to ongvay system can be
costly as it may involve rebuilding traffic signals
repainting road markings and eplacing and
adding signage.

70



South African Road Safety Assessment Methods

Volume 2 - Road Safety Assessments

Parking control

Low to
Medium

Converting angle
parking to
parallel parking
provides extra
road space.
Banning parking
lessens the
potential for
sideswipe or
rearend
accidents.

Parking at the side of a road meangedestrian
activity is inevitable.

Therefore, speed limits should not excee
50km/h where parking is provided.

Converting angle parking to parallel parkin
requires replacement of line marking.

Changes to parking signs and kerbs may also
necessary.

The community and business owners ofter
object to the removal of parking in commercia
centres.

Parked cars can obscure crossing pedestrian
particularly children.
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Pedestrian
crossing—
unsignalised

Low

A clearly defined
crossing point
where
pedestrians are
‘“expect e
Cross.
Disruption to
traffic flow is
comparatively
low.

Reduced
pedestrian
accidents if
installed at
appropriate
locations, and if
pedestrian
priority is
enforced.

Unsignalised crossigs — Not suitable where
traffic volumes or speeds are high.

Signalised crossings- compliance with signals
must be good if significant casualty reduction
are to be achieved.

Pedestrians will only use crossings located at,
extremely near, to where thewant to cross.
Pedestrian fencing can be used to encourag
use of pedestrian crossings.

Consider incorporating a pedestrian refug
island.

Throughtraffic must be able to see pedestrian
crossing points in time to stop.

Advance warning signs should based if visibility
is poor. Other high visibility devices (such g
flashing lights) may also be used.

Parking should be removed/prohibited from
near pedestrian crossings to provide adequat
sight distance.

Crossing will only be effective if other road use
give way to pedestrians. education an
enforcement may be necessary to ensur
pedestrians have priority.
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Pedestrian
crossing—
signalised

Medium

Clearly defined
crossing point
where
Pedestrians are
‘“expect €
Cross.

Reduced
Pedestrian
accidents if
installed at
appropriate
locations, and if
pedestrian
priority is

enforced.

Visibility devices (such as flashing lights) mg
also be used.

Parking should be removed/prohibited from
near pedestrian crossings to provide adequat
sight distance.

Crossing will only be effective if other road use
give way to pedestrians.

Education and enforcement may be necessary {
ensure pedestrians have priority.
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Pedestrian fencing

Low

Helps to guide
pedestrians to
formal crossing
points.

Can help to
prevent
unwanted
pedestrian
crossing
movements.
Physically
prevents
pedestrian
access to the
carriageway.
Can help to
prevent
motorists from
parking on the
footpath.

Provides useful

guidance for

visually impaired

pedestrians.

It is important that pedestrian fencing does not
obstruct the drivers’
footpath, or those about to cross the road.

The fence height, placement and constructio
material should be selected to minimise an)
potential sight obstruction between viicles and
pedestrians about to cross the road.
Consideration should be given to the design ¢
the fencing to ensure that the risk to erran
vehicles is limited upon impact.

When used at staged or staggered crossings ¢
pedestrian refuges, fences should baligned so
that pedestrians walk along the refuge in th¢
opposite direction to the flow of traffic they are
about to cross and face oncoming traffic as the
are about to leave the median.
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Pedestrian  over
bridge/underpass

High

Traffic flow
improvements.

» ,
T e

L
e e Y Vi 7 P PSP st

Pedestrians will only use crossing facilitie
located at, or extremely near, to where they wal
to cross the road.

This is particularly the case for overidges
since steps are normally involved.

Pedestrian fencing can be used to recourage
pedestrians to use crossing facilities.

Cyclists may also be able to use the facilities
ramps would be required which need more lan
space.

Personal security at underpasses should b
considered.
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Pedestrian
island

refuge

High

Separating
traffic moving in
opposite
directions to
reduce headon
and overtaking
accidents.

May slow
vehicular traffic
by narrowing the
lanes.

Ensures
pedestrians
need only cross
one lane of
traffic at a time.

Pedestrian refuge islands must belearly visible
to traffic during both day and night.

Refuge islands should be placed where there
a demand from pedestrians to cross.

Where cyclists are present, refuge islands mug
not narrow the lanes too much.

Turning movements from driveways an
intersections must be considered in planning thg¢
location of pedestrian refuges.
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Regulate roadside
activity

Low

Removal of
commercial
activity or
relocation of bus
stops at the side
of the road may
remove the
need for drivers
to take last
minute evasive
action to avoid
these.
Reduction in
VRU accidents.

Roads should be designed to allow for change
in land-use over time.

Building regulations should specify the limits
beyond which buildings must not extend.
lllegal development can only be contiied if
there are alternative sites for commercia
activity.

Where activities near the road are permitted
countermeasures may be required to maintai
safety and they should be restricted to one sid
of the road.

Restrict /Combine
Direct Accesses

Medium to
high

Reduces the
number of
potential conflict
points.
Reduces traffic
friction and
improves flow
on the main
road.

Improved traffic
management at
upgraded
access points.

In most situations, it would be difficult to justify
and fund construction of a service road on its
own merits due to prohibitive cost.

This type of project is undertaken as part of
major road duplication project.

Minor intersection closures can often be
achieved in operation with the local roac
authority, especially when sty at these
intersections has been a subject of repeate(
complaint.
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Roadside

restraint systems—
roadside
barriers)

hazard
protection (vehicle

safety

Medium

If properly
designed,
installed and
maintained,
barriers should
reduce the
severity of
accidents

i nvol vi
control
Provides
protection for
substantial
structures.

n

VRS should only be built if the existing haza
cannot be removed

The terminals or end treatments of VRS can b
dangerous if not professionally designeo
constructed and maintained.

VRS should be located to minimize high impa
angles and should also allow space for vehicle
to pull off the traffic lane.

Roadside barriers ca be a hazard to
motorcyclists.

Ensure appropriate clearance behind safet
barrier is considered particularly for flexible an
semirigid barriers.

Although concrete barriers do not deflect
allowance must be made for any hazards talle
than the barrier b be offset far enough from the
face of the barrier so that during impact vehicle
(particularly tall ones) do not lean over thg
barrier and strike the hazard.
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Roadside
removal

hazard

Low to
medium

Reduced road
furniture repair
costs associated
with crash
damage.
Improved
recovery
potential for
vehicles.
Improved
survivability of
run-off road
accidents.

The width of the safety zone required depend
on traffic speeds.

After roadside hazards are removed, th
roadside should be left in a safeondition.
Large stumps and deep holes are hazards tha
may remain after removal of a tree.
Replacement of removed trees with morg
appropriate plants should be considered
otherwise regrowth or soil erosion may affec
the site.

It is not always possible d remove roadside
hazards, particularly in urban areas where spag
is limited.

Reducing vehicle speeds is an alternativ
solution.
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Roundabout

Medium to
high

Minimal delays
at lower traffic
volumes.

Little
maintenance
required.

Crash severity is
usually lower
than at
crossroad
intersections or
T{junctions due
to angle of crash
impacts and
lower speeds
due to deflection
on approaches.

Solid structures should not be located on the
central island.

High painted kerbs around the island can reduc
the risk of it being run into.

Poor visibility on the approach to roundabouts
or high entry speeds, can lead to accidents.
Facilities to help pedestrians cross the legs ¢
the intersection should be provided in most
urban locations.

Roundabouts can be difficult for large vehicles
particularly buses, to use.

Designers should be conscious of the risk tha
roundabouts can be present for cyclists an
other slow vehicles, such as animal draw
vehicles.

Cae must be taken in the design of roundabout
to ensure adequate deflection upon approach t
reduce vehicle speeds
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Rumble strips

Low

Can be parallel
or transverse.
Warning to
motorists
approaching the
centreline.
Improved
visibility of
centrelines.
Raised
awareness on
the approach to
other hazards or
devices i.e.,
road humps.

Gaps in the rumble strips may be needed i
some areas to allow water to drain from the roa
surface.

The noise made by rumble strips can be difficu
for drivers of arger vehicles to hear.
Consideration must be given to those living nee
to the road as rumble strips can generate noise
Rumble strips can be a hazard to motorcyclists
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School zones

Low to
medium

School zones
and crossing
Supervisors can
reduce
Pedestrian risk.
School zones
aim to reduce
vehicle speeds.
School crossing
supervisors can
help to control
pedestrian
crossing
movements and
provide a safe
place to cross.

Traffic signs and road markings must make
clear to motorists that they haveentered a
school zone.

Consider incorporating flashing beacons t
complement the school zone signs an
markings.

Throughtraffic must be able to see pedestrian
crossing points in time to stop for them.
Advanced warning signs should be located ¢
approaches with adequate forward visibility.
Parking provision should be carefully considere
within school zones with adequate sigh
distances at pedestrian crossings.
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Segregated divergeg
approach side -
signalised

Low to
medium

Reduced
accidents
Betweenturning
vehicles and
oncoming
throughraffic.
Reduced
severity of
accidents
throughout the
intersection.

Adding diverge signals reduces intersectio
capacity.

It may be necessary to lengthen diverge lanes
fit longer traffic queues.

Other signalchanges can be used to improve
intersection capacity when signalised turns ar
implemented.
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Segregated divergeg
approach side -
unsignalised

Low to
medium

Reduced loss of
control while
turning
accidents.
Improved traffic
flow. Increased
intersection
capacty

Painted diverge lanes must be clearly delineate
and have good sight distance.

Diverge lanes should be long enough to allow
vehicle time to stop within it (clear of through
traffic).

If a diverge lane is too long, through drivers ma
enter the lane by mistake.

Signs at the start of the diverge lane may hel
prevent this.

Installing diverge lanes can increase the width ¢
the intersection and cause problems fo
pedestrians trying to coss.

One solution is to provide a pedestrian refug
island between lanes.
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Segregated
pedestrian
facilities

Low to
medium

Improves
facilities for
pedestrians
(improves
accessibility).
May help to
increase walking
as a mode of
transport
(environmental
benefits and
reduced traffic
congestion).
Walking can
improve health
and fitness.

Routine maintenance programme is needed t
ensure that footpaths are kept clean and leve
free from defects and to prevent vegetation fron
causing an obstuction.

Signage should be used to warn drivers (
pedestrians if the road shoulder is commonl
used as an informal footpath.

Street traders, public utility apparatus and stree
furniture should not be allowed to obstruct the
footpath.
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Segregated
facilities — bicycle/
motorcycles

Low to
medium

Increased use of
pedal and
motorcycles
(reduced road
congestion).
Associated
health and
Environmental
benefits that
come with
increased pedal
cycle use.

= =4

Onroad cycle lanes are cheaper than ofbad

paths if shoulder sealing is not required. Thoug
this does still lead to some interaction with
motorised traffic.
Traffic calming treatments or narrow roag
sections such as bridges can force pedal an
motorcycles out into traffic, resulting in coniits.

Parked vehicles may also force pedal an
motorcycles out into main traffic, and so parkin
enforcement is very important for the success ¢
on-road lanes.

Surface quality must be high or it will pose

safety risk.

Cycle lanes should benaintained to ensure that
it is preferable to use the facilities rather thar
the shoulder or roadway.
Maintenance includes repairs to the pavemen
surface and vegetation clearance.

Adequate sight distance must be provide
around bends and at path intersegons.

This also aids personal security.

Cycle paths should be clear of obstructions an
service covers. This includes keeping othe
such as vendors and adjacent land owners fror
encroaching on the path.

Where an obstruction is necessary,
it should be madeobvious, and lines should be
used to guide cyclists safely past.
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Adequate crossing facilities need to be provideg

Service road

High

Can reduce the
number of
conflict points
(intersections)
along a route.
Can be used by
local traffic and
vulnerable road
users as an
alternative to

the (often higher

speeds and
higher volume)
main road.
Safer loading/
unloading of
commercial
vehicles.

Service roads require large amounts of space.
Where space is limited, a service road may f
behind the properties.

Parking and other potential visual obstruction
should be carefully controlled where servic
lanes rejoin the main road.
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Shoulder sealing

Medium

Wide shoulders
allow vehicles to
pull off the road
in emergency
situations.
Sealed
shoulders can
provide a cycling
space and can
be marked as
cycle lanes.
Provide
structural
support to the
road pavement.
Sealing can
reduce
drop’

Edge drop can
make it harder
for vehicles to
get back onto
the road.

Shoulder widening and shouldesealing can be
done at the same time to reduce costs.
Edgelining can be improved at the time o
upgrading the shoulder (especially whe
sealing).

Shoulders should not be too wide, or drivers me
use them as an additional lane.

Controls may be necessaryo prevent informal
businesses from using shoulders.
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Shoulder sealing

Medium

Wide shoulders
allow vehicles to
pull off the road
in Emergency
situations.
Sealed
shoulders can
provide a cycling
space and can
be marked as
cycle lanes.
Provide
structural
support to the
road pavement.
Sealing can
reduce
drop’

Edge drop can
make it harder
for vehicles to
get back onto
the road Wide
shoulders allow
vehicles to pull
off the road in
Emergency
situations.

Side slopes should be freeof hazards and
objects that may cause vehicle snagging.
Maximum traversable gradient is 1:3.

On downward slopes, a clear ruaut area may
also be required at the base of the slope.

The provision of traversable side slopes mg
require the removal of natie flora, which can
result in erosion, sedimentation of waterway
and removal of animal habitats.

The provision of traversable side slopes meg
have property impacts and require extensiv
land acquisition.

In areas where the side slope transitions from a
upward slope to a downward slope (and vic
versa), the rate of change in gradient of th
crossfall should be gradual to ensure that the
side slope can be traversed
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Side
improvement

slope

Medium

This will reduce
the likelihood of
rollover in a run
off road/ loss of
control crash
and may also
reduce the
severity of these
types of
accidents.
Flatter side
slopes are
generally less
likely to erode.
The cost of
providing a
traversable
slope maybe
less than the
cost of
establishing and
maintaining
steep slopes.

Side slopes should be free of hazards an
objects that may cause vehicle snagging.
Maximum traversable gradient is 1:3.

On downward slopes, a clear ruaut area may
also be required at the base of

the slope.

The provision of traversable sideslopes may
require the removal of native flora, which ca
result in erosion, sedimentation of waterway
and removal of animal habitats.

The provision of traversable side slopes meg
have property impacts and require extensiv
land acquisition.

In areas whee the side slope transitions from ar
upward slope to a downward slope (and vic
versa), the rate of change in gradient of th
crossfall should be gradual to ensure that the
side slope can be traversed.
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Signalisation

Low
medium

to

Can increase
intersection
capacity.

Can reduce
certain types of
accidents
(especially right
angle
accidents).

Can improve
pedestrian and
cyclist safety.

Signalising an intersection may have no safef
benefit where compliance is poor and cal
reduce the capacity of anntersection.

Drivers need to be educated so they understan
the meaning of the signals.

Signals used at intersections with low traffi
flows and fixed timings are likely to b
disobeyed.

Welldesigned traffic signals will usually reduct
total accidents bu will sometimes increase
specific (low severity) crash types (e.g., reend
accidents).

Traffic signals should not be used in high spee
locations.

In urban areas it can be difficult to ensure tha
traffic signals have sufficient visibility.

Before instdling traffic signals, information on|
traffic volumes, pedestrian volumes
intersection approach speeds and previou
accidents at the site should be considered.
Traffic signals need continuous power.

Traffic signals and vehicle detection equipmer
are prore to malfunction so good maintenance
is required.
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Signing

Low

Signs help
drivers to adjust
their behaviour
to deal with
approaching
hazards or
decision points.
If reflective, they
can help reduce
nighttime/ poor
visibility
accidents.

Poorly designed or located signs can add t
crash risk.

The message they convey needs to be clear ali
unambiguous

Too many signs can confuse drivers.

The retroreflectivity of signs is an important
consideration for road use at night and in the
wet.

Maintenance d signs in rural and isolated areas
can be problematic.

Signs may be stolen in some areas.
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Skid resistance

Low
medium

to

Improved safety
for roads where
many accidents
happen in wet
weather.
Resurfacing
provides an
opportunity to fix
other road
surface
problems, such
as crossfall and
rutting.
Provides the
opportunity for
adding or
replacing road
surface
delineation such
as painted
markings or
reflective road
studs.

Can extend life
of pavement
surface.

Skid resistance improvements gained b
retexturing and resurfacing will lessen over time
especially on roads with lots of heavy vehic
traffic and in tropical climates.

As such, regular monitoring of skid resistance
important.

The skid resistance of the entire road surfac
(right up to the edge)should be maintained for
the safety of bicycles and other slownoving
vehicles.

Warning signs should not be considered
solution to the problem of poor skid resistance.
Warning signs can be used temporarily, unt
other solutions are carried out.

Existirg road surface must be sound therefore
prespatching and repairs may be necessary prig
to application.

These treatments will not typically add an
strength to the road pavement.
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Retexturing has
environmental
benefits
(Lowercost and
energy) over
some traditional
hot mix asphalt
resurfacing.
Often quick and
repeatable
Treatments with
low traffic
disruption.

In most cases
roads can be
driven on
immediately
after
application.
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Speed
management

Medium

Reductions in
travel speeds
save lives and
prevent injuries.
Lower speeds
can reduce the
severity of all
accidents.
Reduced speeds
will also reduce
the likelihood of
accidents
occurring.

The wider
benefits of
reducing speeds
include
improved fuel
consumption,
lower
greenhouse gas
emissions and
less traffic

Reduced speed limits need to be signed clear
and repeater signs used to remind road users ¢
the speed limit.
Road engineering treatments should ideall
accompany reduced speed limits to encourag
compliance.
Enforcement may be necessary to achieve
compliance.
Speed limits should appear credible so tha
drivers will adhere to them.
Where there is a significant drop in speed lim
(e.g., on approach to a village/urban area
gateway treatments are recommended (thes
use a combinaton of treatments including
prominent signs, road markings, pincpoints,
coloured surfacing to make the change in roa
type clear).
Vertical traffic calming measures (e.g., spee
humps, bumps and tables) should only be use
in lowsspeed environments.

o Horzontal traffic calming measures

(e.g., chicanes and pincipoints) may
offer significant benefits.

Traffic calming devices can impede emergend
vehicles and cause discomfort for bu;
passengers.
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Some traffic calming devices are hazardous t
motorcyclists.

Caommunity support and consultation s
recommended before speed limits are change
or traffic calming installed.
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Street lighting

Medium

Street lighting
helps to reduce
nighttime
accidents by
improving
visibility.

Can reduce
pedestrian
accidents by
50%.

Can help to aid
navigation.

Street lighting
helps people to
feel safe and
can help to
reduce crime.

Route lighting
can help to
reduce glare
from vehicle
headlights.

The provision of street lighting poles ca
introduce hazards to the roadside.

Frangible poles should be considereg
particularly in areas where there is loy
pedestrian activity. Alternatively, the poles ca
be protected by roadside safety barrier.

It is important to achieve the correct spacing g
lamp columns to prevent uneven lightingevels
along a route.

The provision of street lighting requires a
electricity supply and is associated with ongoin
power costs. Solar panels may be considered &
an alternative power supply.

Adequate clearance must be provided t
overhead lines.

Low pressure sodium lamps may be used t
reduce light pollution particularly in urban areas
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Right turn lanes—
signalised

Low
medium

to

Reduced
accidents
between turning
vehicles and
oncoming
throughraffic.

Reduced
severity of
accidents
throughout the
intersection.

Adding turn signals reduces intersectio
capacity.

It may be necessary to lengthen turn lanes to f
longer traffic queues.

Other signal changes can be used to improv
intersection capacity when signalised turns ar
implemented.
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Right turn lanes —
unsignalised

Low
medium

to

Reduced
accidents
between turning
vehicles and
oncoming
throughraffic.

Reduced
severity of
accidents
throughout the
intersection.

Painted turn lanes must be clearly delineate
and have good sight distance.

Turn lanes should be long enough to allow
vehicle time to stop within it (clear of through
traffic).

If a turn lane is too long, through drivers ma
enter the lane by mistake.

Signs at the start of the turning lane may hel
prevent this.

Installing turn lanescan increase the width of
the intersection and cause problems fo
pedestrians trying to cross.

One solution is to provide a pedestrian refug
island in the median. Adding turn signals
reduces intersection capacity.

It may be necessary to lengthen turn laes to fit
longer traffic queues.

Other signal changes can be used to improv
intersection capacity when signalised turns ar
implemented.
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Vertical
realignments

curve

High

Reduced risk of
vehicle
equipment
failure (steep
grades).

More uniform
traffic flow.

Vertical curve realignments require a lot @
design and construction effort, and a lot of time
and money.

It is much better to design the road well before
is built than to rebuild it.

Horizontal and vertical alignments should b
considered together.

Poor combinations of vertical and horizonts
alignment can confuse drivers and lead ftt
dangerous situations.
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APPENDIX WZ: NETWORK LEVEL ASSESSMENT FIELD
INVESTIGATION FORM
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METWORK LEVEL ASSESSMENT FOrRM RECORD SHEET
Assessment route

AssessmEnt SECTION co e e e e e RAMS description .o
=T o Lo T
gl [ < T T | SO OSSNSO

0w T L T T g o o OO OO
BT TS I B 1 oot e e e e e et ettt em e e e e e eae e
L T LB T oo oo e e e e e e e e e et e et em e e e meen

DL T I T B T T <ot e e e oot e e e et oo e e e oo e e e e eeem e enn

General prevailing conditions

Section type (urban, rural, semi-urban)
Mark one

Urban

Rural

ooo

Semi-urban

Road type (single, carrimgeway, freeway]
Mark one

Single carriageway

Dual carriageway (non-freeway)

2 000

Freeway

Functional clossification occording to TRH 26 (R1, R2, R3, R4, RS, Rb, U1, U2, I3, U4, U5, Ua)
Mark one R_ u_

Class 1 J i

Class 2 (I o

Class 3 Q o

Class 4 () J

Class 5 (= J

Class 6 (- 3

Type af development

Mark one option that comesponds to the majority of the sedtion and note any exceptions, their nature, exdent and location.
Majority  Exceplions Notes regarding exceptions

Pedestrian area (e.g., school, or shopping area) L I |
Residential (I 2
Commercial (I 3
Adjacent service road (- (I
Undeveloped (= [

If you marked pedestrian area (as a majority or exception) please describe the nature of the high
pedestrian use area (schoal, shopping, etc.) and its location. Mote any important chservations suck
as distance from road, parking provision, pattern of use etc. (e.g., dropping off/picking up habits o
parents at a school, high number of taxis dropping off people at shopping area).
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Number of through lanes
Mviark one option that comesponds tothe majority of the section and note any exceptions, their nature, exdent and location.
Majority  Baeptions Motes regarding exceptions

1 =) [ O
2 () C0 e,
3 (= I
More than 3 () e
Lane width

Miark one option that comesponds to the miajority of the section and note any exceptions, their nature, extent and kocation.
Majority  Bweptions Motes regarding exceptions

2.75m ] B e
3.2m J B e
3.7m () B
Other (please specify) J B e
Environment

Miark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location.
Najority  Baepions Motes regarding exceptions

Open feel (undeveloped or development more

than 20 m from edge of road) I | T
Closed feel (buildings or trees within 20 m

of the side of the road) I | T
Transitions

Transitions - speed limit changes
Mo speed limit changes

Speed limit changes with no clear signing I | L0
Clear speed limit signing only (= L] e
Clear speed limit signing and gateway treatment (| I

Clear speed limit signing, gateway treatment
and additional engineering treatments to reduce

vehicle speeds 1 | T
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Speed limits
Speed limit {km/h)
Yes Mo Motes

Speed limit set according to

SARTSM Volume 2, Chapter 20 (I | I

Niark one option that comesponds tothe majority of the sedtion and note any exceptions, their nature, extent and location
Najority  Bwceplions Motes regarding exceptions

30 [ 1
40 [ kd
50 =] B ——
60 [ B e
70 [ 1
20 [ 1
50 (1 | 1
100 [ | B e
110 .l T
120 [ | I
Unknown [ | B e
Other (please specify) 3 T
Speed limit compliance

viark one option that comesponds tothe majority of the sedtion and note any exceptions, their nature, extent and location
Miajority  Baoeplions Motes regarding exceptions

Poor compliance with speed limit [ | L e
Good compliance with speed limit [ | 1
Low speed limits (50 km/h or below) - road engineering treatments

Speed limit higher than 50 km/h [ |

Mark one option that corresponds to the majority of the section and note any exceptions, their
nature, extent and location

Majority  Bacephions Motes regarding exceptions

Mo traffic calming (horizontal or vertical) 3 1
Poor quality traffic calming [ | [
Good quality traffic calming J L

Signing and road readability

Signing and road markings

iark one option that comesponds tothe majority of the sedtion and note any exceptions, theirnature, extent and location
Majority  Bxceplions Motes regarding exceptions

Poor signing and markings (] I

Good signing and markings (I Cd
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Readability of the section
Miark one option that comesponds tothe majority of the section and note any exceptions, their nature, extent and location
NMajority  BExoeplions Motes regarding exceptions

Road characteristics inconsistent

and not easily understood by road users | L
Road characteristics consistent

and easily understood/read by road users | T
Forward visibility

Miark one option that comesponds tothe majority of the sedtion and note any exceptions, their nature, extent and location
Majority  Bxoeplions Motes regarding exceptions

0—70 m (low visibility) [ B
70—150m 0 I R
150—225m ol 1
225—-300m (1}
300 m + (high visibility) (| B3 e
Curves

Curve type

Pviark one option that comesponds tothe majority of the section and note any exceptions, their nature, extent and location
NMajority  Bxoeplions Motes regarding exceptions
Section mostly straight with no curves

Curves are slight
Curves are sharp

Curve guality

Mo curves

Curves all at good standard

There are notable problems {marked below)

Miark all that apply to the majority of the section and note ary exceptions, their nature, extent and location
Majority  Exceptions Motes regarding exceptions

000 000

Curves are inconsistent along section () U
Curves are difficult to drive at prevailing

traffic speeds J |
Poor advance warning/signing W | B
Presence of curve hidden (1 ™

Road sides

Safe zone (area at side of road that is clear of obstacles, slopes and embankments)

Miark one option that comesponds tothe miajority of the section and note any exceptions, their nature, extent and location
Majority  Exceptions Motes regarding exceptions

None J

Safezone0-4m 3 o
Safezoned-10m (| B
() I

Safe zone 10 m+

N
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Vehicle restraint systems [VRS)
Mark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and kocation
Majority  Baeplions Motes regarding exceptions

No VRS C3
Poor quality VRS |
High quality VRS = T O
Slape

Mark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location
Majority  Baeplions Motes regarding exceptions

1:3 or more (steep) (1} 1
1:3 to 1:5 (moderate) (1} G e
1:5 or less (flat) (o B

Intersections and accesses

Intersection type
Mo intersections J

Miark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location
Majority  Baeplions Motes regarding exceptions

N
N

At-grade non signalised, no road markings
At-grade non signalised intersection,

road markings

At grade signalised intersection
Roundabout

Merge/diverge

Grade separated

Other (please specify)

0ooooo
000000

Turning lanes/widening

Mo at-grade intersections

Mark the options that corresponds to the majority of the sedtion and note any exceptions, thelr nature, extentand location
Majority  Beeplions Motes regarding exceptions

0

Right turn lanes/widening provided to assist

traffic turning across opposing flow () ™
Left turn lanes/widening provided to assist

left turning traffic flow 3 ™
No turning lanes/widening provided J T T

Intersection density
Mark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location
Majority  Baeplions Motes regarding exceptions

Mo intersections) (| I
Low [spaced more than 5 km apart) o B
Medium (spaced 1 - 5 km apart) (I ) B
High {spaced less than 1 km apart) (1} B e
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Legibility/visibility (for users crossing the road or turning across the intersection)

Iviark one-option that comesponds tothe majority of the sedtion and note any exceptions, theirnature, extent and location
Majority  Bxeptions Motes regarding exceptions

Good legibility of the presence

of the intersection and priorities (| 1
Poor legibility of the presence
of the intersection and priorities L Bl e

Legibility/visibility (for users of the secondary road)

Miark one option that comesponds to the majority of the sedtion and note any exceptions, their nature, extent and location
Majority  Buweptions Motes regarding exceptions

Good legibility of the presence

of the intersection and priorities (] Bd e
Poor legibility of the presence

of the intersection and priorities I | I RO
Access density

Iviark one option that comesponds tothe majority of the sedtion and note any exceptions, theirnature, extent and location
hagjority  Baeptions Motes reganding exceptions

Mo accesses (I L
Low (spaced more than 1000m apart) [ e
Medium (spaced 100m-1000m apart) (1) B
High (spaced less than 100m apart) () |

Vulnerable Road Users

Pedestrian - presence
fviark one-option that comesponds tothe majority of the sedtion and note any exceptions, their nature, extent and location

Majority Exceptions Notes regarding exceptions

None .} |
Low (less than 30 in busiest hour) () e
Medium (50-200 in busiest hour) () ™
High {200+ in busiest hour) () T

Cyclist - presence
Miark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location

Majority Exceptions Notes regarding exceptions

MNone (] >
Low {less than 50 in busiest hour) () e
fedium (50-200 in busiest hour) () B
High {200+ in busiest hour) 3 T
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Motorcyclist - presence
Mark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location

None () Qs
Low (less than 50 in busiest hour) () M s
Medium (50 - 200 in busiest hour) (1 | = R S S A
High (200+ in busiest hour) (. ™
Pedestrian facilities

Mark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location
Majority ~ Exceptions Notes regarding exceptions

N/A - No pedestrian demand evident (] & oo
Good quality, continuous footpaths

and crossings provided where required [}
Good quality, continuous footpaths

are provided without crossings (.
Crossings are provided without footpaths ()
No pedestrian facilities provided ()
Cyclist facilities

-------------------------------------

-------------------------------------

000 O

.....................................

N/A— No cyclist demand evident ()} B s
Good quality, continuous cycle lanes provided (%} B
No cyclist facilities provided (] [ S —
Motorcyclist facilities

Mark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location
Majority  Exceptions Notes regarding exceptions

N/A - No motorcyclist demand evident () I O
Good quality, continuous motorcycle

lanes provided () B  cicsnvieasns
No separate facilities, but adequate

space on roadway () ™
No motorcyclist facilities provided (. . ..
Parking

Mark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location

Parking provided on street () ™
Parking provided off street | |~ .
No parking provided - no need (. M oscsssesnans
No parking provided - clear need (. M Ciseceeimuss

108




South African Road Safety Assessment Methods
Volume 2 - Road Safety Assessments

Median

Median treatment

Miark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location
Majorty  Baoeplions Motes regarding exceptions

Unmarked [ | Cd e
Surface treatment, e.g., rough surfacing L3 Ed e
Road markings a T
Separation (. I
Separation with physical features, e.g., kerbing (I o
Median barrier (guardrail or rope barrier) o o
Median barrier [Rigid - New lersey type concrete) 3 o

Obstacles in median

Mark one option that comesponds to the majority of the section and note any exceptions, their nature, extent and location
Majorty  Baeplions Motes regarding exceptions

DObstacles present in median () e

Dbstacle free median () IR
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PREFACE

TRH 29 consists of three mutually supporting volumes related to successive
diagnostic practices to improve road safety on the South African road network.
These volumes are:

1 Volume 1: Network screening

1 Volume 2: Road Safety Assessment

1 Volume 3: Road Safety Audit (This volume)
The South African National Road Safety Strategy 202630 (NRSS) accepted the
vision of “Safe and SecurcentrilRte todasdsthe Sout h
reduction of an unacceptable global road safety problem that claims the lives of
some 1,3 million people annually. NRSS aims to addregs problem on a national
scale across different subject areas. This document will fall underettsafer Roads
and Mobility theme ndDecatlehoéActidmfortRead Sdfetyt i ons
2021-2030. One of the strategic themes adopted for achieving Safer Roads is the
implementation of a Road Safety Audit Programme on new and upgrade road
infrastructure projects.

Volumes 1 and 2 of TRH 29 provides guidelines on applying curative methods for
the identification and improvement of hazardous locations, roads, and routes. They
also provide proactive assessment methods for the identification and treatmewit
road safety deficiencies.

Network screening(\VVolume 1) is a process for reviewing a transport or road traffic
network with the objective of identifying and ranking sites from most likely to least
likely to realise a reduction in accident frequency follving the implementation of
appropriate safety improvement measures.

Road Safety Assessmeniv/olume 2) is a twdiered process, namely:

3) Network Level Assessment (NLAyhich is a routine, programmed and
systematic field survey on existing roads to identifisk factors that can be
mitigated against to achieve enhanced safety, and

4) Road Safety Inspection (R¥lis an expert assessment of the road
environment conducted in response to an identified road safety issue on a
section of the road network. RSI involvesn expert and indepth review of
the safety of existing roads. Apart from identifying safety problems, the
assessment team should be looking out to identify and recommend viable
and costeffective measures which will improve safety.

Road Safety Audit(\Volume 3) provides guidelines on Road Safety Audi a
systematic assessment of plans for new road schemes (including on existing
roads), intended to ensure that new roads have the lowest attainable accident
potential across all road uses.

The audit process aims to avoid future accidents by removing unsafe features
before they are constructed and to build in safety features that will limit casualty
severity to the minimum possible.
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Road safety auditing can be traced back to the mitb80" s when acci d
investigators in the United Kingdom (UK) became concerned that even newly built

road projects were included on the count
development of a policy requiring that the design of road projects should be

reviewed by a departmental road safety engineering team prior to the construction

thereof. It was found that this review process improved the road safety performance

of road projects. Through formalization of this process the principle of road safety

audits was established. The success of this process was replicated by parallel
developments in road safety auditing in Australia.

Road Safety Audit is a proactive road safety engineering tool based on the
philosophy that road authorities do not have to wait féhe accumulation of serious
injury and fatal accidents statistics before positive steps can be taken to reduce
the risks of such. It plays a significant role in ensuring that the road environment is
forgiving, selfexplaining and provides for the needs ddll road users while being
aligned with the principles of

Road safety audits may be conducted at all stages of the life cycle of a roads or
traffic related project (on existing roads, from conception to the final constructed
project, as well as after opring to traffic). Given that South Africa is currently in a
process of road safety audit capacity development, road authorities should
endeavour to introduce road safety audits at the earliest possible stages of specific
projects— this will provide the hghest road safety return on such investment.

A road safety audit is conducted by a qualified and experienced road safety audit
team led by a road safety audit team leader recognized as a specialist road safety
engineer and accredited such by the EngineegnCouncil of South Africa (ECSA).
The size of the road safety audit team is determined by the size, complexity, and
stage(s) of the project to be audited. The audit team leader is the lead auditor that
is responsible for compiling the road safety audit rept and representing the audit
team in engaging with the client (the road authority or project owner). The audit
team members assist, collaborate, and contribute to the road safety audit.

The successful implementation of the entire road safety audit procesind the
implementation of the remedial measures recommended by the road safety audit
team would make a meaningful contribution to ensure that road safety problems
are not repeatedly introduced on the road network.

It is our firm belief that the South Afcan Road Safety Assessment Methods 2022
manual, (this TRH 29) would pave the way for our real contribution to meeting the
objectives of the NRSS and of the UNDOAZ2.
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OVERVIEW OF VOLUME 3: ROAD SAFETY AUDITS PART A

TRH 29 Volume 3: South African Road SafeAudit (as part of SARSAM2022)
consists of two mutually supportive parts, PaA, and PartB.

PARTA: POLICY AND PROCEDURES

Part A addresses road safety audit policy for utilization on the South African public
road network and describes the managemenprocedures associated with road
safety audit in South Africa.

Part A introduces road safety auditing including a short background to the Safe
System Approach which is industry best practice at the time of writing, and which
underpins the road safety audiprocess described in SARSAM2022. Part A also
describes the management process for the appointment of the road safety audit
team, the oversight required and the receipt of the road safety audit report from
the audit team. It recognizes the need to consideecommendations made in the
road safety audit report and to respond to the recommendations in the road safety
audit report in a clear and unambiguous manner and to identify remedial measures
to be implemented or the reasoning why deviation from the reconended remedial
measures was deemed necessary.

PART B: CONDUCTING ROAD SAFETY AUDITS

Part B is a continuation of Part A and describes the road safety audit process from
the viewpoint of the road safety audit team focusing on what needs to be done
at each stage of the process.

Part B describes the responsibilities of the different parties to the road safety audit
process with emphasis on the responsibilities of the road safety audit team. It
introduces the Safe System Approach as the basis for conducfiroad safety audits

in contrast with the system that had been described in the"?edition of the Road
Safety Audit Manual (SARSAM2012). Part B also describes the risk assessment
procedure which in SARSAM2022 becomes the responsibility of the road safety
audit team.

Part B describes the different types and stages of road safety audits in more detail
and the different reports that result from road safety audit. It indicates how these
different road safety audit reports lead to the final client dispositioreport that
records the acceptance of remedial measures for individual road safety concerns.
Part B also includes a case study for a design stage road safety audit as well as a
typical road safety audit report and prompt lists as guidance to the road safetudit
team.

Part B includes an appendix containing typical road safety concerns intended to
sensitise the road safety audit team on concerns that can be observed regularly,
and which may have been considered appropriate prior to the implementation of
the Safe System.
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PART A: POLICY AND PROCEDURES

1 Introduction

1.1 Road safety perspective

Road deaths and trauma is a global public health problem whislkeriously impacts

the global economy. The World Health Organization (WHO) estimated that the annual
number of road traffic fatalities amounts to 1.35 million fatalities. This results in a
fatality rate of about 18 fatalities per 100000 population. Road taffic injuries are

the 8t leading cause of death for all age groups and the leading cause of death for
people in the age group of 5 29 years. Pedestrians and cyclists represent 26% of
all fatalities worldwide but increase to 44% in Africa.

The Road Trdic Management Corporation (RTMC) recorded a total of %23 road
accidentrelated fatalities in South Africa during 2019. The comparable loss of lives
on South African roads varies between 24 26 people per 100000 population.
Pedestrians and cyclists rpresented 41,5% of road accident fatalities, which is
significantly higher than the global proportion of such fatalities.

The cost of accidents is an enormous soceconomic burden placed on a developing

low-and middleincome country, already strugglingt er adi cat e poverty.
estimated 2015 cost of accidents in South Africa adjusted for 2019, is estimated to

exceed R174Billion. which is more than 3.4% of the South African GDP.

1.2 Road safety strategy

Prior to 2004 little had been done to elevateaad safety concerns on a global scale,

until the | auRoadSafety is no aceidef-lcamipaagh. In“2009, the
WHO and the World Bank (WB), published t h
-Time for Action’, h i gheadlth lguideéniohrgad dehtles, gr o wi

especially in the developing world.

The Global Status Report made a powerful case for urgent measures to address the
road safety problem as a global development priority.he report resulted in the
United Nations General Assably (UNGA) proclaiming the period 2011 to 2020 as
the Decade of Action for Road Safety (UNDoA) with a goal to stabilise and then reduce
the forecast level of road traffic fatalities around the world by 50 % through increased
safety remedial activities coducted at country, regional and global levels.

The Global Plan to implement the UNDoOA provided for a road safety model of five
strategic pillars targeting:

i. Road safety management,
ii.  Safer roads and mobility (Infrastructure)
iii.  Safer vehicles
iv.  Safer road users
v. Postaccident response
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The Stockholm Declaration in February 2020 recognized that the goals of the
UNDOA would not be met in time and adopted various resolutions to improve road
safety, encouraging the UNGA to endorse these resolutions.

UNGA in August 20210 endorsed the Stockholm Declaration and declared the
period 2021 to 2030 the 2nd UN Decade of Action for Road Safety (UND0A2) with
a goal to reduce the number of fatalities and serious injuries by 50 % by 2030. The
resolution encouraged UN Member Statesa., to:

1 Meet the road safety targets contained in the 2030 Agenda for Sustainable
Development,

1 Ensure political commitment to develop and implement road safety strategies
and plans.

1 Invite the adoption of comprehensive legislation on key road safdactors.

1 Include road safety as an integral element of planning and design
underpinned by a Safe System Approach,

1 Promote road safety knowledge and awareness.

1 Strengthen institutional capacity, i.a., relevant to infrastructure
improvements,

1 Givespecial attention to the safety needs of vulnerable road users, such as
pedestrians and cyclists as well as children, youth, older persons, and
persons with disabilities,

1 Actively protect and promote pedestrian safety and mobility,

1 Investin road safety atll levels including allocation of dedicated budgets for
institutional and infrastructure improvements.

South Africa adopted the National Road Safety Strategy 2016 to 2030 (NRSS) with

t he viSafeandSecureRbads. The NRSS conftoraised wi t h
in the UNDoOA and the Global Action Plan five pillars model. The strategy emphasises

the fact t hat road safety is everybody’ :
collectively. This principle is embodied in the Safe Systems Approach which also
underpins the Global Action Plan. The NRSS identifies key challenges and strategic

themes for each of the five pillars of the Global Action Plan.

The strategic themes for Pillar 2: Safer Roads and Mobility (relating to
Infrastructure), which is the pillarelevant to road safety audit as an intervention,
are:

1 Identify and address high road safety risk locations,
1 Provide selfexplaining and forgiving road environment,

10 UN General AssemblResolution 74/299, August 31, 2020
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1 Implement road safety audit programme on new and upgraded
infrastructure.
It is against his background that SARSAM2012 has been updated to reflect current
best practice which is incorporated in SARSAM2022.

Safe System Approach

The Safe System Approach towards the improvement of road safety reflects current
best road safety engineering manageent practice and has been adopted by
numerous road authorities worldwide. It also forms the core principle in the NRSS.
The Safe System Approach to road safety improvement or Safe System can be
defined as:

A road safety approach which recogses that
road users will continue to make mistakes and

that roads, vehicles and speeds should be
designed to reduce the risk of accidents and
to protect them in the event of an accident.

This definition comprises four essential componeritswhich together reflect a
holistic view of road safety, namely:

9 Safe roads and roadsides
1 Safe speeds

9 Safe vehicles

9 Safe road users

11 postCrash Care represents a fifth Safe System component but relates to the medical response and
treatment of the injured and the postcrash rehabilitation. This largely falls outside the Transport Sector.
The subcomponent that may be ascribed to the Transport Sector could be referred to as RGsash
Response which may be defined as the accessibility of medlaar trauma practitioners to an accident
scene to reduce the likelihood of death through the provision of prompt medical care in the golden hour.

3
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Figurel-1: Safe System components

The Safe System Approach has at its core the need to constrain accident forces
within the limits of human tolerance. Road infrastructure should be forgiving and
consider the vulnerability of the human body to avoid death or serious injury in the
event of an accident. The primary strategy supporting the Safe System Approach
lies in the concept of survivable speeds. This becomes the guiding design principle
in the drive toDesign for Safety rather thanDesign to Standards

Fundamental to the Safe System Appach is designing a road or traffic scheme
that contributes towards the tolerance of the body to sudden changes of
momentum or kinetic energy to avoid fatal and serious injury (FSI) accidents based
on the following concepts:

1 Functionality roads should be physically and visually different to
demonstrate their differing functions,

1 Homogeneity there should be limited interaction between road users
travelling at different speeds, in different directions and between vehicles
and road users of different mass otype,

1 Predictabilty:r oads shotwlxgpl lae ni gl f and t
rules should be clear to road users,

1 Forgivingnessiroads and roadsides should be forgiving in the event of an
accident and accommodate driver error,

i Status awarenessroad users should be able to assess their own capability
of performing the driving task.

he

f
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The Safe System Approach presumes that loss of life is never an acceptable price
to pay for improved mobility. It reiterates that humans make mistakes, and that
from an ethical and moral point of view, should not be killed, maimed, or seriously
injured because of road traffic accidents (RTAs). Designers and planners of the road
traffic system therefore has a responsibility to design the system in a manner that
prevents thisroad related trauma.

Development of the road safety audit (RSA) concept

Road safety auditing can be traced back to the mid9 8 0" s when
investigators in the United Kingdom (UK) became concerned that even newly built
road projects were included ot he country’s black spo
development of a policy requiring that the design of road projects should be
reviewed by a departmental road safety engineering team prior to the construction
thereof. It was found that this road safety n@ew process improved the road safety
experience. Through formalisation of this process the principle of road safety audit
was established. The success of this process was replicated by parallel
development of road safety auditing in Australia.

The firstroad safety audit manual was published by the Institution of Highways and
Transportation in 1990 as guidelines to conduct road safety audits and to improve
awareness and encourage the use of the process. The benefits of road safety
auditing as a proactiveaction to improving road safety is recognized across the
world. Numerous countries developed their own road safety audit guidelines based
on the UK and Australian (AUSTROADS) documents. Such guidelines have also
been developed by organisations such as thaultilateral development banks, e.g.,

the African Development Bank (AfDB), as well as regional economic cooperation
such as Central Asia Regional Economic Cooperation (CAREC).

South Africa published a Road Safety Manual (SARSM) in1999 which addressed a
broad range of road safety engineering issues, including road safety auditing in
Volume 4 of SARSM. Volume 4 was extracted and updated as a statwhe road
safety audit manual and published in 2012 as the second edition of the South
African Road Safety AudiManual, (SARSAM2012). Extensive development has
since taken place in road safety engineering. This includes adopting the Safe
System Approach in the improvement of road safety, Vision Zero (Swedish road
safety strategy), the principles of survivable spesdand forgiving roads and the
global acceptance of the principle of shared responsibility for the improvement of
road safety. These principles have also been adopted by South Africa as reflected
in the NRSS and are being incorporated in the current updagimf SARSAM2012
toward the publication of the & edition of the South African Road Safety Audit
Manual, being published as TRH29 Volume 3 in SARSAM2022.

aceci
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1.5 Application of the Safe System Approach in RSA

The adoption of the Safe System Approach (SSA) asiaportant driving principle

in improving road safety in South Africa also has a profound effect on road safety
audit. In the past, the road section subjected to a RSA often had been assessed
against a background of the applicability of typical design stdards to reduce
accidents. The core principle for applying the Safe System Approach lies in the
recognition of the vulnerability of the human body and its limited tolerance to the
forces acting upon it during an accident. The application of the Safe System
Approach in road safety audit provides a different focus on the identification of road
safety concerns compared to the current SARSAM2012.

Applying the Safe System Approach to road safety audit increases the importance
of identifying potential hazards irthe road environment combined with assessing
safe speeds or survivable speeds in the road safety audit process, rather than
merely assessing potential road infrastructure hazards as the primary focus of a
road safety audit.

‘Sur vi v ab lissthe sqeslalabspBy underpinning the success of the Safe
System Approach as proven in the Swedish Vision Zero strategy.

Survivable speeds refer to the speed threshold above which the risk of a fatal or
serious injury rapidly increases and differ depending on thgpte of accident. These
speeds have been postulated by Wrambdi®y and are shown in Figure 1.2.

Auditing against the background of survivable speeds for different types of
accidents requires that the auditor review these risks as a core responsibility during
the audit. This requires the assessment during the audit process to focus on
identifying andmanaging risk based on:

1 Exposure to conflicts typically associated with different accident types
contributing to serious injuries and fatal outcomes.

1 Likelihood of such an accident occurring,

1 Severity of the accident should it occur.
Numerousstudies on changes in speed limits or recorded average speeds correlate
with changes in fatal and serious injury accidents and should be considered when
road safety audits are conducted within the Safe System Approach. The effect of
changes in operationakpeeds should be considered when recommendations are
formulated to resolve road safety concerns.

12 Wramborg P. 2005, A new approach to a safe and sustainable road structure and street design for
urban areas , Road safety on four continents conference,
Road and Transport Research Institute (VTI), Linkoeping, Sweden. Google Scholar
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Figurel-2: Survivable speeds

The effect of such changes is widely reported in road safety engineeringaa<h.
Table 1.1 provides a generalised overview of the variation in number of accidents
and casualties with changes in the average speeds on a road section.

Tablel1-1: Changes in casualties an@ccidents resulting from a change in speed
Source: Elvik et al (2004) in PIARC Road Safety Manual

Relative change (%) in the number of casualties or accidents

SR -15% -10% 5% +5% +10% +15%
speed (%)

Casualty or

Accident

Fatalities 52 38 21 +25 +54 +88
Serious 39 27 14 +16 +33 +52
injuries

Ui 55 15 7 +8 +15 +23
injuries

Allinjured 35 25 43 +14 +29 +46
road users

el 44 32 47 +19 +41 +65
accidents

Serious

injury 32 22 12 +12 +25 +40
accidents

ity 18 42 6 +5 +12 +18
accidents

Allinjury 28 19 410 +10 +21 +32
accidents




South African Road Safety Assessment Methods
Volume 3- RSA Part APolicy and Procedures

Property
damage
only
accidents

-15 -10 5 +5 +10 +15

1.6 The Role of the RSA Team

/—

The road safety audit team reviews the project
through the eyes of all roadisers, identifying areas

of increased personal risk of injury or fatality or of
perceived undue personal risk.

The role of the client and the design team in any new or upgrading road or traffic
related project has been well defined ovele years. These two parties have the
responsibility to review all the conditions related to such a project with the objective
of implementing a project that balances the needs of the different road users or
affected communities within economic and environental constraints, whilst
retaining constructability of the project.

It is against this background that a road safety audit should be considered. Even
with the careful application of design standards by competent professionals, the
design process might not remove all hazards for road users. The objective of a road
safety auit is to identify aspects of engineering interventions that could give rise
to road safety concerns and to suggest modifications that could reduce such
concerns. A road safety audit, however, is not a check on the compliance of a
project to design standads. The role of the road safety audit team is therefore
much more a case of reviewing the project through the eyes of different raagkers

to identify areas where the roadiser may be exposed to increased levels of risk of
being involved in an accident wich could cause death or injury. This is being done
to identify aspects that may potentially contribute to incidents or accidents on the
project or potentially increase the severity of such accidents. The road safety audit
is therefore a biased review of mject safety details.

The RSA Team should work within the framework of the Safe System to identify
road safety concerns which could contribute to an increased risk of fatalities or
serious injuries. These safety concerns should be included in the roadetgfaudit
report together with appropriate recommendations to reduce this risk.

Because of the biased opinion expressed by the road safety audit team, the road
safety audit team does not give anynstruction to modify designs to reduce the
exposure to inadents or accidents. The road safety audit team contributes a road
user safety viewpoint for consideration by the design team or client road authority,
improving the degree of informed road safety decisianaking:
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The decision to accept or reject road safy audit recommendations rests with the
design team in coordination with the relevant road authority. It is possible that
these parties may disagree with the road safety audit team on the likelihood of an
accident or on the severity of the accident or kg0 the roaduser. It is also possible
that the design team may offer a different remedial measure for implementation.
The road safety audit clos®ut procedure allows for the implementation of a
scheme that would be more sensitive to the possible risksxperienced by roae
users. It is, however, essential that the decision process and the finally agreed
decision be properly recorded.

Legal exposure in road safety auditing

A concern raised about conducting road safety audits is the potential increased risk
of the road authority to be held liable in a civil lawsuit if a road safety audit identified
road safety concerns that could have contributed to an accident. However, the
contrary point of view is that a road safety audit demonstrates a proactive approach
to identify and mitigate road safety problems as defence in liability litigation.

Road safety auditors may have similar concerns arising from the possibility that

road safety concerns might not have been identified during the road safety audit

and only become clear in hindsight and the cause of the accident is revealed in a
forensic investigation.

To assist in better understanding
the vulnerabilities to risk in delict,
an overview of the legal
environment related to delict and
negligence is included in the
Appendix to Part A of this Manual.
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2 The Road Safety Audit Process

2.1 Definition of Road Safety Audit (RSA)
In SARSAM2022 Road Safety Audit is defined as:

2.2

A RSA is a formal technicassessment process of a new road
or traffic project, in which an independent and qualified team
proactively identifies potential road safety concerns that may

lead to serious injuries or fatalities of all road users and
suggests measures to mitigate suchisks applying Safe System
principles.

The RSA process results in a report describing potential safety concerns and
measures to mitigate those risks that should be considered prior to advancing to
the next stage of the design process or tphysical construction or taking over
completed construction works.

Objectives of RSA

The primary objective of the RSA process is to eliminate the risk of serious injuries
and fatalities resulting from traffic accidents that may be influenced by the road
facility or adjacent environment in new or upgrading road or traffic projects.

Secondary objectives of the RSA process include the following:

T

T

=a

Minimise the need for remedial measures after the opening of a new road
project,

Recognize the importance of safetyin road planning, design, and
implementation for all road users,

Improve the standards of road design to ensure that all road users are given
adequate protection and information with special focus on Vulnerable Road
Users (VRUSs), especially pedestrians.

Improve the awareness of road safety engineering principles,

Improve the awareness of, and contribute to, improvement in safe design
practices.

Ensure that road design is forgiving, thus allowing motorists to recover from
error, or to incur least harm wherman accident is inevitable.

Reduce the full lifecycle cost of a road project by reducing its accident cost.

Develop a culture of road safety among those responsible for the delivery and
maintenance of road infrastructure.

10
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2.3 Essential elements

The key elements of any RSA on a project encompass the following aspects:

\

1 The RSA focuses solely on safety aspects of the project,

1 The RSA is carried out by a team that is independent of thkent or road
authority, design team or the contractor,

1 The RSA is completed by applying Safe System principles to eliminate
reduce the potential for serious injury or fatal accidents,

1 The RSA is carried out by a team with appropriate experience araning,
and which understands the Safe Systempproachto improve road safety

I The RSA considers all road users,

The RSA is a formal documented process,

I The RSA requires a formal closgut response by the road authority or clien
of all identified road saéty concerns.

=

The RSA is NOT

A quality control review, a design review, or a peer review,
A judgement of the quality of a project,
A compliance check on standards, guidelines drawings and specifications,

An opportunity to redesign or to suggest changes to aspects not related tc
‘ safety concern.

An informal check, inspection, or consultation,
l 1 A means of comparing one project or option with another

= = = =

=

The Institution of Highways & TransportatiofiHT) (2008) explains that it will be
necessary for the road safety auditor to ask and report on two key questions
pertaining to the project being audited:

1 “Who can be hurt in an accident on this part of the road/rpject and
how might tandt happen?”
1 “What can be done to reduce the potent

its consequences?”
Both these questions need to be answered with reference to the principles of the
Safe System Approachnd the relevant speedregime.

11
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2.4 The Benefits of Road Safety Audits

Road safety auditing is a recognised accident prevention road safety engineering
tool that has the follaving benefits:

1 A reduction in the likelihood of accidents on the road network,

1 A reduction in the severity of accidents on the road network,

1 An increased awareness of safe design practices among traffic enginee
and road designers,

1 A reduction in the need to modify projects after they are built,

1 A reduction in the lifecycle cost of a road,

1 A more uniform road environment that is more easily understood by roz
users,

1 A better understanding and documentation of roasafety engineering,

1 Eventual safety improvements to standards and procedures,

1 More explicit consideration of the safety needs of vulnerable road users.

J

2.5
25.1

Projects which may be road safety audited.
New Projects

Road safety audits are applicable to all types of road projects, on all types of roads.
It is therefore prudent to recognise that all projects can benefit from a road safety
audit. Wha is critical to achieving the Safe System goal is the scale of any potential
risk that may result from the project and not the scale of the project as such.

Projects can be as small as a pedestrian crossing or a bus stop layby, or as large
as a freeway oiinterchange or a complete township development. The scope of
audits ranges from everything within the road corridor to specific facilities such as
those for pedestrians or vulnerable road users and may be located within a public
road, other public or priate property.

Road safety audits can be conducted on new road projects that include, but are not
limited to:

1 Freeways and expressways,

1 Pedestrian and cycle routes and facilities,

1 Temporary traffic management schemes (from a Safe System perspective,
not asa compliance review),

1 Local area traffic management schemes (such as commercial areas and
residential streets),

1 Transportation hubs.

12
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Road safety audits can also be conducted for other schemes that are not
specifically roadbased projects wheresafety concerns are likely to arise from:

1 Vehicle-pedestrian conflicts in a new carpark,

1 Increased numbers of pedestrians crossing the adjacent road,

1 Filling stations with possible queudack from the forecourt into the feeder
road or street,

1 Location of acesses,

1 Access/egress/unloading for service vehicles at shopping centres

 etc.

2.5.2 Upgrading projects

Upgrading projects that are subject to road safety auditing are strengthening and
improvement projects that comply with the following descriptions:

2.5.2.1 Strengthening projects

Strengthening projects typically include maintenance treatments such as the
addition of thick surfacings, or the removal of part of the existing pavement
structural layers and the addition of layers to restore or improve structurategrity

and to increase the strength of the pavement. It is normally applied at the end of a

pavement’'s structur al l' i fe when the pave
nature and no qualityof-service problems are anticipated in the medium to long
term.

Strengthening works are divided into the following work types:
a) REHABILITATION:

Rehabilitation is most effective on pavements that are exhibiting signs of
structural deterioration (crocodile cracking and rutting, in particular) but not
to such an extentthat complete reconstruction (removal and replacement
of the base and/or subbase) will be more economical. Rehabilitation could
include the reworking (but not removing) of the top 150 mm of the existing
pavement to form a uniform platform for the additio of new pavement
layers. Rehabilitation increases the structural capacity of the pavement to a
condition that is very near or equal to that of an equivalent new pavement.

b) RECONSTRUCTION:

Reconstruction is the removal of part or all of the existing pavemt layers
(both bound and unbound layers) and the construction of a new pavement.
Reconstruction is appropriate when the pavement has structurally failed,
and the sub grade requires strengthening (including subfirainage
construction) in order for the newpavement to perform properly. Since
reconstruction consists of the removal of the structure of the existing
pavement, it offers the opportunity to correct suggrade or base deficiencies,
to slightly adjust the vertical geometry, to add drainage structurestc.
These options are not viable when the pavement is only rehabilitated.

13
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Reconstruction increases the structural capacity of the pavement to a level
that is required for the medium to long term.

BRIDGES:
This refers to the works related tstrengthen an underdesigned bridge to
enable it to carry the required or revised design loads.

2.5.2.2 Improvement projects

Improvement projects comprise works that aim to improve the quality of service on
roads with adequate remaining pavement structural life,ub with an unacceptable
quality of service. Improvements are normally applied to roads experiencing an
unforeseen growth in traffic due to i.a. change in use of the road. These include
measures of improving quality of service on existing roads such aseeing traffic
congestion, improving road safety, restoring road rideability, etc.

Improvement works are divided into the following work types:

a)

b)

d)

LEVEL OF SERVICE:

This comprises works that retain the existing pavement structure but
increases the width in séected areas (i.a. addition of climbing lanes)
throughout the length of the section to improve overtaking and lane
changing opportunities

CAPACITY:

This comprises works that retain the existing pavement but increases the
width over the total length of thesection. These include partial widening and
lane addition.

ALIGNMENT:

This comprises works that change the road geometry for part of a section,
but that retain some of the existing pavement structure. These include local
geometric improvements, and intesection improvements.

BRIDGES:

This comprises works that retain the existing bridge but increases the width
over the total length of the bridge. It also includes all work related to improve
the horizontal and vetical clearances over and under the bridge, also
including changes to bridge barriers.

The Road Authority/ maintenance manager or design team shall recognise t
advantages of conducting road safety investigations and implementing road safe
remedial measures on road sections earmarked for liker-like replacement such
as resurfacing when construction equipment would be egite.

-
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Exceptions and Seftertification

If a project would have no impact on road user behaviour or the project would be
limited to a lowspeed environment less than thesafe speed requirements for
potential pedestrian and other vulnerable road user accidents, or if the project is a
like-for-like replacement, the design team may approach the client or road authority
with a motivated application for such project to be exengd from the RSA
requirement. Such motivation should take the format of a road safety statement
addressing contents which would normally be found in a RSA report, as well as a
review of accident statistics on that section of road, clearly indicating theratitions

for which the safety of the project is claimed and that accident statistics indicate
that road safety remedial measures are not required.

The client/ road authority shall respond to the application, clearly indicating the
terms and conditionsset for such exemption.

15
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3 Stages of Road Safety Audit

3.1 Overview

3.2

Road safety audits are being conducted at specific stages of the design and
implementation of a project. These stages are coordinated with the level of detail
associated with each othe different planning and design stages.

Road safety audit policy

Internationally, it has been shown that a road safety audit is An effective and
efficient road safety tool that may be used both during planning projects and on
existing roads. It is a proetive tool, which means that one does not need to wait
for the accumulation of accident and casualties before positive steps can be taken
to reduce or prevent such accidents and casualties.

One of the most positive ways to ensure that road safety audit lmeues firmly

established in a road authority is to establish a road safety audit policy. Road safety
audits may be done at all stages in the life cycle of a road. It is essential that
maximum benefit be gained from the RSA process in an environment where
financial and skilled resources may be restricted. It is therefore necessary that a
clear policy be established to detail when road safety audits should be conducted.

The concept of road safety auditing as a pictive measure to review and improve
road safety is not confined to new road projects only but is equally well suited to be
used on existing roads, albeit described as road safety appraisals, assessments, or
investigations.

The Division of Revenue Act (Act 1 of 2018) in Transport Vote 35 (DoRA, 2Qqi¥:
173) and Provincial Road Maintenance Grant (PRMG) requires that

“all Provinces will be expected to collect and provide information on the
following:

1 road safety assessments, appraisals, and improvements.

1 a representative sample of all roads to be agssed which is
about 10 per cent of Provincial Road Network for field checking
by an independent assessor as agreed by the Department of
Transport (DoT) utilising the agreed rates to confirm the
correctness of the assessment made.

1 Provinces will be requird to submit above data to the national
data repository as per the format described in TMH18”

It is recommended that every road authority accepts a basic road safety audit policy
statement that includes the minimum intervention levels foundertaking road
safety audits as shown in Exhibit 3.1.

16
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Not required Not required

Not required
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The need for independent road safety appraisals stems from the framework
attached to the Provincial Roads Maintenance Grant (PRMG) as published in the
Division of Revenue Bill, 2018 (National Treasury, 2018). One of the conditions
included in the framework states that the framework must be read in conjunction
with the practice note as agreed wh National Treasury. Section 4 of this practice
note includes a requirement for provinces to conduct road safety appraisals and
improvements on existing road networks (DoT, 2018). In conjunction with this
requirement, the framework attached to the PRM@quires provinces to submit an
annual road safety audit report (National Treasury, 2018).

3.3 PreConstruction Phase Audits

Preconstruction phase audits provide for RSA based on different stages in the
planning and design process of the projechamely:

3.3.1 Conceptual design stage Road Safety Audit: (Stage 1 RSA):

This RSA takes place at a higher level where the types of road safety concerns are
restricted to the broader road safety principles associated with the project. It
addresses different roaduser groups in a wide approach and provides the
opportunity to influence fundamental aspects such as design speeds and design
criteria, potential changes in route choice and impact on the surrounding road
network and developments.

The Stage 1 RSA often rls to be conducted with limited design information while
considering broad contextual issues recognizing existing patterns that would
directly or indirectly influence separate groups of road users and their practices.

A Stage 1 Road Safety Audit has thelfowing objectives:

1 Identify the potential safety problems that can influence survivable speeds

for the following aspects:

- Project scope

- Choice of route, layout and/or treatment

- Design standard selection

- Impact on the adjacent road network

- Access ControlProvision of accesses/ intersections/ interchanges

- Continuity of routes

Consider the design and operating speeds,

1 Assess the relative safety performance of various alternatives for the road
project.

=a
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3.3.2 Preliminary Design Stage RSA: (Stage 2 RSA):

This R\ is conducted towards the end of the preliminary design process when the
horizontal layout and typical intersections have been completed.

The Stage 2 RSA addresses the conditions primarily related to standards and layout
of roads and intersections.

A Shge 2: Preliminary Design Stage Road Safety Audit has the following objectives:

1 Address the design standards utilised for the preliminary design,

1 Consider, among others, how the survivable speeds would be influenced by
the following:

- Alignment(horizontal,vertical),

- Sightdistances,

- Layout of intersections and configuration ahterchanges,

- Widths: Lanes andshoulders,

- Crosssection and superelevation opavement,

- Location ofaccesses,

- Provision for different road user groups: Pedestrians, cigts, heavy
vehicles,etc

1 Evaluate whether any deviation from guidelines and design standards would
impact safety negatively,

1 Determine how possible staged implementation of the project could
influence road safety; If staging is proposed then the safety edch stage
should be considered as well as the transition from one stage to the next,

1 Consider the issues normally listed in the Stage 1 Road Safety Audit if the
Stage 2 Road Safety Audit is the first audit of the road project.

At this stage of the desigmprocess, fundamental decisions regarding route choice,
the overall design and layout of the project have already been decided.

The audit team may still suggest changes to horizontal or vertical alignment,
provision of a median, lane and shoulder width, pvision of cycle lanes or
sidewalks or channelization, if deemed necessary to preserve or establish
survivable speeds.

Accesses provided should be reviewed for upstream and downstream effects,
possible conflicting movements, sight distance and the possibtnsolidation of
access points.

Any such recommendations should be based on the consideration of safety issues
only and should be supported by justifiable safe system background reasoning,
which need not necessarily be included in the road safety audgport.

The ability of the design to safely accommodate future widening, expansion or
extension may also be considered. Specific attention needs to be given to assess
the safety of different usage scenarios.
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3.3.3 Detailed Design Stage Road Safety Audit: (Stag&kRSA)

This RSA takes place after completion of the detailed design but before the contract
documents are prepared. At this stage, the design drawings should be completed
to such a level of detail that they can be used in the preparation of contract

documertation.

If the audit team are concerned about a potential lack of sufficient details, the audit
team may request such additional details from the client or project manager to
allow the audit to be completed without possible conditionéihdings. This stag is
the last opportunity to influence the safety of a design before construction
commences.

This audit is focused on aspects of detail of how the road layout, traffic
arrangements and information transfer to the proposed road user groups would
influence aurvivable speeds. It is also the stage where the influence of the violation
of driver expectation on Safe System approaches such as forgiving road design
would be identified best. It is important that any issues that have not been
satisfactorily been resoled from earlier audits be reiterated in the Stage 3 audit. It
may well happen that the proposed remedial measures for such an outstanding
issue be different in this stage than an earlier stage because the flexibility to
influence the design is less.

A Stage 3: Detailed Design Road Safety Audit has the following objectives:

1 To consider, among others, how safe and survivable speeds and the
forgiving road be influenced by the following:

- Any changes since the Stage 2 Audit,

- Road traffic signs and markings.

- Road lighting,

- Intersection detall,

- Roadside hazard management issues (clear zones, traffic barriers, fixed
objects etc.),

- Needs and requirements for Vulnerable Road Users (pedestrians,
cyclists, individuals with disabilities) or special classes of vehisléheavy
vehicles, buses, service vehicles, etc.),

- Traffic management and control drawings for the proposed
accommodation of traffic during construction,

- Drainage,

- Landscaping,

- Crosssection and sideslopes, etc.

1 To review those findings of earlier stagesand the implementation of
mitigating measures,

1 To consider the issues listed in the Stage 1 and Stage 2 Road Safety Audit
if the Stage3 Road Safety Audit is the first audit of the road project.
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If the project will be implemented in separate phases, eacphase should be
considered as well as the transition between phases. The transition between
phases is specifically also important for the proposed traffic management for the
accommodation of traffic duringonstruction.

In the case of smallerprojects where a single design stage RSA would be
appropriate, it would be acceptable to conduct a combined Stage 2 and Stage 3
RSA, acknowledging that the risk exists for the identification of concerns that might
require remedial measures which one wouldot expect at a Stage 3 RSA.

Construction Phase Road Safety Audits

Three different road safety audit stages are possible during the construction phase
of any project. Only two of these are included in the construction phase as formal
staged road safety auds, namely:

1 Stage 4: WorkZoneTraffic Management Road Safety Audénd

1 Stage 5: PreopeningRoad Safety Audit
The third possible stage is the auditing of changes to the design during
construction. Such audits should be handled as Interim roadfety audits'3.

Work Zone Traffic Management Stage Road Safety Audit (Stage 4 RSA)

This RSA reviews the accommodation of traffic scheme advanced by the contractor.
The audit team shall recognize the guidance given to contractors in the SA Road
Traffic Sgns Manual, Volume 2, Chapter 13: Road Works Signing.

A Stage 4 RSA reviews the proposed scheme against the principles of the Safe
System Approach in terms of survivable speeds and forgiving roadsides realizing
the speeds would be lower because of loweredign standards on diversions and
deviations.

Particular attention should be given to the following aspects:

1 Compliance with driver expectation principles in an environment that can be
dynamically changing.

91 Appropriateness of the proposed traffic managemérscheme, especially

conditions in transition areas,

Adequacy of advancevarning,

Proposed and actual speedimits,

Conflicts between permanent and temporargatures,

Any aspects of the layout that could be misread by road users leading to the
violation of driverexpectancy,

= =4 -4 -4

13 See Section 3.5.2
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1 Likelihood of mud or dust obscuringlevices, or of driving directly into the
setting sun,
1 Appropriateness of vehicle restraint systems/ barriers and the correct
installation and the safety of theaerminals,
1 Adequate provisio for pedestrians and public transport vehicles like
minibus taxis,
1 Conflict points between site traffic and the public,
1 The effect of congestion during peageriods,
1 The effect of an incident within the detour/ deviatioreas.
The RSA Team shall be pactilarly careful in reviewing the safety of the project
during the changeover between different phases of the construction process.

Pre-opening Stage Road Safety Audit (Stage 5 RSA)

Stage 5 RSA should be conducted before the opening of a road or traffic scheme
to traffic but not before substantial completion of the project; enabling the audit
team to review conditions as it would be experienced by different road user groups
under typcal operational conditions.

Preopening stage road safety audits represent the last opportunity that the audit
team may identify potential road safety concerns before the road is opened to all
road users. The team should have the opportunity to conductsite visit of the
whole project, especially intersections and tims with the existingnetwork in
comparable conditions which roadisers would use the project once opened to
traffic.

It is particularly important to also conduct a nigHtme site visit to review the site
under conditions when the road user cannot be assisted by wider perception of the
road environment to safely use the facility, or where nighine lighting conditions
may influence the driver’s perception

The potential for making significant changes to the road safety situation -gite
during a Preopening stage road safety audit is limited and the audit team may have
to accept that the mitigating measures that may be recommended at this stage
would similarly be limited in scope.

If it is not possible to audit the project before the road is opened to traffic, the
Stage5 audit may be conducted after the opening of the road, but within one month
after such opening and with the approval of the client. Under suconditions it is
essential that a proper risk assessment be done for road safety auditing in close
proximity of the moving traffic.
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During the Stage 5 RSA the Road Safety Audit Team may need to walk, drive and
possibly cycle the project to assess that:

1 Sufficient provision is made for the different road users of the rogmloject,
1 There is adequate protection or mitigating treatment of roadsideazards,
1 There is no undue influence on safety as result of variations between actual
construction and detail eésign,
1 Road signs and markings, lighting and other nigtitme related issues are
appropriately addressed,
1 The issues listed in the Stages 1, 2 and 3 Road Safety Audits have been
considered and appropriately closed out prior to completion of the Stafe
Road Safety Audit.
In the Stage 5 RSA it is also important that the audit team confirm that temporary
signage, markings, construction equipment, barriers, fencing, materials and debris
that may constitute hazards, either as physical entity or as the causaktar for
road user confusion, are removed from the newly constructed road facility to ensure
that the site as perceived by the roadser would present as a forgiving road. It is
also essential that sections of obsolete roadway or diversions which could sau
confusion be identified for removal.

The implementation of the mitigating factors agreed upon in a Stage 3 RSA, should
also be assessed in a Stage 5 RSA. If these issues had not been resolved
satisfactorily, they should be réterated in the road safetyaudit report.

The traffic management scheme in large projects often calls for certain sections of
the project to be completed and partially taken over or be made available for
beneficial use by road users, when another part of the construction is being
constructed. The ability to gain access to such a partially opened section of the
project to conduct a preopening stage RSA or for the contractor to access that
section under traffic, may be restricted or subject to increased risk. Under these
conditions it may be feasible to conduct a partial prepening stage road safety
audit on the section of road to be taken over as an interim road safety audit. This
would allow the RSA team and the contractor safer access to the site to conduct
the road safety audit anl to implement mitigation measures, respectively.

Other road safety audits
Thematic road safety audits

Thematic road safety audits are audits focusing on specific road user groups, rather
than reviewing the safety of a facility for all roadsers. Road sé&ety audits typically
require that the audit considers all roadisers being affected by the proposed
project. To an increasing extent, specialized facilities are being developed for ©hion
motorised transport such as jogging tracks and/or cycle tracks whichould be
used outside of the typical road environment.

It is also recognized that in certain areas an increased concentration of reaskers
with specific needs can be identified, such as older pedestrians or those that are
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hearing or visually impaired. Ares around hospitals and places of care are prime
candidates for a thematic RSA. Schools and routes towards schools are also
examples where thematic road safety audits might prove particularly beneficial,
given the behavioural patterns of young children. kkdr examples may be found in
areas such as public transport hubs, resind-service areas along freeways, and
major shopping malls or sports venues.

It is prudent for a shift in emphasis in areas such as these to specifically address
the needs of the prevagnt special interest roaduser groups.

A thematic road safety audit should be conducted when facilities for specific read
users are developed in such a manner that they would be open for public access or
use, rather than a facility with access restrictetb an isolated group. The subject
matter incorporated in a proposed thematic RSA should be clearly set out in the
audit brief to the RSA team.

The thematic road safety audit brief and the RSA team should recognize the need
for design elements to start wi the roaduser group with the highest degree of
vulnerability and proceed stepwise to groups with lesser vulnerability.

In a thematic road safety audit, the audit team should pay particular attention to
the following:

1 The traffic zonesapplicable to the road user group under review, such as
streets, street crossings, parking areas or transit areas,

1 The aspects specifically related to the type of facility, such as pedestrian
facilities, or traffic control devices or the type of exposurd the concerned
road-user group to possible hazardous incidents,

1 Design elements such as differential speeds, route continuity, or
connectivity with reduced exposure to safety concerns, placement or
obstructions of utilities, intervisibility with vehicula traffic, etc.

1 The risk that pedestrians may disobey design elements such as pedestrian
channelization or restrictive conditions.

1 The possible violation of roa@liser expectancy, for example the risk of using
a marked pedestrian crossing under impressiorhat a painted crossing
would guarantee driver compliance.

Thematic road safety audits may be conducted at any stage in the planning and
design process but would have the greatest benefit when done at the planning,
detail design and preopening stages. lis also important to address the exposure
of such vulnerable groups in construction work zones.

Interim road safety audits

An Interim road safety audit is not a specific stage RSA but forms an integral part
of the road safety audit process in applying thBafe System. An Interim road safety

audit can be undertaken on any aspect of the road project at any stage, offering a
more focused road safety audit. It 1 s

24

t

he



3.5.3

South African Road Safety Assessment Methods
Volume 3- RSA Part APolicy and Procedures

the benefits of an Interim road safety audit andevelop the road safety audit brief
allowing for Interim road safety audits to be used constructively in the road safety
audit process.

They should be conducted in the same manner as other road safety audits in the
process and be undertaken by the road safy audit team together with specialist
advisors pertinent to the type and nature of the interim road safety audit if required.
Interim road safety audits are additional to the design and the construction stage
road safety audits and should only be underk&n under special or extraordinary
circumstances and at the request or approval of the Road Authority/ Client.

All information contained within the interim road safety audits must be gathered
and assessed like any other road safety audit as part of thdlfand final road safety
audit process.

Existing Roads

The road safety audit procedure should also be applied on an existing road or traffic
facility to identify road safety concerns which are not evident from accident
statistics.

In SARSAM2012 this assesnent procedure has been referred to as a Stage 6
Road Safety Audit or Road Safety Appraisal. In this Manual, such a road safety
assessment on an existing road is referred to as a Road Safety Investigation
(RSINV).

A Road Safety Investigation (RSINV) isfarmal systematic examination of an
existing road location, in which an independent and qualified team reviews-site
conditions and historical evidence to identify existing or potential road safety
problems and suggest measures to mitigate those problems

In the Audit Brief for such a RSINV, the client shall indicate the need to combine
reactive and proeactive elements in the investigation process. The RSA team/

RSINV team shall also use the Safe System principles in assessing the risks
associated with sfety concerns on such an existing road and on the proposed

remedial measures.
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4 The Road Safety Audit Team

4.1

General Requirements

The Road Safety Audit Team shall comprise of no less than two qualified persens
the Audit Team Leader and an Audit Team Membeainless approved by the road
authority in the case of a small project. There is no upper limit on the size of the
Audit Team provided the team would still be able to properly conduct a road safety
audit site inspection. Specialist advisors may be consatt and/or involved to
attend site inspections if required by the road authority or dictated by the
complexity of a particular project (Appendix A2 B5.1: Personnel Requirements)

Road Safety Auditors who audit full time to the exclusion of other accident
investigations or road safety engineering work would normally not be desirable.

The specialist skills and size of the RSA Team deperbn:

1 the road safety audit project size,
1 the stage of the road project (conceptual design or planningreliminary
design, detail design, construction or prepening stage or existing roads),

1 the complexity of the project.
The road safety audit team shall be experienced in the type of project to be audited
and the stage of the required audit. The appointmérmf the RSA team shall be at
the discretion of the road authority, as to the appropriateness of the respective
individuals nominated to conduct the road safety audit for a project. A road safety
audit report submitted in support of a project where the RS#eam was not
approved by the road authority may be rejected.

Road safety auditing at the different stages of design requires RSA Team members
with different levels of knowledge and experience:

1 Feasibility/ Conceptual stage RSAfhe issues to beexamined are often
broader and much more subtle compared with later stages and should only
be conducted by very experienced road safety auditors. An experienced road
design engineer who is familiar with road design standards and would be
able to visualisethe layout in three dimensions should be included. If the
project includes unusual aspects, the inclusion of a specialist in that field,
either as audit team member or as specialist advisor to the audit team for
that aspect should be considered,

1 Preliminaly Design stage RSASimilar skills are required as for the
conceptual design stage RSA, but not all the members need be as
experienced. Team members with local knowledge of road user activities or
relevant specialist experience may be included, where posi.

1 Detail Design stage RSAn addition to the skills described for preliminary
design stage RSA, it would be beneficial to have audit team members
familiar with the type of details included at detail design level, for example,
traffic signal control, taffic signs and markings, street lighting, vehicle or
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road restraint systems or barriers, bicycle facilities or any other road user
issue,

1 Work Zone Traffic Management stage RSAt would be particularly
meaningful if one of the audit team members wouldeébexperienced in the
management of construction workzones similar to thecomplexity of the
project to beaudited,

1 Preopening stage RSAThe inclusion of an experienced traffic officer with
local knowledge of traffic patterns and road user activities, apresentative
of the maintenance agent and a representative from the community to
participate in the site inspection for a Pr@pening stage RSA may be
considered to improve the level of local integration and the transition to the
operational phase of theproject.

4.2 Requirements for the RSA Team

The RSA team members shall be nhominated by the RSA -sebvices provider in
curricula vitae in a prescribed format. Thecurriculum vitae should demonstrate
that the previous experience of road safety audigccident investigation or road
safety engineering would be relevant to the project to be audited in terms of type
and complexity. The Continuous Professional Development (CPD) record should
also focus on road safety audit, accident investigation and roadfety engineering.

The typical requirements for the different members of the RSA Team are described

in this section. Notwithstanding these requirements, it remains the prerogative of

the road authority to accept the nomination of an audit team leader or mer

based on an overview of the nominee’s ex
curriculum vitae.

4.2.1 RSA Team Leader

1 Registered as a Senior Auditor by the Engineering Council of South Africa with
post-nominal accreditationRSAud(SOR
1 Holder of a recognied international Certificate of Competence and
experience of road safety audit in South Africa OR
1 As a transitional measure for a period of 3 yeargr as indicated by the road
authority]
o Attended at least 5 days formal crash investigation or road safety
engineering training,
o Successfully completed a recognised road safety audit course of at
least 4 days duration,
o Have at | east five years’ experien
construction or traffic engineering field; (team leaders for complicated
projects should have more experience),
o Have at | east three years
safety engineering,
0 Undertaken at least five road safety audits within a period of two years
as an audit team leader or team member, including at least the at
design stages,

experien
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o Demonstrate a minimum of two days CPD in the field of road safety
audit, crash investigation or road safety engineering in the preceding
twelve months.

4.2.2 RSA Team members

T

T

Registered as a Senior Auditor or Auditor by the Engineering CalupicSouth
Africa with postnominal accreditationRSAud(S) or RSAUOR
Holder of a recognized international Certificate of Competence and
experience of road safety audit in South Africa OR
As a transitional measure for a period 3 year$or as indicated by the road
authority]:
o Attended at least 5 days formal crash investigation or road safety
engineering training,
0 Successfully completed a recognised road safety audit course of at
least 4 days duration,

o Have at | east three yearald'designxperi e

construction or traffic engineering field,

o Have at | east t wo year s’ experi ence

safety engineering,

0 Undertaken at least three road safety audits within a period of two
years as an audit team leader or team membeincluding at least three
at design stages,

o Demonstrate a minimum of two days CPD in the field of road safety
audit, crash investigation or road safety engineering in the preceding
twelve months.

4.2.3 RSA Observers/ Audit Trainees

T

T

T

Attended at least 5 daygormal crash investigation or road safety engineering
training.

Successfully completed a recognised road safety audit course of at least 4
days duration.

Have at least one year experience of crash investigation or road safety
engineering.

Whereas the roleof an RSA Observer/ Audit Trainee would be to learn and
practically experience a road safety audit, they are not considered part of the RSA
Team but could participate in design phase road safety audits. The number of such
observers shall be restricted tmo more than two observers to retain the size of the
road safety audit party to a manageable size.

Persons with limited experience of ogite conditions should not participate as RSA
Observers in Prepening stage road safety audits where complex trafiionditions
would prevail.
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4.2.4 Specialist Advisor to the RSA Team

4.2.5

If the project has unusual or specialist features, the road authority may consider
the inclusion of a specialist advisor to assist the RSA team in that aspect. Such a
specialist need not partici@te in any of the activities of the team that would not be
related to the specialist input required from him/her.

Care should be taken that the RSA team does not become unmanageably large for
site inspection purposes. Alternatively, it may be beneficialrfehe audit team
leader to conduct separate site visits with technical and netechnical members to
avoid that the input of either group would be stifled

RSA Team continuity

It is preferable but not mandatory, that the same RSA team undertake all the audi
stages of a particular project whenever possible. This is advantageous from a point
of view of economy and consistency of approach. Any changes to the audit team or
its individual members will be subject to approval by the road authority
representative.
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5 Administration and Management of Road Safety Audits

5.1 Introduction

This section of the Manual describes the administration and the management
procedures related to the procurement of independent road safety audit sub
services for a particular project, the@mmissioning of the road safety audit and the
professional services rendered by the road safety audit team. It also describes the
close-out process of the road safety audit reflecting on the responses by the design
team to the concerns and recommendationsmade by the audit team and records
the disposition of the road authority on each individually identified road safety
concern and recommendation.

RSA Tasks Client Organisation
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Figure5-1: RSA process and responsibility matrix
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In Figure 5.1 this procedure is described by means of a flow diagram indicating the
different elements in the process as well as the appropriate organization
responsible for each.

Inception of the Road Safety Audit
Decision to proceed with RSA

The model road safety audit policy (see section 3.2) recognizes the need that all
new and upgrading projects should be subjected to a road safety audit. The policy
also allows for certain projects to be excluded from road safety audit if the
complexity thereofis limited or if the scope of the works does not materially
influence the conditions which the roadiser would be subjected to, for example,
like-forlike replacement. The policy also identifies the burden to motivate such
exclusion of the road safety auid to rest with the service provider responsible for
the project as such.

The first step in the road safety audit process is therefore to determine if the project
requires a road safety audit or not. Should the service provider (design team)
believe that easons exist why the project should not be subjected to a road safety
audit in accordance with the road safety audit policy, the service provider shall
prepare an exemption report to motivate such exclusion or to motivate for a
combined Stage 2/3 design sage road safety audit or to motivate that the road
safety audit be deferred until preopening of the project. Such an exemption report
should summarize the reasoning and indicate the conditions upon which the
service provider relies for the exemption or derral and should be prepared
acknowledging the principles of the Safe System Approach.

The service provider shall proceed under the assumption that the relevant stages
of the road safety audit would be required until such time that the road authority/
client allows for the relaxation sought in the application for exemption.

Road Safety Audit Brief

The service provider shall prepare the tender documentation to invite road safety
auditors to submit a quotation to conduct independent road safety audit sereg
on the project as a sukservice provider. The invitation shall provide the standard
information normally provided by the road authority for price quotations for
professional services.

To review the competency of the road safety audit team to conduct ttead safety
audit, the tender documentation shall require appropriate information on the
proposed road safety audit team (see Appendix A2: Rooma Terms of Reference).
This information shall include clear indication of acceptable accreditation of the
road safety auditors, the currency of training as a road safety auditor, with clear
indication if such training included the Safe System approach. Road safety auditor
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information shall also include information on the experience which the road safety
serviceprovider relies on to proveppropriate experience.

The tenderinvitation shall provide a summary of project information which will be
provided to the successful road safety audit service provider clearly indicating:

1 Information on the stage and scope dahe road safety audit
1 Information on the project scope and objectives
1 Required road safety audit schedule to be met.
1 Availability of:
A previous audits and road safety audit reports showing responses
and client decisions,
A Traffic information
A Accident information(where applicable)
A Appropriate design report and/or design standards adopted for the
project.
1 Possible additional information that would contribute towards better
understanding of the project.
This information shall be consistent witthe Terms of Referencef the road safety
audit. Theroad safety audit briefshall be prepared by the design team/ service
provider and shared with the road safety audit services provider during the
commencement meeting.

Terms of Reference

The success of any road safety audit depends firstly on the clarity of the brief given
to the road safety audit team, spelling out the scope of works of the audit and the

requirements of the client. The terms of reference should follow the principles set

out in the RSA Manual with clear understanding that it would be the task of the

road safety audit team to objectively review the safety of the project, identify road
safety concerns and associated risks, and recommend relevant remedial measures
(Appendix A2Proforma Terms of Reference).

The terms of reference for a road safety audit should include at least the following
aspects:

1 Project title,

1 Required stage of the road safety audit,

1 Parties to the project, identifying the road authority, client represertiee,
design service provider and any other directly involved stakeholders,
Background to the project including possible earlier road safety audits,
Road safety audit manual to be used as the basis for the audit,

1 Full scope of the services required includg possible phased auditing and
provision for interim audits,

The need for nightime inspections,

Required qualifications and experience of the road safety audit team,

1 The format for the RSA report,

= =

== =
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1 Schedule to complete the road safety audit and submittirim road safety
audit reports or road safety audit technical notes (if needed) and the final
road safety audit report,

i Liaison requirements and

1 Additional aspects required by the road safety audit service provider,
including possible downstream involveent in the audit closeout process
or continuation in followup road safety audits,

A proforma terms of reference for the road safety audit is included as Appendix
V3A2 toVolume 3 PartA of this Manual.

The Road safety audit team

The success of the roagafety audit depends (to a large extent) on the knowledge
and experience of the RSA Team and the ability of the team members to anticipate
potential road safety concerns based on the application of the Safe System
principles. It is therefore essential tat the road authority or client approve a
knowledgeable RSA Team that has the experience to anticipate the risk of
occurrence of different types of incidents that may lead to serious or fatal
accidents.

5.2.4.1 Selection of the RSA Team:

1 The road safety audit serice provider shall provide the client organization
authority with nomination forms for the positions of RSA team leader and
team members that clearly confirm the accreditation of the proposed
member and his/her road safety engineering background, road sy audit
training and experience appropriate to the specific road safety audit to be
conducted.

1 Proposed team members that do not have experience of the specific type of
work or stage of road safety audit should not be approved for use on such a
road safety audit as the RSA Team Leader, nor the RSA Team member
especially not if the project would be complex or in a higpeed
environment where the risk of fatalities would be higher. Nothing, however,
precludes the client to accept such a qualified but @xperienced road safety
auditor to occupy a position of RSA Observer on such a road safety audit.

1 Itis important to realise that the context for auditing at the earlier stages in
the project life cycle would require a greater degree of conceptualizing doa
safety concerns than during the later stages when the designs have been
developed to a greater degree. It is thus advisable that conceptual or
preliminary design stage road safety audits (Stages 1 and 2) be undertaken
with experienced road safety auditer

1 A proforma nomination form for road safety audit team members is
appended to this manual for the use by the client.

33



South African Road Safety Assessment Methods
Volume 3- RSA Part APolicy and Procedures

5.2.4.2 Independence of the RSA Team

1 A fundamental principle of a road safety audit centres on the need to review
the project through’' f r e s h- allwirg $or an impartial and objective
review. This underpins the requirement that the RSA Team should be
independent of the client, design team or the contractor. With limited
numbers of experienced road safety auditors available, it is ggble that
auditors that are independent of the design team, but part of the design
service provider staff be used as RSA Team members. This shall, however,
not be allowed in the case where the design team provides services directly
to a contractor, suchas in a Design/Build project. In such case the RSA
Team shall be a thiregparty independent road safety audit team.

1 To support ongoing development of road safety auditors the inclusion of a
road safety observer from the design organization or the client argzation
may be approved subject to a prerequisite that such an observer shall
refrain from any action that may impose on the independence of the road
safety audit team.

To retain credibility in the audit process, the client shall be satisfied as to
the independence and the competence of the RSA Team to undertake the
road safety audit objectively and impartially. It is advisable, but not an
absolute requirement that auditors should be from organisations other than
the design organisation and separately aminted to provide road safety
audit subservices compliant with terms of reference specifically prepared
for the project under review. Should the audit team and the design team be
from the same organization, it is of paramount importance that the audit
team retains full independence to review the project and suggest
appropriate remedial measures.

1 The requirement for independence does not preclude direct contact
between the RSA Team, the design team, and the client. This may be
advantageous in situations whre clarification is required, for example in
the Audit Brief. Conditions may also occur where a lack of timely
identification of a road safety concern by the RSA Team could lead to
designs with lockedn road safety concerns. Under such conditions the
design team may raise a specific road safety question to the RSA team with
the knowledge and approval of the client.

Such a query and relevant response by the RSA Team shall be treated as an
Interim road safety audit which would still be subject to review edmpletion

of the relevant road safety audit stage. At no time, would the road safety
recommendations in this Interim RSA be considered as an instruction to the
design team to proceed in a specific manner, nor would it bind the RSA Team
when the full roadsafety audit isconducted,and the full context of theroad
safety environment be available for review

1 Neither the client nor the design team shall influence the outcome of the
road safety audit by motivating specific design considerations or issues to
the RSA Team. The RSA Team shall also not entertain any suggestions from
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the design team or the client tachange the content of the RSA report, unless
such changes stem from findings related to situations outside the scope of
the audit.

1 The RSA Team should not make recommendations other than in broad
terms or in concept. Recommendations that are made in greatdetail may
be seen as encroaching on the responsibility of the design team and
suggesting reduced independence from the design process.

Appointment of RSA SuBervice provider

The submittal of price quotations to provide independent road safety audiits
services shall be in accordance with the procurement rules and practices of the
client organization.

The appointment of theRSA Sukservice providershall be done by the client
organisation in accordance with its standard procurement procedures.

The gpointment of the RSA Sulservice provider shall also include that the client
ascertains the competency and experience of the proposed road safety audit team
considering the size and complexity of the project.

Conducting the RSA
RSA briefing andsharing of information

A commencement meeting shall be convened with the client, design team and the
road safety audit team at the onset of the audit. The commencement meeting
provides the opportunity for all parties to discuss the scope of the audit and
available information and for the RSA team to request further information or
clarification of previously provided information. It also allows the RSA Team to
better understand the objectives leading to the project and share the programme
for the RSA with dier parties, especially if orsite safety or security support would
be required for the audit (Appendi¥/3A2 b4.2 Methodology for the road safety
audit).

AppendixV3A4 (Proforma Checklist) to this Manual contains a listing of subject
matter that may be praided to the RSA Team as an audit brief.

Desktop study

The RSA team shall review the drawings and reports submitted by the design team
to identify potential safety concerns and the proposed interaction between read
users for verification orsite. The RSAream may make use of the prompt lists in
SARSAM2022 Volume 3, Part B (TRH2®r another appropriate prompt list)for
guidance during this review but should extend the review based on the experience
of the team of similar projects.

Comments should be limid to those aspects that have specific relevance to safety
considerations that have a direct causal or demonstrable relationship to the
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intrinsic safety ofthe projectcomponents,or the roaduser vulnerability seen in the
Safe System context of the projec

The review of the drawings shall be conducted for all stagestbé road safety audit

as required by the audit briefor Terms and Conditions of the subervices
agreement

Site visit

All road safety audits should include a daytime site visit to verggssible potential
road safety concerns identified during the desktop study of the project drawings.
Projects that are located in a greenfield environment and which would be
impossible to access should at least be reviewed at the fie locations with exising
roads. The RSA Team should identify the times when the worst road safety
conditions would be experienced. For example, if the road safety concerns
identified potential capacity related concerns, then the site visit should take place
during peak hour d assess highest traffic volume conditions; if speed related
problems are the primary safety concern, then afieak site visits should be
considered when higher speeds would be prevalent. Site visits for Stages 1 and 2
road safety audits in a greenfield evironment should also assess the potential
interruption of existing informal travel patterns in that area ensuring that any
negative impacts are offset by appropriate remedial measures.

It is preferable that the site visits be conducted by the entire RSA&am.
Improvement in high quality video recordings allows such recordings to be reviewed
in a controlled office environment ensuring that different members of the audit
team may be exposed to the same conditions experienced-site without being
exposed tothe risks inherent in site inspections. Video recordings should (as much
as possible) reflect the conditions which the road user groups would be
experiencing. Higher level drone videography would only give a broad indication of
the lay of the land and notthe conditions which the road user would be
experiencing.)

When video recordings are used in support of site visits, the recordings should be
uploaded and reviewed on software platforms allowing the geeferenced
integration with mapping software. Any stvisit should at least use geeeferenced
photographs to be able to accurately locate safety concerns. Using commercial
video platforms such as Google Street View as an alternative to conduogtsite
Visits is an unacceptable practice. It is also unaccegible to use an inexperienced
RSA Observer or a neauditor to video record the project sitén lieu of a site visit

by the RSA Team.

Nighttime site visits shall be undertaken inaccordance with the Terms of
Reference but at leastduring Detail design stag and in Preopening stage road
safety audits.
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Upon completion of the site inspection the road safety audit team shall review the
findings made on site and correlate these with the information gleaned earlier and
the concerns identified for verification n-site.

The road safety audit team or the team conducting the site inspection shall
complete a site visit risk assessment prior to conducting the RSA site inspection
and shall wear personal protection equipment during the site inspection. This is of
paramount importance in Preopening stage RSA and any Interim audits being done
to allow partial takeover of worksand in any site visits that require exposure to
active traffic.

De-riefing meeting

Convening a debriefing meeting after the site inspection andbefore finalizing the
RSA report is advantageous whenever a large or complex project has been audited.
It offers the opportunity for the RSA team to provide insight to the client and the
design team on the issues likely to be included in the RSA report @aso allows
the RSA team to make sure that the audit team understood the dynamics of the
project. It also allows the RSA team toonfirm possible background to departure
from design standards if thesewere found to be contributing to road safety
concerns.

The debriefing meeting allows for the identification of possible out of scope
concerns before it finds its way into the RSA refioThe debriefing meeting also
offers the opportunity to the RSA team to remark on aspects which have been found
to be particularly good- issues which are not normally include in the RSA report.

The RSA Report

The road safety audit report shall be prepad based on the review of the drawings
and the observations by the RSA team (Appendix A5: Typical list of contents for RSA
report). The RSA report should be concise, while clearly identifying the location of
the safety concern and the Safe System princgd that are violated. Each road
safety concern should be clearly numbered and defined as specifically as possible,
with supporting photographs or illustrations as appropriate. The definition for a
road safety audit used in this manual reflects on the tecleal focus of the road
safety audit, rather than a gufeel comment of potential concerns. Appropriate
standards, guidance or reports should be referenced within each road safety
concern with the emphasis on compliance with the Safe System approach, but
clearly distinguished from compliance testing to design standards.

Each potential accident identified as a safety concern should be risk assessed in
accordance with the risk assessment methodology detailed in this report. If the
severity of an accident is idntified as exceeding tolerable levels (regardless of
reduced likelihood) this should be highlighted in the report.
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The Road Safety Audit report shall be written in an objective manner avoiding

judgment al terminol ogy sucH ammda‘tuns afed,i c
etc. The RSA report is also not a tool to redesign the project nor to prove to the
client t hat the RSA Team is “better” t h

recorded from the perspective of describing the problem, rather than framirig
from the perspective of the solution.

An appropriate mitigating measure addressing the safety risk should be
recommended for each road safety concern. Recommendations should be
constructive and aligned with the stage of Road Safety Audit being undertaken. In
general, recommendations in Stage$ and 2 would be more of a conceptual nature
and those in Stages 3 to 5 more related to aspects of detail.

The road safety audit team shall recognise that certain strategic decisions underpin
the project. These decisions would normally have been discusseedepth during
the planning and design stages of the project and are expected to provide a
balanced approach. Recommendations that question such strategic decisions
should be avoided unless they represent a serious threat to road safety of the
project. h such cases the recommendations should still focus on the improvement
of the design principle rather than the rejection of the premise. The RSA Team shall
refrain from making any recommendations that are not specifically driven by road
safety concerns.

The RSA report shall be signed off by the RSA Team Leader clearly indicating that
the road safety auditwas conducted in accordance with the guidelines contained

in this Manual. The audit statement shall also indicate any deviation from these
guidelines or fom the audit brief.

The RSA Suervice provider shall forward the completed road safety audit report
to the client. The client would normally forward the report to the design service
provider for review and response. The client may return the report ketRSA team

if aspects outside the scope of the audit are included in the report or if the audit
violates guidance given in this manual or in the audit brief. The client may also
instruct the RSA team to directlycopy the report to the design team for
consderation and response.

5.4 Closeout of the RSA

541 Designer’'s Response Report

The designer’s response is intended to
viewpoint may exist whichmay be considered to improve the safety of all or some
road-users. It offers the opportunity for finetuning a design to reduce the exposure

to hazardous conditions by balancing them with the current design proposals. The

for mat of the Designer’s Response Report
included in AppendiX/3A6 to this marual.
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The designer’s response report is not int
the designer disagree with specific aspects raised in the RSA Report, the design

team should respond using a fundamental assessment of the identified road safety

conck, n and n ad¢signed tostandardsiresponse.

The design team should refrain from motivating why a specific approach has been

taken unless this response would show that the original design provides a greater
degree of miti gat i eeommehdation. Foheach Ro&Asafatye a m’ s
concern raised in the RSA report, the Des
for the design team to agree or disagree from the audit team as to the assessment

of the safety concern. It also provides the opportunitgr the design team to accept,

reject or to propose revised mitigation measures.

In formulating its response, the design team shaklso consider the following
aspects, and respondtaking the road safety concerns into account

1 Is the defined issue withirthe scope of the project as identified in the RSA
Brief?
1 Would the recommendation made in the RSA report mitigate the safety
issue, reducing the probability of occurrence and/or its severity?
1 Will the recommendation lead to other nosafety issues, for exeple
mobility or environmental issues?
1 What is the cost implication of implementing the recommendation or could
a different more costeffective solution be usedn reducing the severity of
potential accidents?
The designer’ s responsteo ra&tptoadck itshenoRSA
recommendations but should have as objective the recognition that a potential
road safety concern may exist. The response report advises the client as to
meaningful improvement of such an identified road safety concern to give gter
protection to roadusers.

RSA Team reply

Provision is made in the closeut process of the road safety audit for the RSA team

to reply to each of t he-oudppxesginnetrintesdedr e s pon
asameanstoenterintadi scussi on on the merits of th
rather to minute whether the RSA Team agrees that possible revised mitigation
measures suggested by the design team would contribute to the improvement of

the safety concern without compromising ottt safety aspects of the project. In all
aspects a principle of “Do no harm” shoul

Client Decision Report

The Client Decision Report is a summary report used to record final decision by the

client. A template in the format of a decision tracking sheet is proposed in Appendix

V3A6 which would record the safety concerns identified and the recommendations
madebyt he RSA team, provide for the designe
as well as the decision by the client. If a safety issue is to be accepted, the Client
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Decision Report should outlinghe responsibility foractions that should be taken
to reduce the level of risk of the safety issue occurring. If a safety issue is rejected,
justification for the rejection should be documented and an alternative action be
recorded if possible.

The format of this tracking sheet is included as AppendifBA6 to this Pat of the
Manual. This sheet provides for a status indication for the closeit decision by the
client for each of the road safety concerns and for the signif by each of the parties
to the RSA process.

It is recommended that a copy of the completed ansigned off decision tracking
sheet be bound into the Road Safety Audit report as part of the project completion
documentation of the Road Safety Audit.
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APPENDIX V&1: LEGAL IMPLICATIONS OF ROAD SAFETY AUDITS

Obijectives:
1 To provide a basic description of legal principles involved in potential
litigation,
1 To sensitise the roadauthority and the road safety auditor to the risks

involved in the conduct or not of road safety audits.

Concern has been raised that conducting road safety audits might increase the risk of
the road authority to be found liable in a civil suit if an audidentified safety
deficiencies that could have contributed to a crash. The opposite viewpoint is also
possible, namely that a road safety audit demonstrates a proactive approach to
identify and mitigate possible road safety problems and could thus be ukas a
defence in liability litigation.

Criminal Law and Law of Delict

Road and local authorities are subject to the criminal law and can be prosecuted
comparable to an individual. A road or local authority also has certain statutory duties
with respect to the planning, design, construction, operation, management, control,
maintenance and rehabilitation of roads that expose them to a civil lawsuit. Such a
lawsuit is possible if an injured road user can show that a road authority has done
somethingthat a reasonable road authority would not have done or has failed to do
something that a reasonable road authority would have done.

Criminal Law

Criminal Law is directed at offences against public interests. Punishable criminal
conductisreferredtoasa “cri me” or “an offence” and i s
public trial. The offender is called “the
blameworthy conduct punishable by the state. Punishable criminal conduct could be a
contravention of eiher a common law offence or a statutory offence or both.
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All crimes are defined by law which means that the elements of the specific crime are
known and specified in the charge sheet (or other method of informing the accused
about the charges against hin).

The Constitution and the law of criminal procedure demand that the accused shall be
provided with sufficient information to be defended in a trial.

A crime (when committed) is investigated by the police. The complainant or the victim
who has suffered ham or injury because of the commission of such crime cannot
decide to proceed or withdraw the criminal charge. The National Prosecuting Authority
decides to prosecute the crime and even if the complainant does not want to proceed
with the criminal charge, he decision is not that of the complainant. The state bears
the onus to prove beyond reasonable doubt that the accused is guilty of the alleged
crime.

When an accused person or organization is convicted of a crime, the criminal sanction
or punishment thatfollows may be imprisonment, a fine, correctional supervision or
other forms of punishment provided for in the Criminal Procedure Act 51 of 1977 or
other Acts.

Law of Delict

Delict is a concept of civil law in which a wilful wrong or an act of negligemiees rise

to a legal obligation between parties for which damages can be claimed as
compensation for which redress is not dependent on a prior contractual undertaking
to refrain from causing harm. A delict may be defined abstractly in terms of
infringement of rights. The South African Legal System uses the law of delict as
opposed to torts. The Law of Delict is recognised as comprising of five generic elements
that all must be satisfied before a claim can be successful. These are:

1 Conduct- which may consst of either a commission (positive action) or an
omission (the failure to take required action),

1 Wrongfulness- the conduct complained of must be legally reprehensible. This
is usually assessed with reference to the legal convictions of the community,

1 Fault- once the wrongfulness of the conduct is established, it is necessary to
establish whether it is blameworthy. However, in certain instances it is possible
to find liability without fault, such as in cases of vicarious liability,

7 Causation- the conduct that the claimant complains of must have caused
damage; in this regard both factual causation and legal causation are
assessed. The purpose of legal causation is to limit the scope of factual
causation. When considering the event that has happenedjstasked whether
the damages sustained were foreseeable or too remotely connected to the
incident to even consider.
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1 If the consequence of the action is too remote to have been foreseen by an
objective, reasonable person the defendant will escape liabilitgs only
reasonably foreseeable damage may be recovered by an action in negligence,

1 Damage- finally the conduct must have resulted in some form of loss or harm
to the claimant for him to have a claim. This damage can take the form of
patrimonial loss (a eduction in a person's financial position, such as is the case
where the claimant incurred medical expenses) or nguatrimonial damages
(damages that cannot be related to a person's financial estate, but
compensation for something like pain and suffering),

South African law follows a conservative approach to the extension of delictual liability
and although organs of state and administrators have no delictual immunity,
something more than a mere negligent statutory breach and consequent economic
loss is required to hold them delictually liable for the improper performance of an
administrative function.

In terms of the South African approach, breach of a statutory duty is regarded as being
per se unlawful. To entitle a person to sue for breach of a statutoduty, it must be
shown that:

1 the statute was intended to give a right of action,

1 that the claimant was one of the persons for whose benefit the duty was
imposed,

1 the damage was of the kind contemplated by the statute,

T the defendant’ s dmachiaitbedutgandst i t uted a

1 the breach caused or materially contributed to the damage.

The Difference between a Delict and a Crime

The difference between a delict and a crime can be described as follows:

1 Delict is a civil/private wrong whereas crime is public wrong,

1 Action of delict is brought by the person who suffered the harm; criminal actions
are brought by the State,

1 Delict must be proved on the balance of probabilities while the commission of
a crime must be proved beyond reasonable doubt,

1 Main aimof an action in delict is to compensate the victim; in crime to punish
the guilty.

Negligence and Liability

In delict the conductrequirement is defined as a voluntary human act or omission. A
juristic person may act through its members and may thus belittually liable.

The capacity to act also encapsul ates wunde
actions. The South African law of delict is founded on the basic principle that harm
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caused by wrongful and blameworthy (or culpable) conduct can be ogered by
delictual action. A wrongdoer who caused damage could be delictually liable only if
there was fault on his part, which may be intentional or negligent.

Negligence arises where someone acts without taking proper carethey have not

acted asomaable person” would have acted.

1 Would a reasonable person in the position of the defendant [wrongdoer]
foresee the possibility of his or her conduct causing damage to another person?
1 Would a reasonable person have taken stefe guard against the possibility of
harm? and
91 Did the defendant fail to take the steps that a reasonable person would have
taken to guard against this possibility of harm?
For liability to attach, harm must be caused in a wrongful manner. Without
wrongfulness a defendant cannot be held liable. Wrongfulness is a conclusion of law
that the court draws (or does not draw) from the facts pleaded and proved by the

claimant. One cannot “prove wrongful ness

court may be prepared to draw the conclusion that the defendant acted wrongfully.
This can therefore relate to either a
omission to act. The general rule is that a person does not deliberately act unlawfully
when he meely fails to prevent damage or bodily injury to another. Liability only follows
if its failure was unlawful, and it would only be unlawful if, under the specific
circumstances, there was a legal duty on the said person to act positively to prevent
the damage, and he failed by acting in accordance with such a duty. Whether such a
legal duty exists is answered by means of the legal conception of the public morals.

Usually, one person cannot be held liable for the actions of another, but an employer
can be hdd liable for the actions of employees, arising out of the scope and course of
their employment; this is referred to as vicarious liability.

The right not to suffer physical injury at the hands of another is constitutionally
entrenched, and there is an injnction on our courts to develop the common law in
accordance with the spirit, purport, and object of the Constitution. That same right has
always existed at common law. At common law where there is bodily harm, it gives rise
to a specific civil claim whee proof of fault in the form of negligence has always been
necessary. Other than expert evidence, an exception to proving negligence can be used
by the claimant to show that the defendant deviated from standard practice.

This allows the claimant to infenegligence of the alleged wrongdoer merely from the
fact that the incident, which was under the exclusive control of the defendant, actually
happened, that the incident would not have happened in the absence of negligence,
and that the claimant did not cotribute to the harm by his own negligence. The burden
of proof then falls on the defendant to refute thiprima facie inference of negligence
that has been created.

T

” .t
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Possible Defences in Delict Cases

If any of the generic elements of a delict can be showa be missing, there is no case

to answer. For example, the defendant may be able to prove the absence of negligence
or show that the act was committed by some other person altogether or that any one
of the five base elements were not proved by the claimant

The common law test for unlawfulness in case of omissions is that the court must find
that a failure to fulfil a legal duty existed and that such failure caused harm. The
existence of a legal duty will be a value judgement on what is reasonable and algb
include the court's assessment of the "common convictions of society".

Defences to negligence

The most straightforward defences are:

1 that a reasonable person would not have foreseen the harm; or taken the steps
necessary to guard against the harm,

1 that one acted reasonably (i.e., if a reasonable person would not have done it
then the defendant (accused) does not need to do it either).

1 A partial defense is to establish that someone else was also at fault
(contributory negl i genedded dcoording dovtlee o n e’
degree of fault of the other person.

The State is hot immune against claims based on invalid administrative action, but the
negligent breach of a statutory duty that causes loss is not enough to establish liability.
The existence ad breach of a constitutional norm or fundamental right will always be
relevant during an enquiry into delictual unlawfulness but will ngter se lead to a
finding of unlawfulness, as all circumstances will be considered in an enquiry and
normative policy &ctors will determine liability. Policy considerations of fairness and
reasonableness must be considered when imposing a legal duty (duty of care) and
ultimately liability to make good the harm suffered by a claimant.

Statutory Duties of Road Authorities

Road Infrastructure and Traffic Acts

Road authorities in South Africa are subject to at least two pieces of legislation that
govern their conduct as far as potential exposure to delictual liability is concerned. The
primary legislation is the founding leglation for that authority, whether an agency like
South African National Roads Agency Limited (SANRAL) or a provincial or local
authority. In all these acts the responsibility to establish and maintain roads are given
to such agencies or authorities.
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Whereas certain legislation specifically avoids the setting of a legal duty and empowers
the authority to do certain tasks, the court ruled in cases that the community
considered such a task as part of the duties of the road authority. Notwithstanding
restrictive conditions in legislation the courts have considered claims where
negligence had been based on the omission to comply with such tasks or functions.

A second piece of legislation that governs the operations of any road authority is the
National Road Traffic Act, 1966 and its National Road Traffic Regulations, 1999. The
Act clearly specifies the responsibility for the display of road traffic signs on public
roads. Whereas the Act provides for the display of those signs that the responsible
authority may deem fit, the Regulations to the Act clearly indicate that any road traffic
sign should be displayed in accordance with the SADC Road Traffic Signs Manual. This
immediately establishes the Traffic Signs Manual as the reference document to
determine if signs have been installed in the way that the reasonable professional
would have done. It is therefore essential that the road authority and those that are
advising the authority on signs for projects should take cognisance of the conditions
which the dgns should comply with and be aware of the potential risks involved if the
signs are not being displayed as intended in the legislation.

Access to Information

An additional piece of legislation exists in the South African legal environment that may
have an impact in the arguments surrounding possible litigation on perceived
negligence. This legislation is the Promotion of Access to Information Act, 2002.

Although this legislation has nothing to do with negligenceer se, it does provide the
opportunity fa a claimant to discover reports available to the authority leading to an
argument that the road authority had known about deficiencies in the road
environment and should therefore have acted to remove such deficiencies or to have,
at least, safeguarded tle situation for the general travelling public.

Implications for road safety auditing

Liability arising from the conduct of an audit

The main concern for the road safety auditor is that he or she fails to identify an issue
that later leads to a crash, whihb leads to litigation. There may be several reasonable
explanations for this:

1 The safety problem was identified and discussed in the audit team but not
included in the safety audit report because it had been rejected in a previous
Audit Response report,

1 The safety problem affected part of the project that was outside the scope of
the road safety audit brief,
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Road safety knowledge has changed since the road safety audit had been
carried out. At the time of the audit, it would have been unreasonable to forese
that type of problem,

The safety problem was considered by the audit team, but not included in the
road safety audit report because it was not a real problem at that time or one
with a very small chance to cause an accident,

The accident that took placemay have resulted from human error or from a
vehicle fault.

The road authority as client of the road safety audit may also have certain concerns
after an accident occurred on a new or improved road project:

T

No road safety audit was undertaken, despite predures being in place
recommending road safety audits, or common practice demonstrating that
others would have conducted road safety audits under similar circumstances,
The road safety audit identified the possibility of a similar type of accident and
made recommendations for improvement. However, no evidence exists of any
response to the audit and no changes were made to the design in response to
the recommendations,

The road safety audit identified the possibility of a similar type of accident, but
the road authority rejected the findings of the audit team or rejected the
recommendation of the audit team without implementing reasonable
alternative mitigating measures,

The road safety audit was carried out by untrained road safety auditors, or
auditors undetaking an audit beyond their level of competence or experience.

Minimising the risk of litigation

To minimise not only the potential for successful litigation, but also to reduce the
possibility of a claim being made in the first instance, tHellowing steps may be taken:

T

Road authorities should ensure that road safety audits are undertaken. If
resources are constrained then road safety audits should be conducted on a
prioritised basis, where the prioritisation should be done in accordance wih
policy accepted by the authority.

The draft policy in this regard should have been cleared by legal counsel for the
road authority.

The road safety audit process should be well documented and road safety
auditors should be able to show that the auditsdve been done and that notes
have been kept of deliberations and team discussions, especially of those

“findings” that had not been included

Road safety auditors should ensure that safety concerns raised as issues in
previousaudits should be repeated in subsequent stages of a road safety audit
if still relevant.
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1 Road safety auditors should be careful in their choice of language in a report.
The words “must” and “shall” could be
that the road safety auditor assumed a line function responsibility for the
project, rather than an advisory role.
1 Clients should ensure that they commission road safety audits from competent
road safety auditors who can demonstrate that they are suitably experienced
to undertake the task.

1 Authorities should decide how long to retain records of a road safety audit and
to keep such records accessible in the case of a late claim.
1 Clients should ensure that they consider the findings and recommendations of

a road safetyaudit report and the preparation of an audit response report. The

court may take greater cognisance of what was said and done at the time of
responding to an audit, rather than the justifications developed after an

accident has taken place.

Conclusion

Notwithstanding the possibility of litigation, road safety auditors should keep the
objective of reducing the risk of crashes or the reduction of severity of crashes as their
prime motivation.

By padding road safety audit reports with risk averse or unreasbie findings merely

to “cover your back” the road safety auditc
and the cost of a project, without contributing in a reasonable way to the true objective

of the road safety audit.

Decided Cases

The followingcases are examples of the way the courts review cases which could be
linked to road safety audit principles:

1. Cape Town Municipality v Bakkerutl997 (4) SA 356 (C)

2. Mcintosh v Premier, KwaZuhliNatal (632/07) [2008] ZASCA 62 (29 May 2008)

3. Graham v CapeéVietropolitan Council 1999 (3) SA 356 (C)

4. Esterhuizen e.a. v Die Lid van die Uitvoerende Raad vir Openbare Werke, Paaie
en Vervoer van die Vrystaat Provinsie, Case 1673/2004; Unreported Case; 23
June 2005; G van Coppenhagen J
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APPENDIX V&2: PROGFORMA: TERMS OF REFERENCE FOR
ROAD SAFETY AUDIT

Bl TERMS OF REFERENCE
B1.1 DEFINITIONS
1. The following definitions will apply to these Terms of Reference:

a) “South African Road Safety Audit Manual

i.  the Draft 3rd edition of the guidelies manual developed as part of the
TRH/TMH series of guidelines and standard methods published by the
Committee of Transport Officials (COTO) to describe the principles,
policies and procedures to manage and conduct road safety audits, road
safety investi@tions and supporting road safety assessments or reviews,
together with all the appendices forming part of TRH 29 Volume 3: Road
Safety Audit, or

ii. the South African Road Safety Audit Manual or TRH 29 Volume 3: Road
Safety Audit, (latest edition) sourced fro the following website: -
http://www.rtmc.co.za/index.php/publications/rs-audit-manual

iii.  And/or: a road safety audit manual identified in Schedule 1 herewith to
be used forspecifically identified road safety audit aspects.

b)“ Audi tor” means a Road Safety Auditor a
client organization to conduct a road safety audit in terms of the South
African Road Safety Audit Manual.

c)“l ndependent” means
i.  that the Auditor has no business, financial, personal, or other interest in
the activity or application of which that Auditor is authorized to conduct
in terms of the South African Road Safety Audit Manual other than fair
remuneration for work performed in connection with that activity or
application;or

i. that there are no circumstances that may compromise the objectivibf
the Auditor performing such work.

d“Service Previder” means
i. The design organization commissioned by the clientrganization to
review the conditions related to the proposed project and to develop the
necessary designs and reports to meet the objectives of the project,

e) " Stlervice Prowvider” means
The organization commissioned to conduct the road safety audit using key
personnel as Auditors.


http://www.rtmc.co.za/index.php/publications/rs-audit-manual
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B1.2 RESPONSIBILITIES OF THE-SERVICE PROVIDER

1.

The SubService Provider shall conduct a road safety audit or road safety audits
on the project in accordance with the South African Road Safety Audit Manual.

The road safety audit/ audits and any supporting road safety investigations are
to be undertaken as per the guidelinesand specificationsoutlined in the South
African Road Safety Audit Manual.

The road safety audit/ audits shall be conducted for the stages as indicated in
Schedule 1 herewith.

The SubService Provider shall act as Independent Road f8y Auditor to
ascertain the acceptability or not of the proposed design being considered. The
audit opinion will be submitted to the Client Organization to inform the
finalization of the current stage of the design of the project.

The SubService Prower shall submit a full disclosure of their independence as
Road Safety Auditor. Any links (shareholding with directorship, both executive
and nonexecutive) with the Client Organization or the Service Provider or a party
contracted to execute constructiorwork on the project or any other entity that
may influence its independence as an auditor shall be disclosed in full at the
onset of the project. Should conditions change affecting the disclosure after such
disclosure the Subservice Provider shall forthith update the disclosure with the
relevant information.

The SubService Provider shall carry out his work, which is focused entirely on
the identification of safety concerns and recommended remedial measures and
submit his findings independent of the mferences expressed by the Client
organization, the Project Engineers, the Design Organization or any other role
player or interested or affected party.

The SubService Provider shall submit his findings and recommendations for
mitigation of safety concens in a road safety audit report as indicated in the
South African Road Safety Audit Manual

The findings and recommendations made by the S«8ervice Provider shall also
be summarized in the prescribed format in a Decision Tracking Record (DTR).
The DTRshall be used by the Design organization to accept, reject or partially
accept the findings and recommendations made by the St8ervice Provider.

The SubService Provider shall consider all comments received from the Design
Organization by means of th®TR and use the DTR in an interactive manner to
recommend acceptance or rejection of any or all responses received from the
Design Organization as a safety advisor to the Client Organization.



South African Road Safety Assessment Methods
Volume 3- RSA Part APolicy and Procedures

10 The SubService Provider shall refrain from conducting a road safety audit by only

providing comments as per detailed audit checklist and the completion of such
checklist template sheets unless specifically instructed by the Client
Organization in Scheduld or in the Road Safety Audit Brief. In such case the
completed safety audit checklist sheets shall be supplemented by a geo
referenced video recording of the project which may be viewed on a public
accessible video viewing platformiThe completed safetyaudit template sheets
and video recording shall be appended to the road safety audit report in a readily
accessible electronic format.

B1.3 DESCRIPTION OF THE PROJECT

1.

The location, length, size and characteristics of the project to be road safety
audited are described in Schedule 1. This description agrees with the location
and relevant information of the scope of works for which the Service Provider as
Design Organization has been commissioned.

The description of the project shall include a descriptiorf the functionality of
the proposed project and describe the anticipated development strategy which
would be followed in the construction to enable the Auditor an improved
understanding of the sequential development of the project schedule.

The descriptimn of the project shall also include any facilities that would be
decommissioned as part of the development of the new project in order for the
Auditor to better understand possible changes which road users may need to
become accustomed to.

Should the Contactor propose a significantly different development strategy, the
Service Provider shall advise the Auditor of such changes forthwith to determine
if the proposed changes would influence the scope of the road safety audit.

Bl1.4 PROJECT BACKGROUND

1.

The roleand objectives of the project to be road safety audited are described in
a local, regional or national socieconomic context in Schedule 1. This
description may be described in more detail in design reports that the Auditor
may receive in accordance witthe Road Safety Audit Brief.

The road safety background to the project may also be described in more detalil
in the Road Safety Audit Brief or in copies of earlier stage road safety audit
reports to be provided to the Auditor if conducted and available.

B1.5 SCOPE OF THE ROAD SAFETY AUDIT

1.

The scope of the audit shall be described in Schedule 1 as one (or more) of the
standard road safety audit stages as referenced in South African Road Safety
Audit Manual and any other specific road safety taskacluded in the scope of
the audit.

. The subject of the audit is the Contract Scope as reflected in Schedule 1 and the

latest design or tender drawings that have been prepared. In case of any
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discrepancy between the two sources, the drawings shall take pesience.

. The road safety findings and recommendations to be made by the Auditor, are
expected to take account of the ultimate solution, and express a view on the
implementation schedule.

If partial occupation of the works would be taken as part of the temgoy traffic
management during construction the Auditor may be required to conduct one or
more Stage 5: Preopening audit(s) as Interim audit(s) to allow possible remedial
road safety works to be agreed and implemented prior to the partial opening of
the works to public traffic.

In the case of a Conceptual Design Stage Audit (Stage 1 RSA) the scope of the

audit shall clearly indicate if an audit would be required for different options or
alignments developed by the Design Organization. If more than ondeme or
alignment would be subjected to an audit
Schedule 1, instruct the Auditor to conduct a full audit with road safety audit

report on the primary scheme to be recommended by the Design Organization,

and audits ata more macro level conducted to assess the safety of possible local
alternative options, provided that the scheme which eventually progresses to
subsequent design stages would be fully audited and closedi.

. The Auditor shall not be required tstate an opinion comparing schemes or
alignments to be more or less safe than the other(s).

. A specialist road safety engineer may be engaged on the design team. Whereas
the Auditor should propose possible remedial measures for identified road safety
concems, it is not the responsibility of the Auditor to develop design solutions for
such remedial measures. If so provided in Schedule 1 and specifically approved
by the Client’s Representative, t he Desi
express a road safetyppinion on an aspect of the design that may result in delays
or the design becoming locked into less safe conditions which could constrain the
implementation of remedial measures at a later stage. Such an opinion shall be
expressed in the form of an Intem Audit that addresses only that aspect. Nothing
precludes the Auditor to revise such an interim audit opinion once the full audit
is conducted and that particular road safety concern is reviewed in broader
context.

. The scope of the audit shall cover the aster listing of aspects to be audited as

described in the master audit listing contained in South African Road Safety

Audit Manual. Individual projects may not require all the aspects to be audited.

Any aspect which the CI ieanditedsrdepte pr esent at
and/or accident analysis to be done for a road safety investigation on an

existing road, should be identified in Schedule 1.
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B1.6 METHODOLOGY FOR THE ROAD SAFETY AUDIT

B1.7

1.

2.

The road safety audit shall be conducted in accordance with the metiology
described in the South African Road Safety Audit Manual.
The Service Provider, I n consultation wi
on the scope of the audit, any specific aspects that need to be emphasized and
prepare an Audit Brief for tB SubService Provider.
A Commencement meeting shall be held where the scope shall be discussed, as
well as schedule, program of daytime and nighttime site visits, need for-bieef
or completion meeting, submittal of RSA report and the closeat process.
Any deviation of the agreed methodology shall be raised as soon as the need for
the deviation become known. An alternative methodology shall only be accepted
upon proper motivation by the Service Provider and/or the Si&®rvice Provider.
Any deviation fronthe agreed methodology shall clearly show that the road safety
audit findings would not be compromised compared with results expected from
the agreed methodology.
The Service Provider and SuBervice Provider shall take specific notice of the
closeout process described in the South African Road Safety Audit Manual.
Deviation from the closeout process will only be considered in extraordinary
cases.
The function of the Auditor in the closeut process, should be clearly understood.
The Auditor is not in te line function and shall not give any instruction or
comment on designer responses in a manner which may indicate a position any
other than that of a road safety advisor

REPORTING

The SubService Provider shall prepare the RSA report in accordanaéwhe South
African Road Safety Audit Manual. Road safety concerns shall be identified
individually unless a particular concern occurs generally, which would then be
referenced as general, with the appropriate remedial measure also applicable
generally.

Each road safety concern shall be risk assessed in accordance with the risk
assessment methodology described in the South African Road Safety Audit Manual.
The risk assessment shall be recorded in the RSA report.

The Sub-Service Provider shalsubmit the audit report/ draft audit report to the
Client Representative who shall facilitateesponsesfrom the Service Provider/ or

Design Organization in the form of Desigr
Form.
Unl ess t he Designer ' s Responses agree

recommendations of the Auditor, the Decision Tracking Form shall be reted to

the Auditor for consideration of the Desi
be succinct and indicate if the Designer responded to a concern that was properly
understood and record if the responses contribute to improvement of safety.

TheAidi t or shall return the Decision Track!
for consideration, decision, and relevant instruction to the Design Organization.

In developing the RSA report, identifying safety concerns and remedial measures,

or replyingtoDesi gner’ s Responses, the Auditor
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Empl oyer, Client’s Representative or Proj
of the scheme plan, and shall not be interfered with in the execution of his duties,
save for when the ProjecEngineer is required to make submissions or provide
clarifications.
B1.8 PERSONNEL REQUIREMENTS

1. The SubService provider shall recognize that information regarding key persons
such as the proposed roadgafety audit team leader and supportingpersonnelwho
will be involved in the audit forms part of the adjudication for the assignment and
shall be provided using the prescribetbrms.

2. The SubService Pr o v i praposal ®f key persons becomes a contractual
commitmentupon award. However, theEmpoyerrecognizesthat key personsmay
for some,or otherreasonis notavailablefor the full duration of the project and any
changes to those listed are, to all intents and purposes, a change or variation to
the contract. Any proposed change shall be handled formally by way of written
request and approval but does not require a variation order toe submitted.
Replacement personnel shall be of same or better competence and experience as
those initially accepted. Re& val uat i on by t bfenyEepagdneny er ' s
key personnel shall be paid for by the SubService Provider unless the
circumstancesdictating the changes are completely outside of the control of the
SubService .Provider' s

3. The Auditor performing the duties of the Road Safety Audit Team Leader shall be
permanently employed staff of the Sul$ervice Providerand shall be a
professional engineer or professional technologist duly registered with the
Engineering Council South Africa. Other Auditoos the audit team may be
subcontracted to the SukService Provider.

4. Auditors shall comply with the minimum qualifications and experice levels as
indicated in the South African Road Safety Audit Manual. The Road Safety Audit
Team Leader shall have at least 10 years pogtaduate experience in road safety
engineering and/or traffic engineering and/or geometric design. Road Safety
Auditteam members shall have at least three years of experience in road safety
engineering and/or traffic engineering and/or geometric design.

5. If specified in Schedule 1, it is compulsory for the Stfervice Provider to engage
one additional Road Safety Audieam member from QSE/EME companies/firms
for capacity building. Such a member should at least comply with the
requirements for a RSA Observer/ Audit trainee as indicated in the South African
Road Safety Audit Manual.

6. The SubService Provider may be requictkto sign a declaration of independence
to be submitted when required.
B1.9 TIMEFRAME FOR ROAD SAFETY AUDIT

1 The envisaged timeframe to conduct the audit, present the findings and the road
safety audit report and complete the closeut procedures are recorded in
Schedule 1.

B2.1 MEASUREMENT AND PAYMENT
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PROFESSIONAL SERVICES WBRFKAKDOWN

Item No

Item description

Unit

(@)

Road safety audit brief by Project Engineers and/or
Commencement meeting and/or preparatory works
regarding entire future road scheme and
implementation schedule via Video Conferencing
facilities (e.g. MS Teams)

Hour

(b)

Onsite inspection; daytime and/or nighttime, including
photographing or videographing and hosting the videc
on a platformavailable for viewing by the Client or
Client representative

Hour

(©)

Conducting Road Safety Audit of the project at the au
stage(s) as indicated in Schedule 1, including review
drawings, analyses of site inspection information,
identification of safety concerns and remedial
measures, compiling road safety audit repgrand
engagement with the Client Representative for
completion of remedial measures

Hour

(d)

Stage 5 Preopening Road Safety Audits of road
scheme prior to partial or final opening to road users
identification of safety concerns and remedialorks,
preparation of Interim and/or final Safety Audit Repo
and engagement with Client Representative for
completion of remedial measures

Hour

(e)

Interim road safety audits on an as and when
required basis for road safety engineering liaison wit
Design Team providing road safety opinion, or as
approved by the Client .

Prov.
sum
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() Issuing the above reports (2 x hardcopies) and Hour
discussing the findings with the Service Provider anc
the Client Representative via Video Conferencing
facilities (e.g. MS Teams)

(9) Initiating and conducting a completion meeting Hour
including finalization of the report and submission of
X hardcopies and 1 x digital version

(h) Cost for managing, mentoring, and guiding the Hour
QSE/EME

The tendered unit of measurement for sutiems 1(a) to 1(g) shall be the number
of hours required to perform all the tasks as listed ansub-divided per category of
the audit team personnelas wellas the hourly ratefor each categoryof the audit
team personnel, as well as the hourly rate for the Audit team Member sourced from
the QSE/EME company.

The tendered unit of measurement for suiiem 1(h) shall be the number of hours
required to manage, mentor and guide the QSE/EME companyconnection with
subHtems 1(a) to (g)
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2. DISBURSEMENTS (incl. for QSE/EiM&mber)

Item No. Item description Unit
(@) Handling costs i.r.o subtem 1(h)) Lump Sum
(b) Travel km
(c) Accommodation day
(d) Other (meetings, venuesphotographs, printing of | Lump Sum
reports, etc.)
(e) Allowance for additional Requirements by Employel Prov Sum

The tendered unit of measurement for sutiem 2(a) shall be a Lump Sum and shall
cover all additional costs associated withmanaging, mentoring and guiding the

QSE/EME company during the execution of the RSA contract not covered insub
item 1(Q).

The tendered unit of measurement for suliem 2(b) shall be kilometers (km) and
shall cover all costs associate@ith all travelbythe ServiceP r o v itaghreandtise
QSE/EMEcompaniesaudit team member during the execution of th&kSAcontract.

The tendered unit of measurement for suiiem 2(c)shallbe in days and shall cover
all costs associated with all accommodating the Service o v i d e rahdghet e a m
QSE/EME companies audit team member during the execution of tR&Acontract.
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Thetenderedunit of measurementfor sub-tem 2(d) shallbe a Lump Sumand shall
cover all disbursement costsassociated with meetings, venues, photographs,
printing of reports and all other costs required by the ServiceP r o v itehm and s
the QSE/EMEcompanies audit team member during the execution of the RSA

contract.

The tendered unit of measurement for suliem 2(e) shall be a Provisional Sum and
shall cover any other additional requirements or services required by the Employer
and not covered elsewhere.

B3.1 SCHEDULE 1 TO THE TERMS OF REFERENCE FOR ROAD SAFETY AUDI

TOR Ref

SUBJECT

CONDITION

T B1.1.1(a)

1 Road Safety
Audit Manual

South African Road Safety Audit Manual (COT®) 3
edition [Indicate Draft/ Final] [And/ or]

[Indicate an additional road safety audit manual, if
required

to be used for the following specific aspects:

Indicate aspects to be subjected to the additional roa(
safety audit manual]

Bl.1d

Service Provider

[Indicate the name and contact details of the design
organization]

B1.2.3

Road safety audit
stages

[Indicate the RSA stages to be conducted:

Stage 1: Conceptual Stage RSA/ Feasibility Study
Stage 2: Preliminary Design Stage RSA

Stage 3: Detail design Stage RSA

Stage 2/3: Combined Design Stage RSA

Stage 4: Accommodation of Traffic Stage RSA

Stage 5:Preopening Stage RSA

Thematic RSA: éééééeéeéeéée
And/or

[Indicated if Interim RSA are allowed or
required]

B1.2.10

RSA Checklists

[Indicate if the RSA Report shall be supplemented by
detail completed RSA checklist templates; Indicate th
density or distance interval for which the checklists
shall be prepared and submitted]
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TOR Ref SUBJECT CONDITION
B1.3-1 Description of the [Provide summarized detail of the location, size and
Project particular components of the project. Provide details
of possible stagedmplementation. Describe elements
of the current situation which roadusers are
accustomed to which would become obsolete under
the new project.]

B1.4-1 Background to the [Describe the rationale supporting the new project, th

Project goals and objectivesand the strategy to develop the
project. Describe any previous RSA reviews and maif
concerns accepted or rejected/ delayed]

B1.51 q Scope of the [Describe any specific aspects that should be

Audit addressed as part of the standard stages of RSA or a
a specific requirement.]

B1.55 Multiple Stage 1 RSAs | [Describe the need to conduct multiple Stage 1 road
safety audits for more than one options; Clarify which
if any, should be done in full, or which should be done
partially.]

B1.5-7 Road safetyopinion or | [Indicate if the subservice provider may be requested

Interim Audits to conduct an Interim audit to express a road safety
opinion to the design team to avoid locking in designs
with potential safety concerns]

B1.58 Aspects to be reviewed [ldentify specific items which the road safety audit

in depth team should address in detail and/or accident
analysis to be conducted as part of a RSINV.]

B1.85 Personnel [Indicate if it is compulsory to expand the RSA Team

requirements by inclusion of aRSA Team member or observer from
a QSE/EME company]
B1.9 Timeframe [Indicate the dates for the start and end of the road

safety audit and any specific intermediate deadline fo
submittal of reports]
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APPENDIX V&3: PROGFORMA:NOMINATION FORM FOR RSA
TEAM MEMBERS

Name
Audit Team Position: TeamLeader* TeamMember* Other .........coevvviiiiinnn,
Organisation / Employer:
Date / e-mail Date: e-mail
Contract number / Project/ Contract No. Project

ContinuedProfessional Development Record

Course/ Presenting Organisation/ Type of Cours¢ Date Course/ Duration
(Example: Road Safety Audit/ SARF/ Residentiatheory and CPD (days)
practical)

Qualifications / Accreditation

Accreditation/ Qualification Name / Awarding Body Post Date
Nominal

RSA Accreditation:

Professional registration

Professional qualifications

Record of Recent Road Safety Audits (Previous 2 to 3 years only; Specialist audiigears)

Scheme / Details Date Role

Audit Name / Stage:

Brief Description:

Audit Name / Stage:

Brief Description:

Record of Recent Safety Engineering, Crash Analysis or Collision Investigations (Previe@sy/2ars only
Project / Details Date Role

Type. Name and Location of Project:

Description:

Type. Name and Location of Project:

Description:

Name

Project
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Career Summary (500 words max) including RSA experience and key dates
(Show experience in safetgngineering, accident investigation and road safety audit/ role and
relevancy to current project)

Brief Description

Record of Other relevant information wrt road safety audit/ crash investigation / road safety
engineering offered for information of the client.

Brief Description:

Statement—

I confirm that the information given above is a true and accurate reflection of my training and
experience as a road safety auditor and that | meet theequirements contained in the SA Road
Safety Audit Manual for the nominated RSA Team position on this project

Name Signature:

Date:
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APPENDIX V&4: PROFORMA CHECKLIST: ROAD SAFETY AUDIT
BRIEF

Relevant Stakeholder contact details

Client Organisation Contact

Project Name:

Project Manager Contact:

Design Team Contact:

Road Maintenance Contact

SAPS/ Metro Police Contact

Road/ Metro Local Authority

Road Safety Audit StagRequired:

Contract Start Date: End Date:

Required RSA Stage

) Required date: RSA Report
1. Conceptual Design

. . Required date: RSA Report:
2. End of Preliminary Design

. . Required date: RSA Report:
3. End of Detailed Design

. . Required date: RSA Report:
2/3 | End ofDetailed Design

. Required date: RSA Report:
4 Work Zone Traffic Management

. Required date: RSA Report:
5. Pre-Opening

Liaison and RSA Requirements

Comments

RSA Team approval meeting

Commencement meeting

De-brief meeting

Completion meeting

Nighttime site visit

Video record of site driveghrough

Append checklists to RSA report
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Road Safety Audit Brief

Details of Exemptions or Relaxation Vi.
from Design Standards

Project Drawings including:

Layout

Road Signs and Markings

Long Sections

Cross Sections

Fencing

Lighting
Drainage
Landscape Detalil
Other:

Plans forinclusion in Road Safety Audit
Report (A3 or A4):
Electronic copies

Hard copies
General Details including:
Design Speeds
Speed Limits
Traffic Flows: Existing & Forecast
Capacity Calculations
Queue Lengths
Traffic Signal Phasing/ Timing
Norrmotorised User Flows
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Desire Lines

Environmental Constraints

Other relevant factors including:
Adjacent development
(proposed/existing)
Proximity of schools, hospitals,
retirement homes/ etc (Landuse
plan)
Emergency vehicle access
Public Transport routes
Accident data 24/ 36/ 48/
months

Reports:

Design reports
Previous RSA Reports
Details of any changes since last
RSA
Previous DesignersResponse
Reports
Previous Client Decision Reports

Other Data

Signed by/ for Client: Date:
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APPENDIX V&5: TYPICAL LIST OF CONTENTS FOR THE RSA
REPORT

Cover page
[Title and stage of reportClient organisation and Road authority; Date and revision of the report]

Document control sheet

Executive Summary
[Optional when the RSA report is particularly long, or conditions are complex or require
specialists]

Table of Contents
1 Introduction
1.1  Title of the Road Safety Audit
[Identify the road safety audit project and stage of the RSA.]
1.2  Commissioning Authority

[Identify the relevant role players such as client, project managers, design team contractor
and any other relevant party of significace]

1.3 Terms of Reference

[Identify contractual issues and salient aspects from the RSA Brief; describe how the TOR
had been complied with]

1.4 Road Safety Audit Team

[Record the members of the RSA team, indicating their affiliation, specialists and
observers. Also record the names of significant representatives from the client
organisation, design team and contracts manager if they attended the site inspection]

2 Background

2.1  Site description and scope of the audit

[Describe the site and conditionshiat may have an influence on the safety of roadsers
on or adjacent the project]

2.2  Findings resulting from previous road safety audits

[Describe information related to earlier road safety audits and the closmut of these earlier
audits, particularly trose findings that had either not been closed or had been postponed
to the current audit.]

3 Road Safety Concerns from the current Road Safety Audit

[Sequential listing of safety concerns and recommendations, including photos (use of
which is to be encourged), annotating findings on a suitable set of plans, where emphasis
is desirable. Rate concerns in accordance with the risk assessment methodology aid
designers and client organisation]

4 Road safety audit team statement
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[In accordance withprescribed format, recording possible deviation from the standard set
in the Manual.]

APPENDICES

A Marked-up drawing with indicative location of safety concerns

B Road Safety Audit Brief

C List of reviewed drawings

D Risk Assessment methodology

E RSA Detsion Tracking Form (To be included upon finalization of RSA)
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APPENDIX V&6: PRGFORMA: DECISION TRACKING FORM

DECISION TRACKING FORM

Contract Number: TRD XX/ CCYY Client: Progressive Metro Municipality
Project Project Name RSA Stage & Description:
Road Safety Auditors RSA SUM Body Design DTC Consultants Inc
Consultants AN Other Consultant:
Road Authority
Audit Team Findings Designer Responses Audit Team Replies Disposition
S Audit Team Reply
Identified Risk N ResponseResponse (1( Comment and -
Mitigating : Comment (to Decision| Comment
: recommend 3 Status
\ICEELEI) Recommendatior B8y ) designer)
Pedestrian accident at Horizontal distance Agree Agree Horizontal distance | Accept as Response for
median crossing between crossings for Avenue 1 is noted Avenue 2
Insufficient separation should be extended sufficient; Median outstanding
Risk rating: Medium and fenced in fence to be done
Location: Avenue 1 & 2 median/ pedestrian under Landscape
Limited lateral distance fence. contract/ Out of
%_ between crossing points in scope forthis
S the median. leading to poor contract.
g pedestrian behaviour
w diagonally shortcut betweer
crossings and increasing
the risk ofvehicle-
pedestrian crashes.
1
2
RSA Team Findings Sign Designer Responses | Sign Reply Sign Client | Sign
Date Completed Name Date of Response Name Replied | Name Date |Name
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FOREWORD

Compiled under the auspices of the:
Road Traffic Management Corporation (RTMC)
(RTMC Requisition: 1004535)

Published by:

Road Traffic Management Corporation (RTMC)
Road Traffic - Private Bag X147, Pretoria, 0001

Disclaimer of liability:

This document comprising several parts, is provided as a preliminary document
without any warranty of any kind expressed or implied. No warranty or
representation is made, either expressed or implied, with respect to fitness of use
and no responsibility will be accepted by the Committee or the authors for any
losses, damages or claims of any kind, including, without limitation, direct, indirect,
special, ncidental, consequential or any other loss or damages that may arise from
the use of the document.

All rights reserved:
This document will form part of a revised and updated South African Road Safety
Assessment Methods manual intended for use on all publicad or traffic schemes
in South Africa. No part of this document may be modified or amended without the
permission and approval of the RTMC.

Existing publication:
This document forms part of the update of the South African Road Safety Audit
manual, 2nd Edition, May 2012 (SARSAM 2012)

Document versions:
Draft Standard:This draft of Volume 3, Road Safety Audit: Part A has been prepared
to address RSA Management Policies and Procedures and should be read with
Volume 3, Part B describing the exaition of road safety audits. They have been
prepared for the Update of theSouth African Road Safety Assessment Methods
manual and remains the intellectual property of the RTMC.
The contents of the report may only be used for the Update of the South Asdinic
Road SafetyAssessment Methods manuastudy for which it was commissioned
under licence and shall not be reproduced or used in full or in part outside of this
application without the authorisation of the RTMC.

Comments:
Comments on this working draft should be provided in writing aneh@iled to the
developers of the document, Messrs CSIR for attention of the Project Manager, Mr
Michael Roux atmproux@csir.co.za

This document and its various parts will only be published in electronic format.
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PREFACE

TRH 29 consists ofthree mutually supporting volumes related to successive
diagnostic practices to improve road safety on the South African road network.
These volumes are:

1 Volume 1: Network screening
1 Volume 2: Road Safety Assessment
1 Volume 3: Road Safety Audit (Thi®lume)

The South African National Road Safety Strategy 202630 (NRSS) accepted the
vision of “Safe and Secure Roads”. South
reduction of an unacceptable global road safety problem that claims the lives of

some 1,3 million people annually. NRSS aims to addresisis problem on a national

scale across different subject areas. This document will fall under the Safer Roads

and Mobility theme ndDecatlehoéActidmfortRead Sdfetyt i ons
2021-2030. Oneof the strategic themes adopted for achieving Safer Roads is the
implementation of a Road Safety Audit Programme on new and upgrade road
infrastructure projects.

Volumes 1 and 2 of TRH 29 provides guidelines on applying curative methods for
the identification and improvement of hazardous locations, roads, and routes. They
also provide proactive assessment methods for the identification and treatment of

road safety deficiencies.

Network screening (Volume 1y a process for reviewing a transport or road tiféc
network with the objective of identifying and ranking sites from most likely to least
likely to realise a reduction in accident frequency following the implementation of
appropriate safety improvement measures.

Road Safety AssessmeniVolume 2) is awotiered process, namely:

1) Network Level Assessment (NLAyhich is a routine, programmed and
systematic field survey on existing roads to identify risk factors that can be
mitigated against to achieve enhanced safety, and

2) Road Safety Inspection (RPlis an expert assessment of the road
environment conducted in response to an identified road safety issue on a
section of the road network. RSI involves an expert anddepth review of
the safety of existing roads. Apart from identifying safety problems, the
assessment team should be looking out to identify and recommend viable
and costeffective measures which will improve safety.

Road Safety Audit(Volume 3) provides guidelines on Road Safety Audita
systematic assessment of plans for new road schemes (inding on existing
roads), intended to ensure that new roads have the lowest attainable accident
potential across all road users.
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Road safety auditing can be traced back to the mid9 80’ s when acci
investigators in the United Kingdom (UK) became conoed that even newly built

road projects were included on the count
development of a policy requiring that the design of road projects should be
reviewed by a departmental road safety engineering team prior to thenstruction

thereof. It was found that this review process improved the road safety performance

of road projects. Through formalization of this process the principle of road safety

audits was established. The success of this process was replicated by patall
developments in road safety auditing in Australia.

Road Safety Audit is a proactive road safety engineering tool based on the
philosophy that road authorities do not have to wait for the accumulation of serious
injury and fatal accidents statistics befte positive steps can be taken to reduce
the risks of such. It plays a significant role in ensuring that the road environment is
forgiving, selfexplaining and provides for the needs of all road users while being
aligned with the principles of

Road safetyaudits may be conducted at all stages of the life cycle of a roads or
traffic related project (on existing roads, from conception to the final constructed
project, as well as after opening to traffic). Given that South Africa is currently in a
process of road safety audit capacity development, road authorities should
endeavour to introduce road safety audits at the earliest possible stages of specific
projects— this will provide the highest road safety return on such investment.

A road safety audit is coducted by a qualified and experienced road safety audit
team led by a road safety audit team leader recognized as a specialist road safety
engineer and accredited such by the Engineering Council of South Africa (ECSA).
The size of the road safety audit tea is determined by the size, complexity, and
stage(s) of the project to be audited. The audit team leader is the lead auditor that
is responsible for compiling the road safety audit report and representing the audit
team in engaging with the client (the @d authority or project owner). The audit
team members assist, collaborate, and contribute to the road safety audit.

The successful implementation of the entire road safety audit process and the
implementation of the remedial measures recommended by thead safety audit
team would make a meaningful contribution to ensure that road safety problems
are not repeatedly introduced on the road network.

It is our firm belief that the South African Road Safety Assessment Methods 2022
manual, (this TRH 29) would gve the way for our real contribution to meeting the
objectives of the NRSS and of the UNDOA2.



South African Road Safety Assessment Methods
Volume 3 - RSA Part B: Conducting Road Safety Audits

OVERVIEW OF VOLUME 3: ROAD SAFETY AUDITS PART B

TRH 29 Volume 3: South African Road Safety Audit Manual (SARSAM2022) consists
of two mutuallysupportive parts, PartA, and PartB.

PARTA: POLICY AND PROCEDURES

Part A addresses road safety audit policy for utilization on the South African public
road network and describes the management procedures associated with road
safety audit in South Africa.

Part A introduces road safety auditing including a short backgrulito the Safe
System Approach which is industry best practice at the time of writing, and which
underpins the road safety audit process described in SARSAM2022. Part A also
describes the management process for the appointment of the road safety audit
team, the oversight required and the receipt of the road safety audit report from
the audit team. It recognizes the need to consider recommendations made in the
road safety audit report and to respond to the recommendations in the road safety
audit report in aclear and unambiguous manner and to identify remedial measures
to be implemented or the reasoning why deviation from the recommended remedial
measures was deemed necessary.

PART B: CONDUCTING ROAD SAFETY AUDITS

Part B is a continuation of Part A and desbes the road safety audit process from
the viewpoint of the road safety auditor focusing on what needs to be done at
each stage of the process.

Part B describes the responsibilities of the different parties to the road safety audit
process with emphas on the responsibilities of the road safety audit team. It
introduces the Safe System Approach as the basis for conducting road safety audits
in contrast with the system that had been described in the"2edition of the Road
Safety Audit Manual (SARSAM2Q). Part B also describes the risk assessment
procedure which in SARSAM2022 becomes the responsibility of the road safety
audit team.

Part B describes the different types and stages of road safety audits in more detail
and the different reports that resul from road safety audit. It indicates how these
different road safety audit reports lead to the final client disposition report that
records the acceptance of remedial measures for individual road safety concerns.

Part B also includes a case study for design stage road safety audit as well as a
typical road safety audit report and prompt lists as guidance to the road safety audit
team.

Part B includes an appendix containing typical road safety concerns intended to
sensitise the road safety audit team orroncerns that can be observed regularly,
and which may have been considered appropriate prior to the implementation of
the Safe System.
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PART B: CONDUCTING ROAD SAFETY AUDITS

6 Principles for @nducting road safety audits

6.1 Safe SystemApproach

South Africa adopted the National Road Safety Strategy 2016 to 2030 (NRSS) with

the viSafeandSerxdyreRoads. Thi s strategy emphasi s
safety IS everybody’ s shared responsi bil
principle is embodied in the Safe Systems Approach.

The Safe System Approach recognizes that road users are human beings that
inevitably make errors which may lead to accidents. The human body can only
withstand a certain level of change in kinetic energy dag an accident before the

active forces will result in serious injury or death. This system comprises five
essential components which together reflect a holistic view of road safety, namely:

1 Safe roads and roadsides
Safe speeds

Safe vehicles

Safe road uers

Safe Postcrash responses
It is against this background that SARSAM2022 has been developed. The strategic
themes relevant to road safety audit as a road safety intervention, are:

= =4 -4 -4

1 Identify and address high road safety risk locations,
1 Provide a selexplining and forgiving road environment, and
1 Implement a road safety audit programme on new infrastructure and

upgrades.
Table6-1: Traditional and safe system approaches to road safety review

Traditional Safe System Approach
1 Human error is the cause of most accidents; focus on  Accidents are multifactor events
education as a solution
2 Individual responsibility Shared responsibility
3 Accidents are the problems to be solved Casualties are the problems to be solved

(the restricted tolerance of the human body
to external violence)
4 The 3 E's road safety moc Theroad safety problem should be

unrelated Engineering, Enforcement and Education addressed holistically with a systems
policy thrusts approach.
5 There is an optimum point where it becomes Loss of life is never an acceptable outcome
uneconomical to reduce fatalities and injuries further
6 Design is based upomoad users obeying the rules Road users make mistakes and should not
be punished with their lives for this
7 Design to standards ensures safety Safety requires a broader design
appreciation
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The fundamental basis for conducting road safety auditsithin the Safe System
Approach has changed compared to a more traditional approach and requires
specific attention by road safety auditors. Table 6.1 compares important
differences between the traditional approach and the Safe System Approach.

Fundamentalto the Safe System Approach is designing a road or traffic scheme
that contributes towards the tolerance of the body to sudden changes of

momentum or kinetic energy to avoid fatal and serious injury (FSI) accidents (and
in fact, all injury accidents) basé on the following concepts:

1 Functionality roads should be physically and visually different to
demonstrate their differing functions,

1 Homogeneity there should be limited interaction between road users
travelling at different speeds, irdifferent directions and between vehicles
and road users of different mass or type,

1 Predictabilty:r oads shotwlxgpl lae ni agl f and the f
rules should be clear and evident to road users,

1 Forgivingnessroads and roadsides should bedrgiving in the event of an
accident and accommodate driver error,

i Status awarenessroad users should be able to assess their own capability
of performing the driving task.

The challenge to the road safety audit team is therefore to review the designluod t
road or traffic project to identify the extent to which these concepts are violated at
the expense of increasing the risk of casualties.

By the acceptance of the Safe System Approach the integration of the principles
described above into the road safetyaudit process (as advanced in this manual),
is now required by means of:

1 Comparing possible accident forces to tolerable levels regardless of the
likelihood when identifying road safety concerns and assessing casualty
risks,

1 Categorizing road safetyconcerns and remedial measures by their
respective alignment with the Safe System Approach.

The role of safe speeds in road safety audit

One of the primary <concept ssaifre tshfemeSIasfdoe
tolerance of the human body to changes imomentum or kinetic energy to reduce
casualties is specifically correlated with the speed of the different vehicles during

an accident. The management of speed may be used to achieve rapid or significant
safety improvement.

The core philosophy underpinnop the success of the Safe System Approach as
proven i n t he Swedi sh Vi sSuwivableZSpeed ” st r at
Survivable speeds refer to the speed threshold above which the risk of a fatal or

serious injury rapidly increases. These differ dependirmn the type of accident.

These speeds have been postulated by Wramborg as impact spdathlity

probability relationships as shown in Figure 6.1.
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The focus of the road safety audit process will be to consider key accident types (as
shown in the Wramborgurves) that may lead to fatal and serious injury accidents
and kinetic energy generation and their management.

The following key questions should be raised:

1 Isit possible to have a heaghn accident . . . greater than 70km/h?
1 Isit possible to have a sidimpact accident . . . greater than 50km/h?
1 Isit possible to have a ruroff road accident . . . greater than 40km/h?

1 Isitpossible to have a pedestrian/ cyclist accident. . . greater than 30km/h?
A risk of fatality level of 10% has been adopted as lareshold level of risk of fatality
in countries using the survivable speed principle.
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Figure6-1: Survivable speeds Risk of Fatality(\Wramborg, 2005)

Although various studies challenged the quantum of the survivable speeds
indicated by Wramborg, the principle of the survivable speeds remains accepted.

The speeds shown in Table 6.2 should be used as the indicative survivable speeds
for road safety audis conducted in accordance with this manual

Table6-2: Safe System Speeds

Accident Type Impact Speed
Car/ pedestrian/ cyclist 20-30 km/h
Car/ Motorcyclist 20-30 km/h
Car/Tree or pole (Ruoff road) 30-40 km/h
Car/ Car (side impact/ intersections) 50 km/h
Car/ Car (Headbn/ Fixed object) 70 km/h
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Various studies have also been done to correlate the effect of changes in mean
speeds to the resulting changes in casualties. In Australian studies by Kloedsn
al (2002) it was found that the risk of being involved in a casualty accident doubles
for every increase of 5km/h in travelling speed. Figure 6.3 indicates the
relationship between the change in casualties compared to the change in mean
speeds as postulated by Nilsson (2004).

50% -

40% 41— Deaths

30% - 2::iou's injgries
20% - er injuries

% change in casualties

-10% 8% 6% 4% -2% 0% 2% 4% 6% 8% 10%
% change in speed

Figure6-2: Relationship of speed changes to casualty rate changes

It is important that the road safety audit team keeps in mind the effect even small
changes in speed may have on the risk of casualty accidents on a road due to the
non-inear relationship between the speed prior to an accident and the consequent
injury level.(This relationship may be explained at the hand of Figure3§.

Figure6-3: Effect of smalltravelling speed change on injury
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The review by the road safety audit team of the speed on the proposed project
should confirm that the speed should be credible to most drivers so that they drive
in compliance with the posted speed limit without endangeg other roadusers yet
retain the principles of survivable speeds.

Risk assessment in road safety audi The 6-step process

When applying Safe System principles to the RSA process and findings, Australian
guidelines suggest that road safety auditors shafocus on three key elements,
namely Accident severity, Road user exposure and Accident likelihood. These
elements deviate significantly from the risk assessment principles described in
SARSAM2012.

In risk engineering, the risk level is a product of thékelihood that an event will
occur and the expected outcome of such an event. Risk assessment of individual
safety concerns in SARSAM2012 was based on this principle, expressed as the
following equation:

1. "6 FLE ] Radad TR U RUN LR -
In SARSAM2022 this principle is extended to a mudtiep process that determines
the level of personal risk of injury which the road user would be exposed to, in
addition to the level of risk which the safety conee represents. The level of risk
represented by the safety concern is measured essentially by the degree and extent
of the concern and is identified in this manual as thmtrinsic risk of the road safety
concern.)

o m™

The road safety audit team shall idenyf potential road safety concerns and
correlate these with possible accident types and perceived speeds influencing the
accident. The risk associated with these safety concerns and the potential negative
effect thereof on the road user shall be assessed. €multi-step process shown in
Figure 64 outlines the risk assessment process for all road safety concerns
identified in the road safety audit:
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» Degree of Safety Concern

Extent of Safety Concern

* Intrinsic Risk Determination

* Road User Vulnerability

Road User Risk

Remedial Measure Course of Action

* Recording of Decision

Implementation

Figure6-4: Multi-step risk assessment process

Step 1: Estimate the Degree of Safety Concern

The degree of an identified safety concern is given by theeverity of the injuries
that could be sustained should the roadiser be involved in an accident that can
be contributed to the safety concern. This requirem assessment of the injury that
may be caused when the road user is exposed to conditions leading to an accident
while the road user was using the road within reasonable compliance with
operational restrictions or within reasonable driver expectatior- i.e. not
excessively ovespeeding or driving recklessly, but not excluding the possibility of
reasonably exceeding operational conditions.

The degree of safety concern should be assessed in a design stage road safety
audit against foreseeable mistakes thathe road user may make, rather than
measuring the degree against extraordinary or improbable usage scenarios. The
degree of the road safety concern is measured against the consequences of an
accident involving the safety concern tase and not based on tle degree of
distress that a physical hazard may show due to deterioration over time or poor
maintenance, although this may play a role in the safety of use.

The degree of safety concern is described in Table 6.3 in terms of the level of injury
that exposue to the safety concern could lead to.

(Please refer to Appendix V3B8 for description of the MAMury classification.)
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Table6-3: Degree of Safety Concern

DEGREE DEFINITION

Negligible Concern ispotentially dangerous or located in a potentially dangerous
location but is likely to cause property damage only or trivial or
superficial injury remediable by first aid responders.

Minor Concern is potentially dangerous or located in a potentially dangerou
location and likely leading to minor injury which may require
emergency room attendance but not hospitalization
(Typical injury level MAIS 2)

Moderate The safety concern would causeemporary and remediable injuries
requiring hospitalization. Injuries may not be life threatening and wou
be reversible. (Typical injury level MAIS 3)

Significant The safety concern would lead to injury or consequences that would
require hospitalization in excess of 24h and would affect the
functioning of the injured roaduser for a period of some six months or
lead to permanent disability (Typical injury level MAIS 4)

Severe The safety concern would lead to injury or consequences thabis
could be fatal, severe loss of limbs or othdongterm or permanent
disabilities. (Typical injury level >= MAIS 5)

Step 2: Estimate the Extent of the Safety Concern

The level of risk which is represented by the road safety concern does ooty
depend on the degree of the concern, but also on the extent of the problem
situation. It is postulated that the more widespread a problem the greater the
likelihood of a roaduser to experience the problem and the greater the ensuing
risk.

Assessmentof the extent of the safety concern should be done in accordance with
the definitions described in Table 6.4.
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Table6-4: Extent of Safety Concern

EXTENT DEFINITION

Rare The safety concern has beeidentified as limited in size or occurrence and
located where conflict with roaeusers would be unlikely.

Isolated The safety concern is reflected in locations where conflict is likely but found
as an exceptional occurrenceie., isolated application of a potentially
dangerous design situation.

Occasional The safety concern occurs more than merely isolation but may still be
considered as limited in extent, as shown on the design.

Scattered The safety concern may be identified generally over limited areas of the are:
being audited or intermittently over the greatest part of the area being
audited.

Extensive The safety concern occurs extensively over the area being audited,, the
safety concern may be included in typical construction standards used in the
project.

Step 3: Determine the Intrinsic Risk represented by the Safety Concern

The basiclevel of risk provided by the safety concern is determined by the matrix
combination of the degree of the safety concern with the extent of the safety
concern. This | evel of risk is perceived
the safety mncern as found in the scheme being road safety audited. This level of

risk does not provide for the exposure of the roagser to the safety concern within

the Safe System Approach and is shown in Table 6.5.

Table6-5: Intrinsic Risk of the Safety Concern

Assessment Matrix for Degree of Safety Concern
Intrinsic Risk provided
by the Safety Concern
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Step 4: Estimate the Roaeuser Vulnerability

Step 4 estimates the roaduser vulnerability associated with the Safe System
concept of survivable speeds when the roaadlser is exposed to a potential accident
represented by the identified road safety concern. This step is a significant
departure from therisk assessment procedure used in SARSAM2012, because it
introduces the kinetic energy restrictions that forms the core principle of human
body tolerance to traumatic accidents

Risk bands have been introduced on the Wramborg curves and are shown in Fégur
6.5.
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It is recognised thatspeed on its own may represent a simplifiegpproach and that
various other aspectgnfluence the risk of fatality in anaccident, such as:

1 Age and gender of the roadser victim

9 The location and type of impact

1 The relative seating location of a victim

1 The size shape and stiffness ahe victim

1 The presence of airbags and other restraint systems suels seatbelts

1 The delay in time before emergey medical attention can be given.
Whereas speed is under the direct control @f person involved in the accident and
the source of theenergy levels in the accidentit is accepted that the survivable
speedconcept as indicated in Figure & should be used in determining the
vulnerability ofa victim in an accident.
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Step 5: Determine the Level of Road User Risk

Step 5 estimates the roaduser risk level represented by the combination of the
intrinsic risk of the road safety concern combined with the level of roader
vulnerability within the safe system environment. This adjusted risk level is shown
in Table 6.6 and represents the combination of the degree and the extent of
occurrence of the road safety conaa as well as the exposure of the roadser to
conditions not aligned with the Safe System Approach.

Table6-6: Roaduser risk (Adjusted Risk Level)

Intrinsic Risk ofthe Safety Concern

Assessment Matrix for
Road User Risk

Risk of Fatality as indicated in Figure 6.5 or
extrapolated from Table 6.2
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Whereas Figure 6.5 provides for the roaalser vulnerability based on the survivable
speed concept, the Safe System Approach is not only defined by the survivable
speed concept. It may therefore be necessary for the road safety audit team to
adjust the intinsic risk of the road safety concern upwards (or downwards)
depending on the extent to which roadsers would be exposed to situations that
are aligned to the Safe System to a greater or lesser extent.

Step 6: Determine a Course of Action

Upon conclusio of the risk assessment process, the road safety audit team shall
prepare appropriate remedial measures to counter the road safety concerns. The
suggested treatment actions shown in Table 6.7 below are indicative only. It is
acknowledged that the level oflevelopment adjacent the reviewed road may differ
significantly depending on the location and on traditional practices. Road
authorities should review the levels of risk that they would be prepared to accept
and develop particular policies pertaining tohe risk assessment indicated in the
road safety audit and adjust the suggested treatment actions to fit such policies.
These policies should then be implemented consistently to strengthen road user
expectancy.
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Table6-7: Suggested remedial treatment action

ROQFSESER SUGGESTED TREATMENT ACTION

In Design stage road safety audits, the primary cause of the
identified risk should be eliminated if possible, or significantly
reduced.

In Preopening stage road safety audits, the risk should be
reduced as far as possible and alternative options be
considered to reduce the exposure level of the roaders at
risk or the likelihood of accidents.

High In Design stage road safetgudits, the risk should be reduced
to a lower level. In Pr@pening stage road safety audits, the
risk should be reduced by implementing possible accident
reduction measures.

Medium Remedial measures addressing the degree or extent of the
safety concern should be addressed in Design stage audits ar
at least warning measures be implemented in Ps@pening
stage road safety audits.

The design team should identify measures to be ptemented
which could reduce accident likelihood.

The Role of the RSA Team

The role of the client and the design team in any new or upgrading road or traffic
related project has been well defined over the years. These two parties have the
responsibility to review all the conditions related to such a project with the objective
of implementing a project that balances the needs of the different road users or
affected communities within economic and environmental constraints, whilst
retaining constructability of the project.

The role of the road safety audit team is much more a caséreviewing the project
through the eyes of different roadisers to identify areas where the roadser may

be exposed to increased levels of risk of being involved in an accident which could
cause death or injury.

The road safety audit team should work itin the framework of the Safe System
Approach to identify road safety concerns which could contribute to an increased
risk of fatalities or serious injuries. These safety concerns should be included in the
road safety audit report together with approprta recommendations to reduce this
risk.

Because of the biased opinion expressed by the road safety audit team, the road
safety audit team does not give anynstruction to modify designs to reduce the
exposure to incidents or accidents. The road safety atiteam submits a roaduser
safety viewpoint for consideration by the design team or client organization,
improving the degree of informed decisiomaking. The road safety audit team
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shall also suggest possible measures to improve the safety performancetbe
project, or all road safety concerns associated with design aspects, to which the
design team and client need to respond.

The decision to accept or reject road safety audit recommendations rests with the
client in coordination with the design teamit is quite possible that these parties
may disagree with the road safety audit team on the likelihood of an accident or on
the severity of the accident. It is also possible that the design team may suggest a
different remedial measure for implementation.This procedure allows for the
implementation of a scheme that would be more sensitive to the possible risks
experienced by roadisers. It is, however, essential that the decision process and
the finally agreed decision be properly recorded.

6.5 Responsibilities of different stakeholders

Part A of SARSAM2022 describes the Administration and Management of road
safety audits. This includes the responsibilities of the different stakeholders, as
indicated in Figure 5.1 which is repeated herewith as Figure 6.7.

6.5.1 The dient organization

The client organization is responsible for the management and administration of
the road safety audit in accordance with the statutory or organizatigpecific
procurement processes from inception to closeut.

It is also responsible forthe following aspects related to the technical aspects of
the road safety audit:

1 Determining with the design team whether the proposed project should be
subjected to a road safety audit, and, if so, at which stages of the design
process,

1 Remaining informel of the design development by means of regular design
progress meetings at which the design team presents their design progress
with due consideration of allowing adequate time to provide for the road
safety audit and closeout procedures,

1 Establishing he terms of reference for the identified project to be road
safety audited,

1 Confirming the road safety audit brief,

1 Chairing the commencement meeting, dbriefing meeting and any
additional project meetings to be held for the project

1 Reviewingtheroads af ety audit report and revi e

1 Deciding on the remedial measures advanced for closeit of the project.
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Figure6-6: RSA Process and responsibility matrix
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6.5.2 The design team

The design team is responsible for the following aspects related to the road safety

audit:

T
T

=

Advising the client on the need for a road safety audit.

Preparing an exemption report addressing the road safety basis if it was
decided not to conduct a road safgt audit. This exemption report is in effect
a selfassessment road safety review discussing the evidence upon which
the design team depends to prove that a road safety audit may be excluded
from the scope of the project.

Developing the road safety audititef for each stage of the road safety audit
process (if a road safety audit was deemed necessary).

Leading the commencement meeting by sharing project details which the
road safety audit team would need to conduct the audit.

Participating in the site inspctions of the road safety audit to provide
context and additional background information (but not by influence),
should the road safety audit team require such information.

Responding to all the findings made by the road safety audit team.
Supporting theclient in deciding on remedial measures.

6.5.3 The road safety audit team

The road safety audit team reviews the project through the eyes of all

road-users, identifying areas of increased personal risk of injury or
fatality or of perceived potentiakisk.

Although the responsibilities of the RSA team start officially from the
commencement meeting, in practice it already starts its role with reviewing the
tender specifications, the audit brief, the site where the audit is located and
submitting RA team information and personnel experience profiles.

The formal responsibilities of the road safety audit team are as follows:

T
il

T

Attending the commencement meeting.

Reviewing the audit brief and the design information for completeness and

appropriateness.

Undertaking a desktop review of all the design drawings and/or three

dimensional rendering related to road user interaction.

Conducting a site visit of the intended location of the Works.

0 Assessing all interaction between road usage on the proposed

project and the transitioning between the existing and the new
facilities,
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o ldentifying potentially hazardous road user behaviour as a result of
violation of road user expectation.

o ldentifying potentially hazardous conditions based on incompatibility
between diferent road users as a result of differential speeds or the
lack of segregation between different users.

o ldentifying potentially hazardous conditions related to the limited
alignment of the design with Safe System principles applied to the
project or the lack of a design that complies with the principles of
self-explanatory roads or a forgiving roadside.

Comparing desktop review with cgsite observations at suitable time of day
or night, not only of road conditions but also taking cognizance of different
usage scenarios by all road users, including possible roader mistakes.
Assessing the risk of potentially hazardous situations.

Identifying appropriate remedial measures to reduce the risk associated
with the expected conflict and reducing the severity ohaxpected accident.
Leading a completion or déorief meeting with the client and the design
team.

Finalizing the road safety audit report for submittal to the client and copied
to the design team for response.

Advising the client of the soundness oftheeds i gner ' s responses
safety perspective.
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7 Conducting Road Safety Audits

7.1

Definition of Road Safety Audit

A Road Safety Audit is a formal technical assessment
process of a new or upgrading road or traffic project, in
which anindependent and qualified team preactively

identifies potential road safety concerns that may lead to
injuries or fatalities of any roadusers and suggests
measures to mitigate such risks by applying the principles
of the Safe System Approach

7.2

The RSA mcess results in a report describing potential safety concerns and an
assessment of their associated risks and measures to mitigate such risks. This risk
mitigation should be considered prior to advancing to the next stage of the design
process or to phygal construction or taking over completed construction works.

Objectives of RSA

The objective of a road safety audit is to identify aspects of engineering
interventions that could give rise to road safety concerns and to suggest
modifications that could mprove road safety. A road safety audit is not a check on
the compliance of a project to design standards. It is against this background that
road safety audit should be considered. Even with the careful application of design
standards by competent profes®nals, the design process might not remove all
hazards for road users.

The road safety audit is initiated to identify aspects that may potentially contribute
to incidents or accidents on the project or potentially increase the severity of such
accidents. The road safety audit is therefore a biased review of project details.

The primary objective of the RSA process on new or upgrading road and traffic
projects is to deliver completed projects that minimize the risk of death and serious
injury resulting fron road traffic accidents by identifying and grading potential road
safety concerns for all road users and others that may be influenced by the road
facility or adjacent environment.

Secondary objectives of the RSA process include the following:

1 To minimisethe need for remedial measures after the opening of a new road
project,

1 Recognize the importance of safety in road planning, design and
implementation for all road users,

1 Improve the standards of road design to ensure that all road users are given
adequate protection and information with special focus on Vulnerable Road
Users (VRUSs), especially pedestrians.

1 Improve the awareness of road safety engineering principles,
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1 Improve the awareness of, and contribute to, improvement in safe design
practices.

1 Ensue that road design is forgiving, thus allowing motorists to recover from
error, or to incur least harm when an accident is inevitable.

1 To reduce the full lifecycle cost of a road project by reducing its accident cost.

91 Develop a culture of road safety among those responsible for the delivery and
maintenance of road infrastructure.

7.3 Essential elements

The key elements of any road safety audit (RSA) on a project encompass the
following aspects:

1 The RSA focuses solely on &y aspects of the project,

1 The RSA is carried out by a team that is independent of the client or road
authority, design team or the contractor,

1 The RSA is completed by applying Safe System principles to eliminate or
reduce the potential for serious injuy or fatal accidents,

1 The RSA is carried out by a team with appropriate experience and training,
and which understands the Safe System Approach to improve road safety,

1 The RSA considers all road users,

The RSA is a formal documented process,
1 The RSA reques a formal closeout response by the road authority or client

of all identified road safety concerns.
The RSA is NOT:

1 A quality control review, a design review, or a peer review,
1 A judgement of the quality of a project,
1 A compliance check on standards,guidelines or drawings and
specifications,
1 An opportunity to redesign or to suggest changes to aspects not directly
related to a safety issue.
1 Aninformal check, inspection, or consultation,
1 A means of comparing one project or option with another.
In conducting the road safety audit, the road safety audit team shall consistently
try to answer the following questions:

=

T “Who can be hurt in an accident on thi
mi ght that happen?” and
T “What <can be done altfathat acddemnt, ertdlimeits p ot e n't
consequences?’”
Both these questions need to be answered with reference to the principles of the
Safe System Approachnd the relevant speed regime.
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8 The Road Safety Audit process

8.1

8.2
8.2.1

8.2.2

Summary

PART A of SARSAM2022 describthe different stages of conducting road safety
audits. The stages differ based on the phase of the design of the project, on the
one hand, and the extent of road safety impact that may be affected as a result of
the road safety audit, on the other. Allhe stages require a similar process of
reviewing, which in the responsibility matrix (Figure 6.7) is summarized as
“Undertake RSA”". This section descri
process which the road safety audit team should undertaka assessing the road
safety concerns in the project being audited.

Components of the road safety audit process
Commencement meeting

A commencement meeting shall be convened with the client, design team and the
road safety audit team at the onset of the autl The commencement meeting
provides the opportunity for all parties to discuss the scope of the audit and
available information and for the RSA team to request further information or
clarification of previously provided information. It also allows the RSTeam to
better understand the objectives leading to the project and share the programme
for the Audit with other parties, especially if esite safety or security support would
be required for the audit.

Road safety audit brief

The Client Organisation, in conjunction with the design team, prepares a brief for
the Road Safety Audit Team detailing the rationale for the project and the
background information. This should also indicate the expectations of the client as
far as compliance with the audit procedures is concerned. The road safety audit
team should be provided an opportunity to review the audit brief and request
further information if needed.

The information in the Audit Brief is road safety audit stage dependant and may
include the elements shown in Table 8.1 (or additional relevant information).
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Table8-1: Information to be included in the RSA Brief

RSA Stage

Information to be provided

Stage 1
Conceptual
Design

Extent and timeframe of the road safety audit

Scope of and Rationale for the project

Relevant land use where the project would be undertaken

Continuity of routes

Traffic information

Proposed speed regime and design standards

Other appropiate information, including development proposals, bridg
types, phasing and accident information if available.

Stage 2: Extent and timeframe of the road safety audit
Preliminary | Scope of and Rationale for the project
Design Relevant land use wherehe project would be undertaken
Design speed regime
Geometric standards and rationale for possible departure from standard;
Preliminary design stage drawings Horizontal & vertical alignment, crosg
sections, proposed access to properties and typical insection layout.
Traffic flow information, relevant intersection layouts and traffic contr
proposals
Bridge types and cross sections
Facilities for pedestrians or other special road user groups
Local circumstances, including underground conditions afféaty general
layout
Accommodation of traffic concept
Other appropriate information including design report if available
Stage 3 Scope, extent, and timeframe of the Road Safety Audit
Detail Copy of previous Road Safety Audit reports and client decisions wh
design available

Detailed design drawings, including full details of the scheme includit
signing, road markings, lighting, safety fences, road and pedestri
restraint systems, drainage gulis, manholes, service chambers
Proposed accommodation of traffic scheme

Departures from design standards and the rationale thereof,

Design speeds, speed limit, speed survey data

Copies of standard details of the project including sign faces antbunting/
lighting proposals

Traffic and pedestrian data where applicable

Details of any traffic signal and / or pedestrian crossing design includir
capacity and timing calculations, operating modes etc.

Local feature information,

Layby and accesses angbrovision for heavy or abnormal vehicles or servig
vehicles

Underground and overhead services apparatus including surface featurg
manholes
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Desktop Study

The desktop study of the drawings and other information shall be conducted by the
road safety audt team prior to the site visit.

The review of design drawings and model view is crucial to gain an understanding
of the proposed interaction between road users and how they may interpret the
proposed project. The desktop review should also identify safeissues for
verification during the site visit. The drawings may be reviewed using checklists or
prompt lists. These lists should not be considered as part of the road safety audit
report, nor as a suggested outline or structure of the road safety audgport. The
design drawings should be supplemented by the supporting information which the
road safety audit team can use to assess the safety of the project against prevailing
conditions and use.

Comments should be limited to those which have a bearing t¢ime safety of road
users and operators.

Site visit

The Road Safety Audit Team shall visit the site to confirm concerns that have been
identified in the desktop review and to identify other possible concerns that were
not apparent from the drawings. The stvisit shall be conducted also as a night
time visit for a Stage 3 Detail design stage road safety audit and a Stage 5 Pre

opening stage road safety audit. In areas of complex interaction with existing
facilities a nighttime visit at the Preliminary degjn stage is recommended.

Issues identified in the desktop study should be verified during the site visit, and
additional issues recorded. Photographic or video evidence is useful for writing the
road safety audit report and performing the road safety audiebrief.

The nature of the site visit will differ depending on the stage of the road safety audit.
During concept and design stages the road safety audit team will need to visualize
features including the kerb lines, street furniture and the tin with existing
infrastructure. Construction stages afford the opportunity to comment on the actual
layout and road user interaction.

Peak hour visits may be required for all road safety audits to view the layout under
the heaviest traffic conditions. Similarly, offeak doservations would reveal higher
traffic speeds.

Upon undertaking a site visit the Road Safety Audit Team Members should
complete a site visit risk assessment to identify the potential risks of working in the
environment necessitated by the road safety audiand identify measures to
mitigate those risks as far as practically possible. It is mandatory that appropriate
personal protection equipment be worn by all participants attending the site visit.

Completion or debrief meeting

Using the information recordd during the desktop study and site visit(s), the road
safety audit team should finalise their findings, assess the risks associated with
the findings and identify opportunities for improving safety.
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A meeting should be held with the client representatvand design team to discuss
these findings. This allows the road safety audit team to present the findings,
including photographs and video (if available) to the other parties, giving them
insight into the issues likely to be included in the road safetyudit report and
provide feedback where appropriate.

The design team may identify actions already being addressed and discuss
recommendations. It is also an opportunity for the client representative to question
or seek clarification on road safety auditridings.

Minutes of the meeting should be recorded for inclusion in the road safety audit
report, along with digital media used to portray the road safety concerns.

Road safety audit report

Once the findings and recommendations are finalised, the Road Safétudit Team
Leader is responsible for preparing the Road Safety Audit Report which may be
written with the support of the Audit Team as necessary. The Road Safety Audit
Report should be completed within the timeframe specified in the Road Safety Audit
Brief.

The road safety audit report should comply with the following:

1 The report should be concise and focused on those issues that generate
road safety concerns.

1 Road safety issues should be described from the road safety concern
perspective, rather than fron the possible remedial measure or design
standard perspective. For example, it would be more appropriate to describe
an i s sThedriversat tlie skew Junction would not be able to safely
enter the main road in the face of oncoming trafficapproaching at a
possible operating speed of 80km/h, increasing the risk of a severe injury
or fatal side impact accident r at h &houlderhsmht distance to the
South is insufficient and/or does not comply with the design standards for
80km/h . ”
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1 Each issue shald be clearly numbered and defined as specifically as
possible and referenced to the principles of the Safe System Approach
where needed.

1 Issues should be supported by photographs, illustrations or extracts from
the design drawings as appropriate.

1 Where appropriate, relevant standards, guidance or reports should be
referenced within each issue to comply with the definition of the road safety
audit as a technical assessment process, without such reference being used
as a design check for the identified daty concern.

1 Each issue should be accompanied by an assessment of the associated risk
in accordance with the risk assessment procedure described in this Manual.

1 Each issue should have a recommendation for addressing the safety risk.
Whilst noting that some risks would be difficult to eliminate at the level
where the road safety audit is being conducted, a recommendation to
reduce the potential for harm may be made

1 It is important to keep the road safety audit report objective; for example,
terms such as “unsafe”, “unacceptable”
care to ensure that the objectivity of the Road Safety Audit Team is not
compromised.

1 Recommendations &ould be aligned with the stage of road safety audit
being undertaken. For example, it would not be appropriate to suggest
vertical alignment changes in a Stage 3 Road Safety Audit once a road
project is all but completed. In contrast during a Stage 1 Ro&hfety Audit
suggesting the installation of vehicle restraints on the outside of reduced
radii curves would normally not be appropriate, rather the alignment could
be altered at such an early stage.

The road safety audit report should follow a standardid tabulated format which

woul d support clear coordination with the
decision report. An example layout of the report is shown in AppendBB2 of this

Part of SARSAM2022.

The Road Safety Audit report should be sotitted to the Client representative and
copied to the design team. If road safety issues are identified which are outside the
scope of the project as identified in the Audit Brief, they should be listed in a
covering letter to the client organization and aompany the road safety audit
report.

827 Designer’'s Response Report

The designer’s response is intended to r
viewpoint may exist which should be considered to improve the safety of all or some
road-users. It offers the opportunity for refining a design to reduce the exposure to
hazardous conditions by balancing them with the current design proposals. The
designer’s response report 'S not i ntend
provide a fundamental assessment athe identified road safety concern and not a

me r @esignedtostandards r esponse.
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The design team should refrain from motivating why a specific approach has been
taken unless such response would show that the original design provides a greater
degreed ri sk mitigation than the RSA team’s

For each road safety concern raised in t
report makes provision for the design team to agree or disagree with the audit team

as to the assessment of such safety awern. It also provides the opportunity for

the design team to accept, reject or to propose revised mitigation measures. In
formulating its response, the design team shall consider the following aspects:

1 Is the defined issue within the scope of the proje@s identified in the RSA
Brief?

1 Would the recommendation made in the RSA report mitigate the safety
issue, reducing the probability of occurrence and/or its severity?

1 Will the recommendation lead to other nosafety issues, for example
mobility or envirormental issues?

1 What is the cost implication of implementing the recommendation or could
a different more costeffective solution be used?

The designer’ s responsecritigeepg diret RiSSA rnlfeta mi
recommendations but should have as objecte/the recognition that a potential

road safety concern may exi smayideatifiydn t h a't
alternative feasible solution.

The designer’s response report shal/l addr
the road safety audit teamand should form part of the tracking sheet used for the
Client decision report.

8.2.8 RSA Team reply

Provision is made in the closeut process of the road safety audit for the RSA team

to reply to each of the designerhssto respo
enter into discussion on the merits of t
minute whether the RSA Team agrees that possible revised mitigation measures
suggested by the design team would contribute to the improvement of the safety

concern withoutcompromising other aspects of the project.

8.2.9 Client Decision Report

The Client Decision Report is a summary report used to record the decision by the

client on each identified and recorded road safety concern. A template in the format

of a decision trackirg form is proposed which would record the safety concerns

identified and the recommendations made by the RSA team, provide for the
designer’s response and the RSA team repl
a safety issue is to be only partly acget ed or | mpl ement ati on de
decision should outline which actions are agreed upon to be taken to reduce the

level of risk. In the event that a mitigating proposal is rejected, justification for the

rejection should be documented and an afrnative action be recorded where

possible.
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8.2.10 Closeout

The format of the decision tracking form (DTF) is included as Appendix B5 to this
Part of the Manual. This sheet provides for a status indication for the cleset
decision by the client for each of the road safety concerns and for the sigffi by
each ofthe parties to the RSA process.

It is recommended that a copy of the completed and signed off decision tracking
form be bound into the Road Safety Audit report.

Whereas the Client Decision Report is a summary report, it is conceivable that this
is based on design adjustments or explanations by the design team. Any design
revisions that have been accepted as well as exemptions from the road safety audit
team replies should be clearly described in the closmut process and supporting
documentation appendedo the records.
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9 Road Safety Audit Stages

9.1 Conceptual Design Stage Road Safety Audif{Stage 1 RSA):

This RSA assesses road safety concerns at a higher or broader level where the types
of road safety concerns are restricted to the broader road safetyrimciples
associated with the project. It addresses different roadser groups in a wide
approach and is the opportunity to influence fundamental aspects such as design
criteria (including design speeds), possible changes in route choice, impact on the
surrounding road network and developments, appreciation of road usage
scenarios, etc.

In adopting the basic principle of a Safe System (to create a safer road system that
minimises the total number of casualty accidents) a conceptual design stage road
safety audit provides the opportunity for the Road Safety Audit Team to not only
identify potential road safety issues at planning and inception stages, but also to
‘“chall enge’ the Client Organi sation and
project being propsed.

For example:

1 Will the proposed project generate conflicting traffic movements that cannot
be reconciled from a safety perspective?
1 Will potential conflicts occur at unacceptably high impact speeds?

1 Will the project planning and design create unacceptable differential speeds
between road users?

1 Will the project be of a type where road users will comfortably comply with
the rules of the road?

1 Will the proposed design speed and posted speed limits be appropriate for
the surrounding environment?

A conceptual stage design (or Route location/ Route determination stage design)
is often conducted to identify different alternative design ojans. It is therefore
possible that the road safety audit brief may determine that certain options, such
as route alignment, cross sections or access patterns, etc, be audited at different
levels of detail or that a Conceptual stage road safety audit mag bndertaken on
multiple options for particular aspects of a project. The issues identified should be
given due consideration by the Design Team prior to the development of the
Preliminary Design of the proposed road project.

For improvements or upgradingof the existing road network a road safety
inspection of the existing network at the location of the proposed project is
recommended in addition to a formal Road Safety Audit of the proposed project.
This ensures that any inherent safety problems on thexisting road network are
not carried forward into road improvements or upgrades or that possible road
safety concerns addressed in the project do not just migrate into adjacent sections
of the network.

The Stage 1 RSA often needs to be conducted with lied design information while
considering broad contextual issues recognising existing patterns that would
directly or indirectly influence different groups of road users and their practices.
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A Stage 1 Road Safety Audit has the following objectives:

1 Toidentify the potential safety problems that can have an influence on

survivable speeds for the following aspects:

- Project scope

- Choice of route, layout and/or treatment

- Design standard selection

- Impact on the adjacent road network and landse

- Impact on pealestrians or vulnerable road user movement patterns
- Access Control: Provision of accesses/ intersections/ interchanges
- Continuity of routes

1 To consider the design and operating speed regime,

1 To assess the relative safety performance of various alternativés the
road project noting that the road safety audit only addresses possible safety
concerns and does not rank alternatives on the basis of potential road
safety concerns.

Preliminary Design Stage Road Safety Audit: (Stage 2 RSA):

As the design progrsses the alignment, junction types and typical crosgections
have usually been determined at this stagd.his RSA is conducted towards the end
of the preliminary design process when the horizontal and vertical alignment as
well as junction designs have ben completed.

A Stage 2: Preliminary Design Stage Road Safety Audit has the following objectives:

1 To address the design standards utilised for the preliminary design,
1 To consider, among others, how the survivable speeds would be influenced
by the followiry:
- Alignment— horizontal and vertical alignment and their interrelation,
- Sightdistances,
- Layout of intersections and configuration ahterchanges,
- Widths of lanes andshoulders,
- Crosssection and superelevation,
- Location ofaccesses,
- Provision fordifferent road user groups: Pedestrians, cyclists, heavy
vehicles,etc
1 To evaluate whether any deviation from guidelines and design standards
would impact safety negatively, seen from the perspectives of all potential
road users,
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1 To determine how possil@ staged implementation of the project could
influence road safety. If staging is proposed, then the safety of each stage
should be considered as well as the transition from one stage to the next.
This staging should be considered both from a shdadrm or from a long
term perspective with due consideration of the safety implications, should
follow-up works be delayed for some reason.

1 To consider the issues carried over from a Stage 1 Road safety audit, or to
review issues normally part of a Stage 1 Road fedy audit if the Stage 2
Road safety audit is the first audit of the project.

At this stage of the design process, fundamental decisions regarding route choice,
the overall design and layout of the project have already been decided. The road
safety auditteam should take care to not redesign the project at this stageit is
expected that the design team and the client have already resolved fundamental
design principles balancing relevant planning, design and affordability issues at
this stage. Neverthelss, the audit team may still suggest changes to horizontal or
vertical alignment, provision of a median, lane and shoulder width, provision of
cycle lanes or sidewalks or channelization, if deemed necessary to comply with
the Safe System principles.

Acces®s provided should be reviewed for upstream and downstream effects,
possible conflicting movements, sight distance and the possible consolidation of
access points.

The road project presented for road safety audit at this stage may still be under
developmert with several viable options being worked on by the design team,
especially if the project is reasonably complex. As such, design work will be ongoing
and certain individual elements may not be progressed sufficiently at the time of
the road safety audit.lt may therefore be necessary to consider the use of Interim
Road safety audits as the project develops. Interim Road safety audits (if approved
by the client organization) allow the project cycle to continue without materially
affecting the programme.
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Conducting an interim stage road safety audit does not negate the requirement for
a formal Road safety audit to be undertaken on the completed design elements.
Specific issues such as traffic signals, pedestrian facilities or intersections can be
brought nto play. All issues identified in the Interim Road safety audits should be
incorporated at the formal Road safety audit stage.

Any such recommendations should be based on the consideration of safety issues
only and should be supported byustifiable Safe System background reasoning.
The reasoning need not necessarily be included in the road safety audport.

The ability of the design to safely accommodate future widening, expansion or
extension should also be considered, unless they habeen excluded in the road
safety audit brief. Specific attention needs to be given to assess the safety of
different usage scenarios.

At this stage the client’s decisions
audit should also be reviewed for azeptance and implementation of any remedial
actions in the design. Any issues that have not been satisfactorily resolved from the
Stage 1 Road safety audit should be brought forward for inclusion into the Stage 2
Road safety audit.

If the project options ae relatively straightforward and the client decides to proceed
to a Preliminary Stage design without conducting a Conceptual Stage design, or the
client decides not to conduct a Stage 1 road safety audit, then the road safety audit
team should conduct theStage 2 road safety audit as a Combined Stage 1/2 road
safety audit. In such case the road safety audit team should make the client aware
of this and it should be described thus in the road safety audit brief and the road
safety audit report.

The scope of a Combined Stage 1/2 road safety audit also includes the
components typically addressed in a Stage 1 road safety audit, acknowledging that
potential remedial measures may be more restrictive on the one hand, or could
cause interruption of thedesign process if deemed irreconcilable with the proposed
preliminary design.

Detailed Design Stage Road Safety Audit: (Stage 3 RSA)

This RSA takes place close to the completion of the detailed design but before the
contract documents are finalized. Athis stage, the design drawings should be
completed to such a level of detail that they can be used in the preparation of
contract documentation. Further to alignment and cross sectionshe following
design elements should be available for assessment: dreige, kerbs and edge
details, street lighting and electricity feeder pillar positions, signing and markings,
barriers, intersection traffic control and any potentially fixed objects located in the
clear zone.

If the audit team are concerned about a lack ofletails, they may request such
additional details from the client or design team to allow the audit to be completed
without conditional findings. This stage is the last opportunity to influence the
safety of a design before construction work details ar@mmissioned.

The Stage 3 road safety audit is focused on aspects of detail as to how the road
layout, traffic arrangements and information transfer to the proposed road user
groups would influence survivable speeds. It is also the stage where the influence
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of the violation of driver expectation on Safe System principles such as self
explanatory or forgiving road design would be identified best. It is important that
any issues that have not been satisfactorily resolved from earlier audits be
reiterated in the Stage 3 audit. It may well happen that the proposed remedial
measures for such an outstanding issue be different in this stage than an earlier
stage, because the flexibility to influence the design would be less.

A Stage 3: Detailed Design Road Safety diuhas the following objectives:

1 To consider, among others, how safe and survivable speeds and the
forgiving road may be influenced by the following:

- Any changes since the Stage 2 Audit,

- Road traffic signs and markings.

- Road lighting and electrical reticlation

- Intersection detall,

- Roadside hazard management issues (clear zones, vehicle or pedestrian
restraints, fixed objects etc.),

- Needs and requirements for Vulnerable Road Users (pedestrians,
cyclists, individuals with disabilities) or special classes w¢hicles (heavy
vehicles, buses, service vehicles, etc.),

- Drainage,

- Landscaping,

- Crosssection, sideslopes, road furniture, etc.

1 To review the safety of the proposed construction phasing prepared by the
design team in establishing the constructability athe project, if this had
been a requirement of the design team and included in the audit brief,

1 To review those findings from earlier stages and the implementation of
mitigating measures,

1 To consider the issues listed in the Stage 1 and Stage 2 Road Sgféudit
if the Stage3 Road Safety Audit is the first audit of the road project.

If the project is to be implemented in separate phases, which may or may not be
implemented at significant time intervals, each phase and its interim end condition
should be mnsidered as standalone final designs subject to road safety audits.
The road safety audit of a subsequent phase should take cognisance of the
transition between phases and the expectation of road users.

9.4 Work Zone Traffic Management Stage Ro&hfety Audit (Stage 4 RSA)

This RSA reviews the accommodation of traffic scheme advanced by the contractor
and the implementation thereof to ensure safe usage by all possible road users.
The audit team should recognize the guidance given to contractorsie SA Road
Traffic Signs Manual, Volume 2, Chapter 13: Road Works Signing, as well as COTO
Standard Specifications for Road and Bridge Works.

Recognizing that work zones pose challenges as far as design criteria for safe travel
are concerned, the Stage 4RSA reviews the project against the Safe System

principles in terms of survivable speeds and forgiving roadsides. The road safety
audit team shall realize that speeds should be lower because of lower design

standards on deviations and of generally greateestrictions placed on road users.
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Particular attention should be given to the following aspects:

1 Compliance with driver expectation principles in an environment that will be
dynamically changing.

1 Appropriateness of the proposed traffic management schemespecially

conditions in transition areas,

Adequacy and consistency of advanaearning areas,

Proposed and actual speedimits,

Conflicts between permanent and temporarfgatures,

Any aspects of the layout that could be misread by road uséesding to the

violation of driverexpectancy,

Likelihood of mud or dust obscuringraffic control devices,

1 Appropriateness of vehicle restraint systems or barriers including the correct
installation and the safety level criteria of such systems, includinte
appropriate application and installation of energy absorbing approach end
treatments or terminals,

1 Adequate provision for pedestrians, vulnerable road users and public

transport vehicles like minibus taxis,

Conflict points between constructiomelated traffic and the generalpublic,

The effect of congestion during peageriods,

The effect of an incident within the detour/ deviation/ diversioareas.

Provision for safe conditions during both daytime and nighttime utilization

of deviations.
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The RSA Tea shall be particularly careful in reviewing the safety of road users
during the changeover between different phases of the construction process.

A Work Zone Traffic Management road safety audit should be conducted as a
combination of a themed detail degin stage road safety audit followed by a pre
opening road safety audit of the diversions to confirm that the implementation of
the traffic accommodation proposals has been properly implemented and that
potential road safety concerns have been correctly adessed in the
Accommodation of Traffic design.

In complex projects it is customary to complete the works in multiple phases. A
Work Zone Traffic Management road safety audit should be conducted for each of
the distinctly different accommodation of traf€ phases including the transition
from one phase to the next. The prepening audit part of subsequent phases
should be conducted as Interim Road Safety Audits specifically focusing on the
changes that occur from one phase to the next and which may sugariroad users
that may have grown accustomed to earlier phases.

If a specific phase of the accommodation of traffic allows the beneficial use of a
section of road that may be substantially completed, the pagpening part of the
Work Zone Traffic Managemenbad safety audit should be conducted against the
background of the final design, rather than accommodation of traffic proposals.
This is essential if access to such a section of the works would be difficult or would
compromise the safety of road users atonstruction teams to carry out remedial
measures of the final works.
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The regular inspection of diversions or the accommodation of traffic scheme is not
to be considered a road safety audit nor the responsibility of the road safety audit
team. This should be considered as the responsibility of the Contractor and the
construdion monitoring team in terms of the conditions of contract and the
specifications for such project.

Preopening Stage Road Safety Audit (Stage 5 RSA)

A Stage 5 RSA should be conducted before the opening to traffic of a road or traffic
project but not bebre substantial completion of the project; enabling the audit
team to review conditions as they would be experienced by different road user
groups under typical operational conditions.

Preopening stage road safety audits represent the last opportunityahthe audit
team has to identify potential road safety concerns before the road is opened to
the travelling public. The team should have the opportunity to conduct a site visit
of the whole project, especially intersections and ties with the existingnetwork

in a manner similar to which roadisers would use the project once opened to
traffic.

It is particularly important to also conduct a nigHime site visit to review the site
under conditions when the road user cannot be assisted by wider perceptimirthe
road environment to safely use the facility.

The potential for making significant changes to the road safety situation -eite
during a Preopening stage road safety audit is limited and the audit team may have
to accept that the mitigating measureghat may be recommended at this stage
would similarly be limited in scope. (Such mitigation would be best received when
identified in a Stage 3 road safety audit.)

If it is not possible to audit the project before the road is opened to traffic, the Stage
5 audit may be conducted after the opening of the road, but within one month after
such opening and with the approval of the client.

The Road Safety Audit Team may need to walk, drive and/or possibly cycle across
the project to assess whether:

1 Sufficient provision is made for the different road users of the rogaloject,

1 There is adequate protection or mitigating treatment of roadsideazards,

1 There is no undue effect on safety as a result of variations between actual
construction and detail design, (The road safety audit team conducting the
Stage5 RSA, should take care that only staggppropriate remedial
measures are recommended, but that edier agreed remedial measures
have been implemented.)

1 Road signs and markings, lighting and other nighitne related issues are
appropriately addressed,

1 Theissues listed in the Stages 1, 2 and 3 Road Safety Audits are considered
if the Stage 5 Road Safst Audit is the first audit of the roagbroject.

In the Stage 5 RSA it is also important that the audit team confirm that temporary
signage, markings, construction equipment, barriers, fencing, materials and debris
that may constitute a hazard, either as ghysical entity or as the causal factor for
road user confusion, are removed from the newly constructed road facility to ensure
that the site as perceived by the roadser would present as a forgiving road.

93



9.6
9.6.1

South African Road Safety Assessment Methods
Volume 3 - RSA Part B: Conducting Road Safety Audits

The implementation of the mitigating factors agexl upon in a Stage 3 Detalil
Design RSA, should also be assessed in a Stage 5 RSA. If these issues had not been
resolved satisfactorily, they should be réerated in the road safety audit report.

The traffic management scheme in large projects often calfisr certain sections of
the project to be completed and partially taken over or to be made available for
beneficial use by road users, whilst another part of the project is being constructed.
The ability to gain access to such a partially opened sectiortloé project to conduct

a pre-opening stage RSA or for the contractor to access that section under traffic,
may be restricted or subject to increased risk. Under these conditions it is possible
to conduct an interim road safety audit on the section of roai be taken over /
partially taken over. This would allow the RSA team and the contractor safer access
to the site to conduct the road safety audit and to implement mitigation measures
before beneficial occupation.

Other road safety audits
Interim Stageroad safety audit

The Interim Stage road safety audit forms an integral part of the Road Safety Audit
process in working towards a Safe System. An Interim Road Safety Audit can be
undertaken on any aspect of the Road Project and at any stage, allowing feed
attention to a specific aspect. It is recommended that the client organization allows
for interim stage audits in the road safety audit brief such that the results of the
interim road safety audit supports progress with the project. Because the scofe o
interim road safety audits cannot be fully prdetermined, conducting an interim
road safety audit should be subject to the approval of the client representative as
far as scope and remuneration are concerned.

Interim road safety audits should be condied in the same procedural manner as
other road safety audits in the project development process and be undertaken by
the road safety audit team together with specialist advisors pertinent to the type
and nature of the required interim road safety audit.

Interim road safety audits are a professional service that is additional to the design
and the construction stage road safety audits and should only be undertaken under
special circumstances and at the request of and after procurement process
approval by he client organization.

All information contained in the interim road safety audits must be gathered and
assessed as would be done under any other road safety audit, as part of the full
and final road safety audit process.
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Monitoring Stage roadsafety audit

The Monitoring Stage audit is conducted after the implementation of road safety
remedial measures and is intended to identify and rectify possible road safety
concerns that are encountered in the first year after the opening of the project. A
Monitoring Stage road safety audit is a mandatory audit in the UK road safety audit
processH.

A Monitoring Stage audit differs from the ordinary process of a road safety audit in
the sense that it is based on an ilepth study of 12 months of traffic acaent data
after the opening of the project. (A monitoring stage road safety audit would not be
required if no accidents had occurred in the vicinity of the project in the 12 months
after opening, or if the client organization decides not to proceed with duan
audit.)

If the client organization decides to proceed with the monitoring stage road safety
audit, a road safety audit brief should be prepared, and a road safety audit be
conducted in broad terms similar to the audit process described in Figured &and
6.7. The monitoring stage road safety audit should be directed by the location and
nature of accidents. Accident trends or observed changes in accident trends need
to be incorporated, especially if migration of accident locations is anticipated.

Theroad safety audit team shall pay specific attention to possible changes that
may have been implemented during the construction stage and the altered effect
that the project may have had on the safety of vulnerable road users.

The monitoring stage road safty audit report shall be prepared in reasonable
compliance with the layout and contents of the typical road safety audit report.

Existing Facility Road Safety Audits

TRH 29 advances that the road safety audit process may be applied on the whole
life cycleof a road or traffic project, therefore also on the operational phase of the
road. The terminology used internationally to refer to a road safety audit which is
conducted on an existing road differs from country to country. In TRH 29 (Volume
1) the road safety assessment process referring to the road safety audit of an
existing road is designated as a Road Safety Investigation and is defined very
similarly as a road safety audit.

A Road Safety Investigation (RSInv) is a formal systematic examination of an
existing road location, in which an independent and qualified team reviews-site
conditions and historical evidence to identify existing or potential road safety
problems and suggest measures to mitigate those problems. Because the Safe

14 UK Stage 4 Road Safety Audit: Pespening monitoring
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System Approach oderpins all road safety assessment methods in TRH 29, it is
also important that RSInvs be conducted against the same supporting philosophy.

The aim is to identify problem features which are not yet apparent from the accident
history, or new problems introduced by engineering changes to the road or by
modifications in the way it is used. RSInvs are therefore performed according to the
same procecdures as road safety audits.

The selection of roads for RSINV can either be based on the results of network
screening or a programme of periodic inspection, e.g., Network Level Assessments
(NLA), in which all sections of the road network are inspectedfeted intervals.

RSInv is applied during the normal operation of a road, i.e., when the road is open
to traffic and no major maintenance or upgrading works are in progress. It is
recommended that RSInv be conducted whenever periodic maintenance is
planned, including likefor-like replacement such as resurfacing. This would allow
the identification of remedial measures that could be implemented when
construction equipment would be osite and when provision may be made for
funding of road safety remedial reasures in combination with maintenance
budgets.

A RSInv report follows practically the same layout and administrative review and
close-out process as a RSA Report, with the exception that the RSInv should also
include an analysis of the accident statists on such section of road, unless
specifically excluded by the client organization in the road safety audit brief.
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10 Thematic road safety audits

10.1 General

The principles underpinning the road safety audit concept allows road safety audit
to be applied atall stages of the life cycle of a road or of a transport related project.

Depending on the audit brief issued by the client organisation, it is also possible to
conduct a road safety audit assessing only certain aspects. In this section the
following atypcal audits are described:

1 Specialist road safety audits for specific road user groups
0 Pedestrians and vulnerable road users
0 Road users with disabilities and special needs
1 Specialist road safety audit for integrated transportation hubs

1 Landuse development project road safety audit
Thematic road safety audits are audits focusing on specific road users, rather than
reviewing the safety of a facility for all roadsers. Road safety audits typically
require that the audit considers all rod-users affected by the proposed project. To
an increasing extent, specialized facilities are being developed for nootorised
transport such as jogging tracks and/or cycle tracks which would be used outside
of the typical road environment. The need to asss the safety of animatirawn
vehicles in the rural environment is another concern worthy of review in rural areas.
Road safety audits that focus specifically on the safety of a particular group of road
users are referred to as Thematic Road Safety Augit

It is also recognized that in certain areas an increased concentration of reasers
with specific needs can be identified, such as older pedestrians or those that are
hearing or visually impaired. Areas around schools and routes towards schools are
also examples where thematic road safety audits may prove particularly beneficial,
given the behavioural patterns of young children. Other examples may be found in
areas such as public transport hubs, resind service areas along freeways, and
major shoppingmalls or sports venues.

It is prudent for a shift in emphasis in areas such as these to specifically address
the needs of the prevalent special interest roadser groups.

A thematic road safety audit should be conducted when facilities for specific read
users are developed in such a manner that they would be open for public access or
use, rather than a facility with access restricted to an isolated group. The subject
matter incorporated in a proposed thematic RSA should be clearly set out in the
audit brief to the auditors.

The thematic road safety audit brief and the RSA team should recognize the need
for design elements to prioritise the roadiser group with the highest degree of
vulnerability and proceed stepwise to groups with lesser vulnerability.

In a thematic road safety audit, the audit team should pay particular attention to
the following:

1 The traffic zones applicable to the road user group under review, such as
streets, street crossings, parking areas or transit areas,
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1 The aspects specificallyelated to the type of facility, such as pedestrian
facilities, traffic exposure or traffic control devices,

1 Design elements such as differential speeds, continuity or connectivity with
reduced exposure to safety concerns, placement or obstructions of itigs,
inter-visibility with vehicular traffic, etc.

1 The risk that pedestrians may disobey design elements such as pedestrian
channelization or restrictive conditions.

1 The possible violation of roa@iser expectancy, for example the risk of using
a marked pedestrian crossing under the impression that the painted
crossing reduces the risk of driver ignorance.

Thematic road safety audits may be conducted at any stage in the planning and
design process but would have the greatest benefit when done at the piang,
detail design and preopening stages. It is also important to address the exposure
of such vulnerable groups in construction work zones.

10.2 Road Safety Audits for specific roadser groups
10.2.1 Pedestrians and Cyclists

Pedestrians (and cyclists) are particatly vulnerable to serious injury. In a vehicle

pedestrian accident, the probability of survival for the pedestrian decreases
dramatically at impact speeds above about 30 km/h. Management of the speed
environment where pedestrians and vehicles interact isherefore a critical
consideration.T h iswgvivablé di f f er ent i al -usereneodesideet we en
and vehicles in a conflict situation in mixed traffic would be near impossible to

achieve.

For this reason, increased focus is given to theeparation of vehicles and bicycles,
where dedicated cycle lanes are provided grade adjacent to vehicle lanes or
separated cycle tracks constructed. In the ordinary road environment, it is unlikely
that full separation of vehicles and cycles can be a®ved by physical separation
and or operational separation using traffic control devices at all locations. The
increase in risk associated with these type of conflicts forms the basis of a
Pedestrian/ Cyclist Thematic road safety audit.

In these thematicroad safety audits, the audit brief should clarify the extent to
which the road safety audit team should address at least the following possible
road safety concerns in terms of speeds, visibility, and roader expectation
conflicts:

1 Interaction with busstop locations and bus rapid transit in terms of waiting
areas and entering or exiting the bus

9 The location of bus stops, or BRT stops in relation to the possible pedestrian
crossings to ensure sufficient forward visibility to crossing pedestrians,
without being obscured by a stationary bus.

1 The design of bus stop facilities creating continuity with pedestrian
walkways, kerb ramps and pedestrian crossings, encouraging the effective
interaction with the existing pedestrian network.

1 The safety of bus acces$o bus stops where shared or ostreet cycle lanes
need to be crossed to use the bus stop
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1 Access of pedestrians to bus rapid transit stations including pedestrian
refuge areas and pedestrian traffic signals when BRT stations are in the
median.

1 Pedestrian exposure to increasing the number of vehicle lanes and

pedestrian crossing distance

Pedestrian demographics in terms of age and possible mobility restrictions.

Traffic mix with greater exposure to truck traffic.

1 Possible nighttime pedestriam€movements

= =4

The RSA Team for a thematic pedestrian/ cyclist road safety audit should include
at least one member with a good understanding of the principles of pedestrian and
cyclist safety. These principles would include reasons why a pedestrian may be
influenced to walk, such as:
1 The lack of choice between different modes of travel or lack of access to
vehicles.
1 The distance to a desired destination.
1 Characteristics which encourage or discourage walking and the
commensurate increase in risk.
1 Perception ofsafety, security and or comfort
The principles of conducting a Pedestrian and Cyclist Thematic Road Safety Audit
are the same as any other Road Safety Audit, only with the rasser being
restricted to vulnerable road users and the facility possibly restied to a dedicated
facility to the exclusion of other facilities.

The site visit for such a pedestrian or cyclist road safety audit should include:
1 A walkthrough or ridethrough of the audit site
1 Assessing conditions against the background of roadsers with wide
ranging but potentially restricted, physical or mental abilities,
1 Reviewing the possible lack of visibility of pedestrians at night,

Reviewing the safety treatment of pedestriagpecific facilities.

1 Assessinghe behaviour of drivers, pedetsians and cyclists in the adjacent
areas and the effect thereof within the audit aredn the South African
context, the role of walking even long distances in rural areas is a regular
occurrence. The position of the pedestrian in the rural context and @n
vehiclepriority network, should be carefully reviewed in any road safety
audit in such an environment

=
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A master list of aspects to be considered when assessing the safety of pedestrians
in the rural context is included in Appendi¥3B7 to this report. The aspects that
can cause road safety concerns and which should be addressed in a thematic road
safety audit pertaining to pedestrians in rural areas include the following:

1
1

==

Higher order roads cutting through informal settlements,

The cross section of thee roads is often rural in character and does not
suggest that the road is considered as senuirban,

Ribbon development of rural settlements along the road,

Crossing of the main road is required to access schools, shops and houses
on opposite sides of tle road,

High vehicle speeds on the major roads with no or limited traffic reducing
incentives contributing to high differential speeds,

Speed traffic calming measures,

Predominant transport mode in the adjacent developments offers no
alternative to walking or cycling,

Due to the lack of designated transit areas, taxis and buses stop anywhere,
Un<classified road users such as trollies or animals are vulnerable to motor
vehicles,

Crossing of pedestrians over multiple higépeed lanes,

Pedestrian bridge or tunnel crossings that are unsafe due to crime or
violence,

No formal walkways other than using shoulders or the roadway itself,
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1 Lack of roadway lighting increasing the perception of poor security and road
safety,

1 Nonmaintained vegetatia,

1 Wide range of vehicles making use of the areas,

1 Road condition is often poor and suffers from poor maintenance with
respect to insufficient road markings and signage and a lack of road
furniture such as restraint systems, signs, etc,

1 Paved roadintersected primarily with gravel roads with little maintenance,

1 Lack of road traffic safety awareness and education.

10.2.2 Road users with disabilities and special needs

The United Nations General Assembly adopted Standard Rules on the Equalization
of Opportunties for Persons with Disabilities on 20 December 1993. The
Constitution of the Republic of South Africa, 1996 protects the rights of all people
in South Africa. No person, including the State and private companies may unfairly
discriminate directly or imlirectly against any person on one or more grounds
including race, gender, colour, age or disability. It is against this background that
the South African Cabinet approved a White Paper on the Rights of Persons with
Disabilities. The White Paper is supp@d by nine strategic pillars of which Strategic
Pillar 1 recognizes the need for Removing Barriers to Access and Participation.

It is incumbent on the road safety audit team to specifically assess the needs of
persons with disabilities whenever a road safg audit is conducted in areas close
to facilities frequented by persons with disabilities. Whereas various issues emerge
generally whenever pedestrian audits are conducted, these become even more
important when the facilities are to be used by persons \uitdisabilities.
Furthermore, the type of disability must be taken into account when the road safety
audit is conducted.

Strategic Pillar 1 of the White Paper addresses the importance of accessibility for
persons with special needsThis is aspecialized feld requiring indepth analysis to
be able toresolve universal accessibility issuefor people with a widerange of
special needs Some of these areas of concern (which should be addressed in the
context of a road safety audit), include the following:

1 Provision should be made for continuous and barridree movement by
road-users, avoiding the risk of mixed traffic,

1 Provision should be made for independent approach, entry and exit of
transportation facilities and transitioning between road crossing, sidela
and adjacent facilities,

1 Path of travel should be accessible in terms of width, be linear and
continuous and limited in direction changes between pedestrian crossings,

1 Pedestrian crossings should be clearly distinguished from the road by
applying contrating road markings, clearly visible and provided with
appropriate signs or traffic control devices,
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91 Sloped transitions should be provided in case of height differences at
pedestrian crossings with due consideration of space to turn a wheelchair,
for examge,

1 Kerb ramps towards pedestrian crossings
should preferably be aligned '
pgrpendlcular' 'to the kerb .to facilitate LM e s | |
direct transition from sidewalk to
pedestrian crossing. A single depressed
kerb aimed at 45 degrees towards the
center of an intersection, instead of
directly on to the pedestrian crossing
should be avoided,

1 Accessible paths should not have
dangerous unprotected edges, gaps or openings and should be free of
protruding or obstructing objects that may be considered hazardous such
as signs or lamp posts, for example,

1 Bollards, planters and other roadside furniture should not reduce the
accessible travel path to less than 1200mm(or those limits published in
relevantregulations or bylaw}

1 Appropriate #ctile surfaces should be inglled in areas where visually
impaired persons would require directional guidance,

1 Accessible parking spaces for persons withpecial needsshould comply
with local regulations or bylaws but should be located as close as possible
to the facilities being ®rved. They should be provided with lateral access
aisles connecting to accessible pathways and marked with standardized
signs and markings,

1 Pickup and dropoff areas should include kerb ramps similar to those at
accessible parking spaces in such a waat possible confusion with the
roadway and the sidewalk area would be avoided,

1 If construction works would impinge on the accessibility of travel paths,
irrespective of narrowing of the path or trenching across the path, protection
should be provided tgprevent roadusers from injury, or an alternative and
unobstructed accessible path should be provided,

1 Pedestrian signals in areas where visually impaired may be expected should
be provided with pedestrian buttons at a standard height and supplemented
with audible output.

10.3 Road Safety Audits for specific types of conditions
10.3.1 Road safety audit for integrated transportation hubs

Integrated transportation hubs create complex movement patterns for pedestrians,
passenger vehicles and public transport vehicles.

Due to the commercial activity mostly being driven by the increased number of
patrons to the area, a significant attractiorvalue exists for small and medium
businesses, along with informal business development.
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The existence of such formal and informal businesses in an urban or periban
environment also requires meaningful access and circulation arrangements for
public servce vehicles such as waste removal.

The complex movement patterns together with the undisciplined driving
characteristics that may be encountered in a less formalised area, require a
particularly robust review of potential road safety concerns. The implicas of
changing scenarios at such a transportation hub, should also be considered when
reviewing road safety conditions for such a proposed development.

The figures below indicate the extent to which such a hub influences road safety:

1 With developmentshat initially occurred at Denneboom train station in the
Mamelodi area in Tshwane (station currently closed), combined with taxi
ranks, a shopping center was developed in support of this hub as well as
facilities for informal commercial activities on thether side of a major dual
carriageway arterial.

Similar conditions occur regularly, as the figure below indicates in the Mdantsane
area, where an even greater utilisation of informal business development is
evident.

10.3.2 Land use developmenprojects

Landuse development projects can be found in industrial, commercial, or
residential environments. They often have their own car parks, driveways or
footpaths and therefore have traffic interactions in much the same way as roads
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and streets. Sincethese projects have great potential to change the traffic volumes,
traffic patterns, vehicle mix, road environment or user perception of the area, they
match the type of project envisaged for road safety auditing as contemplated in the
definition of a roal safety audit.

The inclusion of road safety engineers in the design process would be beneficial
in the case of landuse developments. Such an approach:

1 saves the developer time and money, because arguments about potential
safety concerns areremoved from decisions and planning inquiries or
appeals.

1 avoids last minute redesigns,

9 allows developers to use safety as a positive selling feature.

10.3.3 Temporary Traffic Management Road Safety Audits

In the case of special events of a significant size an a potentially hazardous
environment, or in areas where such events would result in major variations of
traffic flow, it would be particularly advantageous to assess the road safety
conditions that would be expected during such events. The road safetyncerns
that could be identified during these events, would be similar to special cases of
work zone traffic management. It would therefore be particularly advantageous if
the temporary traffic management would be road safety audited to identify
potential road safety concerns to be remedied. Such Temporary Traffic
Management Road Safety Audits should be treated as special cases of the Work
Zone Traffic Management Road Safety Audits.

Typical situations where these
types of events would occur, may
be found inthe temporary traffic
management proposals for
events such as the 2010 FIFA
World Cup and the annual
Comrades ultramarathon or
cycling events (such as the
annual Cape Town Cycle Tour).

Similar conditions also exist in
coastal towns where the traffic coditions during summer holiday periods are
significantly more complex than during the rest of the year. During these holiday
periods the general level of road safety awareness deteriorates against the
background of a more relaxed and careless attitude byad-users.

These road safety audits can also be applied with great advantage on incident
management plans when a freeway needs to be closed due to natural phenomena
(such as sinkholes), accidents causing major disruption or even uncontrolled
lawlessness.
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11 Road Safety Audit Reporting

11.1 General Requirements

The road safety audit report is intended to guide the decisignaking process.
However, it is the responsibility of the project manager (client) and designers
(consulting engineers) to make the final desions about what advice to accept, and
how best to proceed to implement changes in the design and positively influence
the road project as a whole. It is therefore incumbent on the road safety audit team
that the report be written in an advisory style ra#r than instructional style.

Writing the report is the responsibility of the road safety audit team leader. The
team leader may delegate sections to be written by team members, but most
reports are prepared by one auditor. The draft report should then lo&culated
among team members, for each person to provide inputs, comments and correct
where necessary.

Audit reports are succinct reports with brief, but technically clear descriptions of
each of the safety concerns identified by the audit team.

The RSA Bport should be brief, accurate, and technically complete. It should
contain:

1 a title page with the name of the road project and its location; a brief
description of the road project: what type of project, why it has been
proposed, and the stage of the aut|

names of the road safety audit team members,

1 dates of the audit inspections and the weather conditions esite at those
times,

1 a table of all the safety concerns found from the desktop audit as well as
from the site inspection(s),

9 a practical and clearrecommendation for corrective action for each safety
concern,

1 digital photographs of important safety concerns or extracts from the
drawings showing the identified concerns,

9 a statement signed and dated by the team leader on behalf of the team,
indicating that the team has audited the drawings, inspected the site, and
identified the road safety concerns noted in the report; and

1 alist of all drawings, reports, and documents reviewed as part of the audit,
including drawing numbers and revisions. This may lseful for reference
later as large road projects often have several generations of drawings. It
may prove necessary, at a later time, to be quite specific about the actual
drawing audited.

=
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11.2 Road Safety Audit Report Format
11.2.1 Background to report format

Roadsafety audit manuals are consistent in requiring the RSA report to be concise
yet summarising each road safety concern, describing the concerns and the
associated risks as well as recommending appropriate remedial measures. Itis also
evident from reviewng RSA Manuals that the report format covers various aspects
as standard items in the layout of the report. This typical format is described
hereafter as well as shown in Appendix B6.

The actual layout of the report in portrait or landscape format is legsescriptive
and different options are shown in the report templates used in different manuals.
The use of photographs or extracts from design drawings is advocated as a means
of clarification of the identified concernReview of actual RSA reports inditathe
extent to which aspects from the RSA manual are often used in the body of the RSA
Report to pad up the report. This is not an acceptable practice and conflicts with
the objective of the report to be concise. Should it be necessary to duplicate
contents from the RSA Manual, this should be relegated to an appendix, like the
suggestion below that the risk assessment matrices be copied into Appendix C.

Published RSA report templates normally do not include the cleset items

associated with the designes ’ response or exception repo
form part of an additional report, resulting in these closeut items becoming cryptic

references to the RSA report and not conducive to understanding the context of

those parts of the report. Review dhe layout of the different templates shows the

ease (or not) which these aspects forming part of the RSA clemé process can be

appended to the RSA Report, making certain that all findings are closed out
meaningfully.

In SARSAM 2022 it is a requiremeénthat all road safety concerns shall be
responded to by the design team, the response replied to by the RSA team and a
decision for implementation or closeut recorded on behalf of the client
organization. To achieve these objectives the template in whithe road safety
concerns need to be reported and how the closeut process needs to be done, has
been recommended to be in a tabular format in landscape layout. This allows the
findings and recommendations of the RSA team to be recorded in a manner that
also supports the continuation thereof for the rest of the closeut process.
Examples of the RSA report and of the Decision Tracking Form are included in the
appendices to this part
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11.2.2 Report Format

The proposed report format should record the roagshfety audit using at least the
following subsections:

1 Introduction
1.1 Road Safety Audit
1.2  Commissioning Authority
1.3 Terms of Reference
1.4 Road Safety Audit Team
2 Background
2.1  Site description and scope of the audit
2.2  Items resulting fromprevious road safety audits

3 Road Safety Concerns from this Road Safety Audit

4 Road safety audit team statement

APPENDICES
A Marked-up drawing with indicative location of safety concerns
B Road Safety Audit Brief (Including list or reviewed drawigs)
C Risk Assessment matrix
D RSA Decision Tracking Form (To be included upon finalization)
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APPENDICES

V3B1:
V3B2:
V3B3:
V3BH4:
V3B5:
V3B6:
V3B-7:
V3B38:

Glossary

Example: RSA Report Example

Example: RSA DTF

Example: Risk Assessment

Model Audit Brief

Model: RSA Report Layout

Model: Prompt List

lllustrative Examples of Road Safety Concerns
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APPENDIX VB1:

GLOSSARY

TERM DESCRIPTION

Client Organization

The client organization is responsible for the
management andadministration of the road safety
audit in accordance with the statutory or organizatien
specific procurement processes from inception to
close-out.

Client Decision Report

The Client Decision Report is a summary report
recording the decision by the clietihon each identified
and recorded road safety concern.

Completion or debrief
meeting

A meeting that may be held on conclusion of the road
safety audit site visit with the client representative ang
design team to discuss road safety audit findings.

Decision Tracking Form (DTF
(Closeout sheet)

A form to record in iterative manner the closeut
process and status of completion of each individual
road safety concern for each of the identified road
safety concerns and for the sigwff by each of the
parties to the RSA process. Upon final closait the
DTF is bound into the RSA report as the Client
Decision Report.

Design team (Also Service
Providers)

Consulting engineers appointed by the client
organisation to perform the professional services
related to the planning and design of the works.

Designer s’ re

Report by the design team in response to the road
safety concerns and remedial measures identified by
the road safety audit team in the road safety audit
report.

Forgiving Roads

A road safety engineering concept which recognises
that road-users make mistakes on the road but that
the road designer should design the road in such a
way that the ensuing injuries should be minimised.

Interim RSA

The application of the road safety ailit process to the
whole or a part of the works at any time during its
design or construction to assess a specific aspect
subject to the approval of the client representative.
The interim road safety audit is neither mandatory no
a substitute for the roadsafety audit stage during
which it is conducted.
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TERM

Level of Road User Risk

DESCRIPTION

Risk level represented by the combination of the
intrinsic risk of the road safety concern combined with
the level of roaduser vulnerability within the safe
system environment.

Risk Assessment

A prescribed sixstep procedure to determine the level
of roaduser risk.

Road Safety Audit

A formal technical assessment process of a new or
upgrading road or traffic project, in which an
independent and qualified team preactively identifies
potential road safety concerns that may lead to
injuries or fatalities of any roadisers and suggests
measures to mitigate such risks by applying the
principles of the Safe System Approach.

Road safety audit brief

The instructions to the road safety audit team
describing the scope and details of the project to be
road safety audited, including sufficientnformation
for the stage of road safety audit to be undertaken.

Road safety audit
recommendation

A proportionate and viable suggestion to reduce the
risk of injury or fatality in mitigating an identified safet
concern.

Road safety audit report

The repat produced by the road safety audit team
describing any road safety concerns identified by the
road safety audit team, risk assessment and the
associated road safety recommendations.

Road safety audit site visit

A visit to the location of the proposed arompleted
project by the road safety audit team to assess esite
conditions and identify aspects related to safety
concerns.

Road safety audit team

A that works together on all aspects of the road safety
audit, independent of the road or traffic project
conception, design, construction or operation.

Road safety audit team
leader

A person with the necessary training, skills and
experience who is approved for a specific road safety
audit by the client organisation.

Road safety audit team
member

Amember of the road safety audit team with the
appropriate training, skills and experience necessary
for a particular project and road safety audit stage,
working with the road safety audit team leader.

Road Safety AudifTeam reply

Formal responsetothed si gn t eams
on the road safety audit findings.
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TERM DESCRIPTION

Road Safety Investigation
(RSInv)

A formal systematic examination of an existing road
location, in which an independent and qualified team
reviews onsite conditions and historical evidenceéo
identify existing or potential road safety problems and
suggest measures to mitigate those problems.

Safety concern

An identified road safety matter together with the
potential road traffic accident, location, summarised
description and risk assessment

Safe System Approach/
Safe System

A road safety approach which recognizes that road
users will continue to make mistakes and that roads,
vehicles and speeds should be designed to reduce th
risk of accidents and to limit their exposure to impact
forcesto a level that the human body can tolerate.

Specialist advisor

A person approved by the client organisation to
provide specialist independent advice to the road
safety audit team where the project includes features
outside the experience of theoad safety audit team.

Stage 1 RSA
Conceptual Design Stage
Road Safety Audit

A road safety audit conducted at the onset of the
design process

Stage 2 RSA
Preliminary Design Stage
Road Safety Audit

A road safety audit conducted towards the end of the
preliminary design process when the horizontal and
vertical alignment as well as junction designs have
been completed.

Stage 3 RSA
Detailed Design Stage
Road Safety Audit

A road safety audit conducted close to the completior|
of the detailed design but before the contract
documents are finalized.

Stage 4 RSA

Work Zone Traffic
Management Stage Road
Safety Audit

A road safety audit conducted on the proposed
accommodation @ traffic scheme proposed by the
contractor in terms of the specifications of the
construction contract.

Stage 5 RSA: Prepening
Stage Road Safety Audit

A road safety audit conducted before the opening to
traffic of a road or traffic project but nobefore
substantial completion of the project; enabling the
audit team to review conditions as they would be
experienced by different road user groups under
typical operational conditions.
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TERM DESCRIPTION

Survivable (Safe) Speed The speed at which the tolerance of theuman body
to changes in momentum or kinetic energy during a
specific type of accidenis not normally exceeded
sufficiently toincreasethe risk of fatalityto more than
10%.

Thematic road safety audits | Road safety audits focusing on specifimad-users or
conditions, rather than reviewing the safety of a facilit
for all roadusers and considering all roadisers
affected by the proposed project.
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1 INTRODUCTION
1.1 Road Safety Audit
Preliminary Design Stage Road Safety Audit for dualling of Main Street, Industrial Are@ityscape:
1.2 Commissioning Authority

This report results from Preliminary Design Stage Road Safety Audit carried out for the client,
| NDUSTRI AL AREA DEVELOPMENTS, upon instruction
CONSULTANTS.

1.3 Terms ofReference

No formal road safety audit brief had been submitted to the RSA Team. The Terms of Reference for this
audit was therefore taken from the guidelines as contained in thelraft) South African Road Safety
Audit Manual, 2022 and the Specifications @ntained in the Terms of Reference for the project. The
RSA team applied the guidance given for road safety audit site visits during the pandemic period as
indicated by Highways England, allowing multiple party site visits for design stage audits to bé&aesal

by video recording where possible.

A video conference commencement meeting attended by the client representative, geometric design
staff from DTC Consultants and the RSA team was held &afe, 2020]. This virtual meeting confirmed
guidance given duing the conceptual stage road safety audit. The design team also confirmed the
submittal of preliminary design drawings for the project, as well as the comments received from City
Council Safety Engineer on the conceptual design stage road safety auditawcted in [Datel, 2020].

The client representative confirmed that the video recording submitted to the RSA Team was
acceptable in support of the desktop review of the drawings.

No relaxation of design standards was raised in the commencement meeting

Thisreport describes the road safety concerns identified during the review of the preliminary design
drawings.
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Project Name/ Reference

The desktop review of the City Counci l Safety
done between Pate 2, 2020] and [Date 4,2020]. The site visit was conducted orfJate 3, 2020] by
the road safety audit team leader accompanied by the design team geometric engineer.

The weather conditions and traffic conditions during the site visit did not negatively impact upon the
ability ofthe RSA Team to review the site, its surrounding areas, and theiritiavith existing network
and factory accesses. The conditions were also similar to the conditions captured on the earlier video
recording. No infrastructure changes exist compared withe video recording.

In this report, the audit team only identifies issues specifically relating to road safety and does not
examine or verify the compliance of the design to any other criteria, nor comments on aspects that
could reflect on alternative deigyn options that might have been available to the design team.

Road user risk assessments were done in accordance with the SARSAM2022 procedure utilizing the
risk assessment procedure indicated in Appendix B of this report.

Recommendations with respect tgossible remedial measures that should be considered to reduce
the likelihood of road safety incidents, or the severity thereof are made for each concern identified. The
locations of the identified road safety concerns are shown in Appendix C to this répor

Road Safety Audit Team

The road safety auditvas conducted by:
RSA Team Leader:

S.U.M. Body, Pr Eng, MBA, B.Eng Hons (Civil)
RSA CONSULTANTS Inc, Cityscape, South Africa

RSA Team Member:
A.N. Other, Pr Tech MTech(Transportation)
RSA CONSULTANTS Inc. Cityscape, South Africa

The road safety audit report was independently reviewed by:

Eng D.B.L Checker Pr Eng, MEng (Transportation) MRoSPA
Independent Road Safety Engineering SpecialistfySicape, South Africa.
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2. BACKGROUND
2.1 Site description and scope of the audit

The proposed improvement to Main Street comprises the dualling of the existing tway street

for a distance of 700m between the roundabout access to Grandioggevelopment and an at
grade left ideft out junction with Arterial Street just west of the interchange with A1 Expressway.
The proposed dual carriageway will tie in with existing dual carriageway section of Main Street.
The project also provides for forming parking arrangements and upgrading the roadway cress
section to provide Fig 3 barrier kerbs and 2m buffer zone adjacent all existing kerbs.

2.  The audited site is shown in Figure 1.
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Figure 1: Locationof Audit Area along Main Street
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2.2

Thecurrent road layout provides for a single carriageway tway traffic street with haHbatter kerbs
only at the intersection belimouths. The available ROW allows for extensive width on both sides of
Main Street which is being utilized for neformal parking by passenger cars and trucks on the eastern
side of the road, and passenger cars on the western side. The western side of Main Street is adjacent
a no-access boundary of Grandiose private access development. The eastern side of the road
provides accesdo a section of industrial development.

The proposed road layout provides for the duplication of the street as a new fully kerbed carriageway
with angled car parking and reconfiguring the existing Main Street as one carriageway with parallel
truck parking.All parking is directly on Main Street.

The speed limit has been agreed at 60km/h with road authority and local traffic police.

Due to pandemic travel restrictions individual site visit has been conducted by the road safety audit
team leader and thedesign team engineer on [Date 3, 2020] under daylight conditions. The accuracy
of the video recording received from the client was also confirmed. Traffic volumes during the
recording were low and weather conditions fine with no negative effect on theweting or influencing

the review.

The video recording, general layout drawing, existing and proposed cross sections, profiles, road signs
and marking drawings and street lighting drawings were assessed-site by the road safety audit
team which has a god knowledge of the area and the traffic patterns on this section of the road
network.

The audit team in this report only identified issues specifically relating to road safety and did not
examine or verify the compliance of the design to any other criterizor commented on aspects that
could reflect on alternative design options that might have been available to the design team, but
which have no direct bearing on road safety.

Items resulting from previous road safety audits

A Conceptualstage road safety audit of limited scope was conducted by the same RSA team and
submitted to the client and design team for consideration and revision of the proposed design.

The City Council road safety engineer also commented on the conceptual desigawihgs. These
summarized comments are included herewith together with the road safety audit team responses made
during the current road safety audit.

Unresolved road safety findings raised in the Conceptual Design Stage RSA are repeated in this
Preliminay Design Stage RSA
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. o ACTION
C o u n &afelty’erggineer comments (as indicated by Design Team) RSA Team Response
1 Show the existing pedestrian markings for the The layout has been updated showing | Supported
existing roundabout and provide the missing the existing and proposed pedestrian

pedestrian crossing for other@approaches, also marking and footpath
check the continuity of footpath
(Conceptual Design stage audit; Item 1.3)

2 Show petrol station access on Main Street (plot | The future petrol station access is Revised layout will be reviewed in
No. 3650) shown on the road layout Final Design Stage RSA. when
design has been completed and
submitted for rights application

3 Raised pedestrian crossing/s should be provided | Noted: one more speed table has been | Supported, subject to appropriate
along thescheme to allow pedestrian crossings | added on the middle of the road signsand markings

and to reduce potential ovesspeeding on this
section of the road.

(Conceptual Design stage audit; Item 1.5)

4 Continuous Footpath of 2m shall be provided cleg Noted. Footpath 2m has been provided | Supported
from all obstructions and street lighting poles in | without any obstructions.
some locations should be studied again
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3 . FINDINGS RESULTING FROM RRELIMINARY DESIGN STAGE ROAD SAFETY AUDIT

Identified Risk

(of a casualty)

Safety Concern

Recommendation
(to mitigate risk of a casualty)

3.1 Angled parking on dual carriageway street Location: General along Main Street The use of angled parking directly on
Risk of side impact crashes upon exiting from to this dua}I carriageway ro_ad should
angled parking be reconsidered from a driver

Parking for passenger vehicles is provided as angled expectancy and sight distance
parking for a number of parking bay clusters along the | perspective.
Risk rating: Minor/Scattered/ ROF<25% street and on both sides of thestreet.
Ve e e oceod on e Font 0L of e AP | s road foparing and access
main tréffic vehicle would require reversing into the mair to the adjacent lots should be
; S " 4 . provided, failing which parking should
road under restricted visibility conditions with traffic on b : :
. . . ; e revised as parallel parking.
the main road notexpecting such reversing vehicles.
Notwithstanding the fact that the posted speed limit is
40km/h the expected operational speed will be higher.
(The designers indicated in design report that 70km/h
standards have been applied.)
Reversing under the expeed higher operating speed
would increase the risk of side impact crashes.
3.2 Limited turning width Location: Access to deaénd local road Turning radii br this junction should

Restricted turning conditions for trucks- possible
head on crashes

Risk rating: Significant/Isolated/ROF<2%
Road user risk: High

The intersection into the deaeknd local road some

280 m from Arterial Road does not allow for safe turning
movements by heavy vehicles. Turning into the local rog
from Main Street will require encroaching into opposing
traffic flow on the local road.

Designer response for Conceptual Design Stage RSA
confirmed that the turning radius allows for the turning o

an SU truck. Observations osite confirms the large

be revised to allow for tractor/trailer
truck turning geometries without
encroaching opposing flow lane.
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Identified Risk

(of a casualty)
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Safety Concern

number of tractor/trailer combination trucks that require
larger turning radii. Review of existg aerial images
indicates that the proposed lefin-left-out junction is
significantly smaller than the existing junction.

Wide turning trucks increase the risk of headn crashes
in violation of driver expectancy on the local road.

Recommendation
(to mitigate risk of a casualty)

3.3

Poor visibility for corner lot access
Visibility for access to corner lot is poor.

Risk rating: Moderate/Occasional/ROF<25%
Road user risk: Medium Risk

Location: Corner lot just north of local road junction.

It is acknowledged that the access to the corner lot is
designated as an exit only from Main Street. The
distance available between the juation to the local road
and the access to the corner lot in the nortieastern
corner does not allow for safe stopping distance along
Main Street.

Vehicles entering from the local road will tend to look
towards approaching traffic when entering Main Street
and run the risk of crashing into a vehicle slowing down
to access the corner lot; close spacing between
entry/exit locations.

Increased risk of reaend or sideswipe crashes

Access to the corner lot should be
relocated as far as possible from the
junction of the local road.
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Identified Risk
(of a casualty)

Safety Concern

Recommendation
(to mitigate risk of a casualty)

34

Wurn too tight for trucks

U turn of limited radius restricts use by trucks
increasing risk of entering passenger cars

Risk rating: Minor/Occasional/ROF<50%
Road user Risk: Medium

Location: Southern end of scheme atrferial Street

The radius of the turning loop at the end of the scheme
is 20m measured to the inner edge line of the curve and
is too small for the type of trucks observed csite.

Trucks which need to Wurn to use the proposed truck
parking on theeastern side of Main Street run the risk of
damaging kerbs and tyres, contributing to later damage
by either truck or car. Trucks may turn wide to improve
line and risk turning into adjacent lane (Side impact
crashes on higher speed traffic entering Maintf&et)

Roadway should be widened to meet
tracking characteristics and inside
kerbs be made mountable.
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Identified Risk
(of a casualty)

Safety Concern

Recommendation
(to mitigate risk of a casualty)

3.5 Location of lamp posts Location: Along the estern boundary of Main Street Lighting should be provided in
accordance with the illumination
standards in Cityscape to ensure

Physical objects within the clear zone Posted speed limit is 60km/h on dual carriageway with | improved nighttime driving conditions.
Risk rating: Minor/Scattered/ROF<50% potential s_pegdmg. The proposed cross section of the Kerbs should be transitioned from
S ; new road indicates the location of the lamp posts to be . : :

Road user risk: Medium . ) semi mountable to barrier (Fig 2

retained on the eastern side of the road and that no .

" . . Barrier kerbs) on the approach to the
additional lamp posts are provided along the duplicated | |;
. ) . light posts

section or in the median.

The proposed location in Cross section AA is18from

the nearest running lane, placing it within the clear zone

(Clear zone for 60km/h design speed is 4.5m in

undeveloped roadsideconditions) No lamp posts are

indicated in Cross section BB although posts have been

observed in the current situation.

The lack of lamp posts on the western side of the road

will furthermore keep that part of the road in a darker

environment increasing tle risk of pedestrian crashes or

compromising sight distance under nighttime driving

conditions.

Risk of narrow diameter fixed object crashes

3.6 Lack of longitudinal pedestrian facilities Location: Along Main Street on both sides Continuous pedestrian sidewalks

Lack of pedestrian facilities along Main Street.

Risk rating: Moderate/Scattered/ROF<80%
Road user risk: Very High

The typical services reservation cross sections e
design indicate the provision of pedestrian sidewalks as
an integral part of the cross section.

The existing cross section of the road does not have sug
facilities and the proposed cross sections only make
partial provision for a 2m buffer zone of nterlocking tiles

should be provided on both sides of
the main road and should be tied into
existing facilities, where needed.
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Identified Risk Recommendation

(of a casualty) Safety Concern

(to mitigate risk of a casualty)

along the road which may be used as pedestrian
walkway. This is not a continuous walkway, however.

Lack of pedestrian sidewalks encourages pedestrians tg
walk in the roadway itself, leading to increased risk of
pedestrian crashes at speedimit of 60+km/h.
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4 ROAD SAFETY AUDIT TEAM STATEMENT

We certify that we have examined thdrawings, video recordings and traffic information related to

the dual carriageway design of Main Street. This examination has been carried out with the sole
purpose of identifying any features of the design that could be removed or modified to improve the
safety of the scheme. The concerns that we have identified have been noted in the report, together
with suggestions for improvement which we recommend should be considered for implementation.

Name:
S.U.M. Body Pr Eng

Position:
Road Safety Audit Team Leader

Organization:
RSA CONSULTANTS Inc
Cityscape, South Africa
RSA Team Member:
A.N. Other, Pr Tech MTech(Transportation)
RSA CONSULTANTS Inc. Cityscape, South Africa

Signed SUM Body.

Date Day, Month, Year
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APPENDIXROAD SAFETY AUDIT BRIEF AND LIST OF REVIEWED DRAWINGS
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APPENDIX'B RISK ASSESSMENT MATRICES

The risks associated with this road safety audit were assessed in accordance with SARSAM2022
utilising the following risk assessment procedure:

Step 1. Estimate the Degree of Safety Concern
DEGREE DEFINITION
Negligible Concern is potentially dangerous or located in a potentially dangerous location but is only likely to cause prop

damage only or trivial or superficial injury remediable fiyst aid responders.

Minor Concern is potentially dangerous or located in a potentially dangerous location and likely leading to minor inju
which may require emergency room attendance but not hospitalization (Typical injury level MAIS 2)

Moderate The safety concern would cause temporary and remediable injuries requiring hospitalization. Injuries may not
life threatening and would be reversible. (Typical injury level MAIS 3)

Significant The safety concern would lead to injury or consequencésat would require hospitalization in excess of 24h and
would affect the functioning of the injured roadiser for a period of some six months or lead to permanent
disability (Typical injury level MAIS 4)

Severe The safety concern would lead to injury @onsequences that is or could be fatal, severe loss of limbs or other
disabilities. (Typical injury level >= MAIS 5)
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Step 2: Estimate the Extent of the Safety Concern
EXTENT DEFINITION
Rare The safety concern has been identified as limited Bize or occurrence and located where conflict with roatsers

would be unlikely.

Isolated The safety concern is reflected in locations where conflict is likely but found as an exceptional occurreneg,
isolated application of a potentially dangerous design situation.

Occasional The safety concern occurs more than merely in isolation but gnatill be considered as limited in extent, as
shown on the design.

Scattered The safety concern may be identified generally over limited areas of the area being audited or intermittently oy
the greatest part of the area being audited.

Extensive The safety concern occurs extensively over the area being audited,, the safety concern may be included in
typical construction standards used in the project.

Step 3: Determine the Intrinsic Risk represented by the Safety Concern

Assessment-Matricfor | Degree of Safety Concernit
Intrinsic- Risk provided by |
the Safety-Concemit
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Step 4. Estimate the Roaéuser Vulnerability

90 - . Car/ v Car/
Pedestrian & Cyclist

Side Impact

Risk of Fatality %

S :

‘ B L 0 | ] L T

0 10 m@w@mlwwmuommm
Collision Speed kph ‘

- ' ’ J

Step 5: Determine the Level of Rad User Risk

Intrinsic Risk of the Safety Concerniit

Assessment Matrex-for-<g
Road User Riskx
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APPENDIX CMARKED UP DRAWING WITH INDICATIVE LOCATION OF SAFETY CONCERNS

[Marked up drawing with cross referenced safety concern number to be inserted as Appendix]
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APPENDIXD DECISION TRACKING FORM

[Fully signed off DTF to bmcluded in Final RSA Report]

End of RSA Report
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APPENDIX VB3: MODEL: DECISION TRACKING REPORT

[Fully signed off DTR should be included in Final RSA Report]
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RSA Feedback and Decision Tracking Record

Project: Revisions to Access Interchange Document Number: DN 2021-12345
Project Number: Road Safety Audit Stage: Stage 1
Contract Number:
Client or Project Manager: PMC Consultants Designer: DTC Consultants
|Road Safety Auditors: AD (RSAT-L) XyZ

Road Safety Audit Designer Response RSA Team Reply

- - Response
Identified Risk Risk Recommendation . Reply wri
of a casualty Rating | (to mitigate risk of a casualty) | t;my] Comment Designer Comment -
The speed limit on the expressway is | Significant |Early speed reduction shoulkd be  |Agree Auxiliary deceleration lane would be added with |Accepted Use thermoplastic marking material
120kmih leading into egress ramps A |lsolated  |actively encouraged. Not agree tactile transverse markings (rumble strips)
and C which are posted for 80km/h.  |ROF<50% Diagrammatic signs with reduced speed limit will
Sudden transitioning creates large VERY be added to auxiiary lane
differential speed with risk of rear-end |HIGH
whiplash accidents.
The steel guard rail on outside of Moderate | The concrete barrier should be Not agree The MSE wall and abutment are behind the Mot Refer to AASHTO LRFD Bridge Mot Assess implications of RSA Team
Ramp A transitions into a short Isolated  |extended and a height and shape  |Not agree safety barrier. Hence this concern does not accepted  |design specifications for impact |accepted |recommendations.
concrete safety barrier at the ROF<25% |transition provided to reduce the exist. kaading and AASHTO Roadside
abutment of the MSE wall. Animpact |MEDIUM  |risk of intrusion. Design Guide for protection Caried
on concrete barrier near the MSE wall conditions and width of the Zone -
by a closed delivery vehicle, would of Intrusion. stage
encroach in the Zone of Intrusion and
impact the abutment.
Roundabout 1 isclsetothe endof  [Moderate | The median barrier along the bridge | Not agree The median barrier is already proposedto be  |Mot Design condition should be for Mot Designer shall confirm that forward
the bridge. Vertical profile of the bridge|lsolated | centre line should be curved to Not agree extended to the R/A splitter island. Moreover, the|accepted  [decision sight distance criteria, |accepted |visibility to the road surface is not
reduces visibilty to splitter islandat the |ROF<25% |follow the median edge line south of Design speed of the bridge is 70 kph. The crest rather than stopping sight interrupted at any time upon
roundabout starts for more than 80m  |MEDIUM  |the overbridge to provide curve provided has a K value of 30 which distance approaching Roundabout 1
away. The risk exists that a driver continuous directional guidance for provides a stopping sight distance of 140m
approaching the crest will not realize the driver and should be terminated design manual. This is more than required for
that the road curves away from closer to the Yield line at design speed of 80 Kph.
straight ahead, Risk of crashing into Roundabout 1.
the nase of the splitter.
[Date] E A Torw Ernder [Date] Sbrigmer [Date]
[Date] Name [Date] Name [Date]
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APPENDIX \B4:
EXAMPLE: APPLICATION OF RISK ASSESSMENT PROCEDURE

IDENTIFIED ROAD SAFETY CONCER

Deep \Wrain adjacent to narrow
shoulder on inside of a curve on a
surfaced district road in rural
environment with limited

development.

ASSESSMENT:

CONSIDERATION | COMMENTS
Posted speed limit | 80km/h
Clear zone 34m

Traffic volume Low

Typical traffic pattern

Familiar drivers; low seasonal inflow towards holiday
village;
subsistence farming;

Accident type

Runoff+road accident due to lack of edge line
guidance; Indirect heaebn impact/ skew angled; low
risk of overturning

Environmental
conditions

Nighttime or poor visibility

Primary hazard

Steep and nonrecoveaable backslope; located within
clear zone

In reverse direction the hazard is located outside the
clear zone.

Possible driver
mistakes

Overspeeding; Not wearing safety belts; possible
passengers on open LDV (used at lower speeds)

Step 1:

Expected severity of injuries:

DEGREE DEFINITION ‘

Negligible

Concern is potentially dangerous or located in a potentially dangerous location k

is only likely to cause property damage only or trivial or superficial injury
remediable by first aidresponders.

Minor

Concern is potentially dangerous or located in a potentially dangerous location

and likely leading to minor injury which may require emergency room attendanct
but not hospitalization (Typical injury level MAIS 2)

Moderate

The safety concern would cause temporary and remediable injuries requiring

hospitalization. Injuries may not be life threatening and would be reversible.
(Typical injury level MAIS 3)

Significant

The safety concern would lead to injury @onsequences that would require

hospitalization in excess of 24h and would affect the functioning of the injured
road-user for a period of some six months or lead to permanent disability (Typice
injury level MAIS 4)

Severe

The safety concern would leadbtinjury or consequences that is or could be fatal

severe lossof limbs or other disabilities. (Typical injury level >= MAIS 5)
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Step 2: Extent of safety concern:

EXTENT

Rare

Isolated

Occasional
Scattered

Extensive

Step 3:

DEFINITION

The safety concern has been identified as limited in size occurrence and located
where conflict with roagusers would be unlikely.

The safety concern is reflected in locations where conflict is likely but found as an
exceptional occurrencej.e., isolated application of a potentially dangerous design
situation.

The safety concern occurs more than merely isolation but may still be considered as
limited in extent, as shown on the design.

The safety concern may be identified generally over limited areas of the area being
audited or intermittently over the greatest part of the area being audited.

The safety concern occurs extensively over the area being audited,, the safety
concern may be included in typical construction standards used in the project.

Intrinsic Risk of Safety Concern:

Assessment Matrix for Degree of Safety Concern

Intrinsic Risk provided

Extent of
Safety Concern

Step 4:

Determine roaduser vulnerability

ar Sar
Pedestnan & Cychst Side Impact
BB BN ELEERNE R " I

Collision Speed  kph

Roaduser risk ranges between 25% (driving at speed limit) and 80%
(Driving at upper range of speed law enforcement buffer)

137



South African Road Safety Assessment Methods
Volume 3 - RSA Part B: Conducting Road Safety Audits

Step 5: Determine RoadUser Risk

Intrinsic Risk of the Safety Concern

Assessment Matrix for
Road User Risk

Safe System Roadliser
Vulnerability

Roaduser risk ranges between High risk and Very high risk. The onus lies with
the road safety audit team to determine if other elements exist to adjust the
Road User Risk determination upwards or downwards, taking into account the
broader perception of tle safety of the road as determined during the site

inspection.

In this particular case, the major use of the road would be by drivers familiar with
the conditions on the road. This road safety concern is located on a section of
roadway which is not condcive to overspeeding. The safety concern is located
in an area without any attraction for pedestrians.

After due consideration the adjusted Road User Risk was set at

HIGH RISK
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APPENDIX VB5 MODEL RSA REPORT LAYOUT.

Cover Page

Executive Summary[To be prepared in case of large or complex RSA]

Table of Contents

1 Introduction

1.1 Road Safety Audit

1.2  Commissioning Authority

1.3 Terms of Reference

1.4 Road Safety Audit Team

2 Background

2.1  Site description and scope ofhe audit

2.2 Items resulting from previous road safety audits

3 Road Safety Concerns from this road safety audit

4 Road safety audit team statement

APPENDICES

A Marked-up drawing with indicative location of safety concerns
B List of reviewed drawing

C Copy of Road Safety Audit Brief

D Risk Assessment matrices

E RSA Decision Tracking Forfiio be included upon finalization]
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APPENDIX VB6: MODEL PROMPT LIST

INTRODUCTION

This appendix contains two model prompt liststo be used as anAide Memoirefor the
road safety audit team during the audit site visit as well as the review of design drawings
to confirm that the project has been reviewed extensively.

Experience has shown that checklists:

1 Are poorly used in practice

1 Are not comprehensive for all conditions given the variability of projects

1 Are used as a substitute for challenging design conditions and applying
experience.

1 Lead to the degeneration of road safety audits into questieand-answer tick
lists.

HIGH LEVELFFOMPTS ROAD SAFETY ISSUES
Road function and context:

T

= =4 -4 -4 A -9

= =4 -4 -4

T

Type of project and suitability for function of the road (residential/local road,
collector, distributor etc.)

Type of project and suitability for traffic flow and mix

Character and scale oproject in relation to adjacent route/network
Impact on traffic flows, speeds and surrounding road network

Linkages with other roads

Consistency with nearby roads

Location of project Could safety be improved throughre-ocation/re-
alignment?)

Controls for adjacent roadside or ribbon development

Control of turning movements

Future development of road and adjacent towns/villages etc.

Existing traffic generators

Construction stages/order

Provision of facilities for ALLoad users:

1

Mix of road users and expected vehicle types and variation in these:
- Buses, minibuses and other public transport

- Trucks and service vehicles

- Road maintenance vehicles

- Agricultural equipment/vehicles

- Emergency services

- Cars and motorbikes

- Pededrians and cyclists

15

African Development Bank, Road Safety Manuals for Africa: New Roads and Schemes
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- Carts and animal drawn vehicles
Facilities for each road user group
Facilities for schools
Rest stops/laybys
1 Public transport facilities (and suitability for pedestrians)
Forgiving environment and passive safefrastructure:

= =4 =4

1 Continuity of pedestrian facilities
1 Survivability of:
- Headon crashes
- Runoff road crashes
- Crashes at intersections (including visibility/sight distances)
- Crashes Il nvol ving Vulnerable Road
motorcyclists cydkts, public transport users and roagide vendors.
Management of vehicle speeds:

1 Speed limits appropriate for road function
1 Speed limits credible and likely to be obeyed (Impression of the road/
general levels of compliance)
1 Speed limits safe/segregation of roadusers subject to differential speed
1 Temporary speed limits during construction
Consistency, road readability and driver expectancy

1 Surprising elements of the road
Consistency of design

Advance warning of hazards

Readability of road
Information/guidance/signing

Control of movements through intersections

= =4 -4 A A

HIGH LEVEL PROMPIBHYSICAL ROAD ELEMENTS TO CONSIDER DURING THE SITE
INSPECTION

The following list includes physical road elements that should be examined
whilst reviewing projectdrawings and during the site inspection. Not all items
will be relevant at all stages. The list is deliberately high level so that it does not
limit consideration by the RSA Team.

Adjacent to the road:

1 Terrain

Development density/type

Generators of road gers/desire lines etc.
Rest areas and laybys

Interfacing roads/similar nearby roads
Distracting advertisements

=4 =4 -4 A -
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Clear zone/ obstacles (trees, signs, lighting columns, culverts etc.)
Vegetation/trees likely to obscure signage or become astacle when they
grow

Vehicle restraint systems/ Guard rail (adequacy, necessity, safe
installation/gating or nongating terminals, safe for different road user
groups)

Shoulders/recovery area, cutting slopes

Parking provision (includinggeneration of slow moving vehicles and
presence of pedestrians) and loading facilities

Drainage

Buried services

Signing: Clear and understandable for all road users; visible in the day and
at night; visible under different weather conditions (e.g. heavyimafog, sand
storm); no shadows; unobstructed (include consideration of vegetation
growth and maintenance); height and size of signs

Fencing for animals and pedestrians

Type of median treatment/ refuge areas

Barrier type if applicable (adequacy, etessity, safe installation/terminals,
safe for different road user groups)

Width of median and obstacles (trees, signs, lighting columns, culverts etc.)
Signing: Clear and understandable for all road users; visible in the day and
at night; visible under dferent weather conditions (e.g. heavy rain, fog, sand
storm); no shadows; unobstructed (include consideration of vegetation
growth and maintenance); height and size of signs

Vegetation/trees likely to obscure signage or become an obstacle when they
grow

Lane widths and number of lanes

Provision for/restriction of overtaking

Road surface: smooth and free of debris/mud/gravel; durability and
maintenance; cross fall/ superelevation; antiskid high friction surfacing
where required

Gradient

Horizongal alignment: Consistency of curves, warning signs/treatments, anti
skid high friction surfacing, camber, clear zones/guard rail

Vertical alignment: Hidden dips/humps and visibility

Forward visibility: Sight and stopping distances

Markings: Clear anduinderstandable for all road users; visible in the day and
at night; visible under different weather conditions (e.g. heavy rain, fog, sand
storm)

Lighting

Transitions

Overhead services (clearances)

142



South African Road Safety Assessment Methods
Volume 3 - RSA Part B: Conducting Road Safety Audits

Intersections and accesses:

T

Intersections:

- Type of intersetion - appropriateness for road type/speed

- Spacing and frequency

- Sightlines

- Readability/clarity for road users

- Signing and markings

- Antiskid high friction surfacing

- Provision for VRUs

- Lighting

Accesses, laybys and rest areas:

- Appropriateness for road type/speed

- Spacing and frequency

- Sightlines and intervisibility

- Provision for VRUs

Roundabouts:

- Alignment and deflection on approaches

- - Visibility of roundabout and traffic islands

- -Obstacle free zone in central island @eethrough across the central
island

- VRU provision

Signalised intersections:

- Visibility of intersection

- Visibility of signal lanterns (day/night and sunrise/sunset)

- Sightlines

- Stopping distances from back of queue

- VRU provision

- Phasing sequences

- Turningphases

- Location of signal posts/control boxes (obstacles)

Facilities for VRUSs:

=4 =4 =4 -4

1

Clear, continuous and unobstructed footpaths and crossing points
Desire lines and VRU generators near to the road

Prevention of access to unsuitable roads

Crossing waitimes, crossing times and lengths

Reduced vehicle speeds

Accessible for those with mobility impairment or prams/pushchairs
Visibility

Other considerations:

1

1
il

Weather (adverse weather conditions that may have an impact on safety
e.g. heavy rain, sand, fogtc.)

Special events/seasonal attractions

Provision for

- Maintenance and maintenance vehicles

- Large/heavy vehicles (e.g. swept paths, turning circles, lane widths)

143



South African Road Safety Assessment Methods
Volume 3 - RSA Part B: Conducting Road Safety Audits

- Enforcement/emergency services
- Agricultural/stock movements

Temporary traffic management:

=4 =4 =4 -4 -8 48 -4 _95_98_49_-4_-°2 -2

Clear and unambiguous path for vehicles in daytime and at night
Clear and accurate advance signing visible (sign sizes) in daytime and at
night

Merges signed and good length

Clear tapers and temporary markings

Clear and safe path for VRUs

Work areaclearly defined, safety buffers in place
Removal/covering of permanent signs/markings

Lane widths

Barriers separating work area and traffic

Road surface clear of mud/grave/debris etc

Temporary speed limit and enforcement

Controlled site entrances/exits

Flagmen located safely if used

Order of phases of construction safe

Temporary traffic signals signed and stopping distances
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APPENDIXVB7: EXAMPLES OF DESIGN SAFETY CONCERNS

Design for Safety

Proper road design is essential to prevent human errors traffic. Reducing
human error will result in less accidents. The human factors concept in relation
to road safety considers road and infrastructure that influences correct
behaviour by all road users, including the possible operational errors that a
drivermay make. To prevent human errors, three basic safety principles should
be applied systematically in the design of roads and traffic projects:

1 Prevent unintended use of roads and streets,
1 Prevent large discrepancies in speed, direction and mass at
moderate and high speeds,
1 Prevent uncertainty amongst road users.
Current best practice is based on the Safe System approachhe Safe System
approach works on the principle that it is not accegble for road users to be
killed or seriously injured if they make a mistake.

The Safe System approach aims to create a forgiving road systeaking
cognisance offour principles:

PEOPLE MAKE MISTAKES

We need to recognise that people make mistakes, armbme accidents
are inevitable.

PEOPLE ARE VULNERABLE

Our bodies have a limited ability to withstand forces during an accident
without being seriously injured or killed.

WE NEED TO SHARE RESPONSIBILITY

System designers and people who use the roads must all share
responsibility for creating a road system where accident forces do not
result in death or serious injury.

WE NEED TO STRENGTHEN ALL PARTS OF THE SYSTEM

We need to improve the safety of all partef the system— roads and
roadsides, speeds, vehicles, and road use so that if one part fails, other
parts will still protect the people involved.

A safe road environment should:

A Warnroad users of any unexpected features or those requiring special
attention,

A Informroad users of changes in the approaching road environment and
what is likely to beexpected,

A Guidethe road user through unusuasections,

Controlr oad wusers passage thrlioks,gh confl i

C >

A Forgivethe driver forinappropriatebehaviour.
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An error in perception or judgement or a faulty action on the part of the driver
can easily lead to an accident. Roads should be designed in such a manner
that only one decision at a time is required from a driver, ensuring that
he/she is never surprised ly an unexpected situation, and that adequate
time is provided to make the decision.

Standardization in road design features and traffic control devices plays an
important role in reducing the number of required decisions, as the driver
becomes aware of wht to expect on a certain type of road.

Principles of safe design

Fundamental to the Safe System approach is designing a road network that
reduces the amount of kinetic energy to levels which the body can tolerate
during an impact to eliminate fatal and sgous injury accidents (FSI accidents)
based on the following concepts:

1 Functionality roads should be physically and visually different to
demonstrate their differing functions.

1 Homogeneitythere should be limited interaction between road users
travelling at different speeds, in different directions and between
vehicles and road users of different mass or type.

1 Predictabilty: r oads showlxdpl @e ni agl f and t he
road rules should be clear to road users without causing surges.

1 Forgivingness: roads and roadsides should be forgiving in the
event of an accident and accommodate driver error.

i Status awareness road users should be able to measure their own
capability of performing the driving task.

Drivers and other road uses must perceive and process information, make
decisions and react, all within specific time frames. Comfortable and safe driving
and riding occurs when road users are operating well below a stressful
processing and decisioamaking rate, and above the mimhum level of arousal.
The driver should not be ovestimulated or lulled into boredom. These aspects
are critical components in the development and maintenance of a safe road
environment.

Similar situations should be treated in similar fashion.
Situationsto be avoided are:

1 Inadequate treatment (not treating a situation to an appropriate level)

1 Inappropriate treatment (using the wrong treatment for the situation)

T Excessive treat ment (using OoOmore tr¢
masking othersimilar situations that have already been treated to the
appropriate level).

The illustrative examples that are shown hereafter are intended to sensitise
the road safety practitioner on issues that are commonly found during road
safety audits. It isessential that the designer as well as the Resident Engineer
and the Maintenance Supervisor pay particular attention to detail to identify
similar issues and prevent the duplication of unsafe practices. Reducing
these conditions will contribute to the impyvement of the safety performance
of the road environment.
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lllustrative Examples of Design Safety Concerns

lllustrative examples related to the Function of the road

Linear and Informal Settlements

The diverse socieeconomic conditions in South Africa havled to extensive
development of linear settlements along intearban roads and in rural villages.
The sprawl of development along main roads that become the spine of such a
development creates issues related to the movement and frontage functions.
Develgpment intensifies and the traffic on the roads and speeds increase, and
the vehicle mix becomes more complex with the growth of through traffic.

Linear settlements create a mixture of through traffic with local slow traffic and
non-motorized roadusers. Daily operation of such roads and especially when
road upgrading is done, increases conflict between pedestrians and vehicles as
a result of an increase in differential speed and the increased risk of injuries or
fatalities, espedally if no provision is made to distinguish the pedestrian realm
from the vehicle realm.
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This results in problems such as:

T

= =4 =48 4 4 9

= =4 A A

Risk of fatal or serious injury accidents increases significantly,

It becomes harder for pedestrians to cross the road safely,

Pedestrian safety is affected,

It becomes more hazardous for cyclists,

Driver vision is confined,

Stopping distance is increased with higher speeds,

Pedestrian attraction to frontage activity increases risk of conflict with
moving vehicles,

Pedestrian activty is dispersed along the length of the development,
Pedestrians who want to cross the road are delayed,

Parking and searching for parking affect traffic flow and safe movement,
Delivery and pickup from kerbs create conflict with pedestrian and
vehicle movements.

Road function and Road categories

Growth in traffic volumes is often an indication of the economic growth of any
community. This leads to the widening of main roads to accommodate the
increased volumes. Such widening and the correspomngijincrease in complexity
of the traffic has led to preferential treatment for vehicles over pedestrians.
Facilities for pedestrians would often be considered as less important compared
to the mobility needs of vehicles.

This trend affects the vulnerable roagisers and business more extensively and
increases the risk of accidents involving nemotorized traffic.
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The continuation of intercity rural roads directly into smaller towns often leads
to a situation where the uban road has an arterial function, but the frontage
development in town does not support a homogeneous traffic use, leading to
vehicles or road users with widely differing needs being forced together
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A common lowcost solution to address the concerof everincreasing traffic volumes
with restrictions in roadway traffic capacity, leads to the establishment of onay
roadway pairs to accommodate the increased levels of traffic, whilst reducing the risk
of head-on or opposing flow traffic safety conaas. Although this may offer a capacity
solution, it may increase the risk of other types of accidents, for examplanidblock
pedestrian crossings where pedestrians need to cross a much wider roadway under
conditions where vehicles are driving faster

Traffic calming

On many roads being road safety reviewed (both new road designs and existing roads)
the speed and volume of traffic increased significantly compared with the conditions
which existed at the time when the road was initially conceived or congtted The time
interval between the initial decision to investigate the possible upgrading of a road and
the commissioning thereof normally depends on the priority of that road measured
against the needs of the community in general and other road projedtspatrticular. It

is therefore possible that the implementation period would be quite long, resulting in
the safety of roadusers being threatened.

Under these conditions road authorities
result in the consideation of traffic calming measures to protect vulnerable road users.

Care should be taken that the introduction of traffic calming measures is combined with
appropriate advance warning and do not introduce other sigfects with the possible
increase in he exposure to risk, such as violation of driver expectancy, implementing
inappropriate measures or introducing hazardous fixed objects within the clear zone.
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Access Management

Access management is the systematic control of access to mobility roadsnttludes,
but is not restricted to, the location, spacing, design and operation of driveways,
intersections, interchanges and medians.

Access requirements are specified in different policy guidelines to enable safe access
to different types of development and could include guidance aimed at segregating
different types of traffic. Approval for a specific access normally includes conditions
stating that the right to require specific improvement of the access (should conditions
change in future) rests with the property owner.

16 COTO, TRH26 South African Road Classification and Access
Management Manual, CD, 2019
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Emergency facilities: Truck Escape Ramps

In certain areas emergency facilities are being installed along roads ialin would be
prone to high severity accidents should an incident occur. Emergency truck escape
ramps are an example of such facilities.

Road safety inspections on these facilities often indicate the lack of proper
maintenance thereof, or (as shown in thiphoto) also the misuse of the entry into the
facility as a temporary storage for collected roadside trash.

lllustrative Examples related to Alignment

Principal design policies for roadway alignment

As a general point of departure, it would be possibte include road safety features in

a road design at a much lower cost when done initially than to retrofit road safety
measures once problems have been identified. Principal design policies for safer roads
design include various aspects:

1 Guiding the drive along the safest route without surprises,

1 Proper guidance requires adequate forward visibility to observe the alignment,
provide orientation and improve its predictability,

1 Forward visibility determines stopping sight distance, decision sight distance
and overtaking sight distance; all aspects related to design and operational
speeds and influencing the safe system and the speed related forces to be
mitigated in case of any accident.

1 The faster we drive, the farther we look ahead and the less attention giwe to
potential safety concerns in lateral view. This principle also holds true in the
opposite, namely the farther we can see ahead, the faster we tend to drive. It is
therefore important that we provide visual clues or points of fixation in
accordancewith the relevant design speed to counter the perceived increase in
speeds.
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Prolonged straights affect driver expectation and attention

1 Horizontal curves should be designed so that they can be negotiated
safely by approachingsehicles. It is important that a consistency of design be
achieved. It is particularly important that a flowing design be achieved to reduce
potential surprises to the driver.

1 Good design should not encourage excessive speeds but should provide
frequent owertaking opportunities.
1 Care should be taken to balance the design in meeting stopping sight

distances as well as passing sight distances, to avoid roaders taking undue
risk to overtake vehicles, based on a false perception because stopping sight
distances are easily met.
It is important to review the horizontal and vertical alignments in combination. The
problem of a hidden horizontal curve following a vertical curve is well known yet is
often observed resulting in a surprise to the approaching driver

Hidden horizontal curves
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A lesser known, yet equally problematic situation occurs when a sag vertical curve is
combined with a horizontal curve. The apparent radius that the driver perceives of the
resultant curve would be larger thathe actual curve, leading to the entry into the curve
at a larger speed than recommended for the actual radius.

Various other possible inconsistencies may be identified on road sections that have a
negative influence on the safety of the alignment.

Conflicting Movement Extended curvilinear alignment
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lllustrative Examples related to Cross sections

Principal design policies for cross sections
The type of cross section depends on numerous aspects, including:

Urban or rural location,

Functions d the road

New road or upgrading of the road

Traffic volumes and the mixture of vehicles

Provision for public transport and other service vehicles

The need to segregate children, older people and in general, allow for
non-motorized traffic based on the dferential speed between different
road-users.

= =4 =4 -4 A -9

Certain types of cross section have been identified as having greater risk for accidents,
especially in areas where aggressive driving is prevalent. These cross sections include
fourdane wide roadsections without a median or twdane roads with wide lanes and
shoulders being used as 4ane wide facilities ignoring lane designation (especially
under poor maintenance conditions).
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Lanes converging

Changing cross sections requires that one lane is dropped or converged into an
adjacent lane. In the case of rolling terrain where climbing lanes exists, this lane drop
normally occurs on the downgrade beyond the crest curve allowing the overtaken heavy
or slower vehicle the opportunity to accelerate and reduce the differential speed with
adjacent traffic before merging. The typical merge under these conditions provides for
the slow lane to be merged into the adjacent faster lane; following the principlattan
auxiliary lane wasadded, and that the auxiliary lane is terminated. Termination of the
slow lane allows the merging vehicle to escape on to the downstream shoulder, should
it not be possible to accept a gap to merge safely.

Slow lane dropping, hoever, is not always the case and conditions exist where the fast
lane traffic is expected to merge into the slow lane. This is often the case when the
cross section is continually reversing to establish a 2+1 cross section in opposing
directions. Under thae conditions it is critical to provide a buffer zone as a possible

run-out section should the merge be hampered.

A third option occurs mainly in urban areas where three lanes converge into two lanes
on a simultaneous basis, as indicated below. (Internatially designated as a zipper
merge.) This style of merge is not recommended in higher speed environments due to
the violation of driver expectancy and the prevalence of aggressive driving in South
Africa.
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Uncontrolled median crossing or ¥urn

Medians reduce accidents by eliminating conflict between opposing traffic. However,
unless median crossings are provided to allow vehicles to turn across oncoming traffic,
they require drivers to travel further to a major junction where they can make an unsafe
Uturn or they encourage drivers to travel short distances against the oncoming traffic.
Median gaps are therefore useful, but if poorly designed, they can expose turning
vehicles to danger from higkspeed vehicles. Poor design includes lack of deceleration
lane, lack of protection when waiting to turn and unprotected entry into higheed
traffic.

On dual carriageway roads it became practice to provide for median gaps at regular
intervals to allow for emergency vehicles to be able toturn and render speeder
support. Care should also be taken that the location of such median gaps is in areas
where level differences between carriageways support the movement between the
carriageways. Unfortunately, the introduction of median vegetation to reduce oncoming
glare at night created conditions where vehicles legitimately using the median gap are
exposed to highspeed traffic upon entering the receiving carriageway.

In urban environments where commercial facilities are located close to intersections it

has been obseved that median openings are provided to allow potential customers to

cross the medians and enter the commercial facilities on the opposite side of median.
These median openings also provide for customers to return from the commercial
facilities and crossthe road in the preferred direction. These median gaps also allow
road-users to make Wurns at speeds significantly lower than the ruling speed on the

main road. This leads to large speed differentials and increased risk of serious injury,
suggesting thatmedian gaps should be closed, or protected slots be created for traffic

waiting to turn.
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lllustrative Examples related to Intersections

Principal design policies for intersections

Intersections are a key component of the road network, often regulatitige volume of
traffic that can be handled on the network. The need to improve an existing intersection
is usually prompted by problems such as inadequate capacity, a pattern of road traffic
accidents, too many vehicle conflict points, or poor visibility @ertain approaches,

To avoid these problems in the design of the intersection, it is necessary to consider
numerous factors during the planning stage:

1 Volume, type and pattern of traffic using the intersection and its anticipated
traffic distribution and rate of growth,

1 Topographical and environmental aspects such as the alignment, grades and
future development of the approach roads, positions of adjacent property
improvement, accesses, public utilities, bus stops, etc

1 The need for, and tge of traffic control devices, their location and installation.

1 The need and requirements for street lighting

1 The approach roads and or traffic movements as well as requirements for
pedestrians, cyclists and vulnerable road users.

The solution taintersection problems requires the combination of these factors, against

the background that safety would be the most important factor, and not to be distracted
from by other considerations.

Because of the complex traffic manoeuvres at an intersection, tipeinciples of the Safe
System approach also find its clearest application here.

Both incrossing andmerging manoeuvres it is necessary for a vehicle in one stream to
find appropriate gaps in the other. Accidents occur if the length or location of the gap
misjudged. Congestion occurs if not enough gaps of sufficient size are available in the
receiving or crossing stream of traffic.

Visibility towards oncoming traffic atJunctions: Horizontal and vertical alignment
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Skew junctions

T

Common reason formisjudging gaps is the acuteness of the crossing angle,
possible multiple maneuvers, lack of spatial guidance and high approach
speeds.

Situation may be improved in making conflicting streams of traffic at more
obtuse angles, replacing complex maneuversitiv successive simple ones (e.g.
replacing skew crossing with successive righhgled Hunctions — Right/Left
preferable), or inserting channelizing island to redirect movements.

Continuation through the junction

1

In multi-lane intersections where opposig approaches are not cealigned, traffic
needs to execute a curved movement through the intersection. This movement
often leads to sideswipe accidents unless guidelines are painted to assist in the
selection of the line to follow through the intersection.

Observations at large intersections with a channelized central island or kerbed
nose to a median identify that the line of the kerbed island coincides with the
line of the kerbs on the approaches to the intersection, instead of being set back
or tapered from the continuation between the kerbs. This results in glancing
impact on to the central kerbed island and the driver taking uncontrolled evasive
movement leading to sideswipe incidents
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Insufficient deflection through a roundabout

1 Modern roundabout design requires that entering traffic be deflected into the
circulatory movement required by the roundabout, reducing approach speed
and complying with the Yield condition upon entry. Traditional layout of a traffic
circle does not inclu@ the deflection and often results in approaching traffic
impacting the raised portion of the roundabout, increasing the risk of los$
control.

1 Observations of accidents at such traffic circles/ roundabouts lead to incorrect
traffic signs and poor roa@ marking practice, both aspects that would improve
the safety performance of traffic at the roundabout.

Hidden access on crest Hidden access on inside curve
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lllustrative Examples related to Roadside design safety concerns

The design of safe roadsides is a key element in providing safer roads. An errant vehicle
leaving the road is likely to come to a stop within a certain distaneethe clear zone
distance. Hazardous objects within the clear zone increase the risk of seveigiry or
fatalities.

The objective of safe roadside design is to reduce the risk of raff-road crashes and
removing or treating hazardous objects within the clear zone. The primary function of a
median on a divided road is to separate opposing traffftow reducing the risk of head

on accidents. Medians also serve as an area to install services applicable on both
carriageways.

If the median width is too narrow to contain the clear zone, or if it contains hazardous
elements such as trees and lightinggsts without adequate protection (vehicle restraint
systems) then the benefit of the divider between opposing traffic flows is lost and the
risk of crossing the median or impacting a fixed object remains. This becomes an even
greater concern when it is resgnised that the median divides the higher speed
opposing flow directions.

Narrow median and unprotected median hazards
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Unprotected roadside hazards

Nontrecoverable side drains in close proximity
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Rigid objects within roadside cleazone

1 Violating Zone of Intrusion
2, 3 & 4 No energy absorbing crash cushion or transition
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Inadequate vehicle restraints

1 & 3 Inadequate anchoring

2 Improper overlap
4 Improper shielding of rigid objects in both
directions
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lllustrative Examples related to Traffic Control Devices

Traffic signs, markings and signals are the primary means which the designer has
available to directly communicate with roadsers. If all geometric standards @& met,
then warning signs would still be required to advise road users of potential locations
where for example, pedestrians would be crossing a road. Furthermore, signs are also
required to advise roadusers of specific regulatory conditions on a sectiaof the road.

A precondition for good signing is the need for consistency and uniformity, allowing
roadusers to understand the signs without additional explanation, allowing speedy
response to the signs. Signs also provide roaders with directional and other
information that requires the roaduser to read, interpret and respond to the
information in an unhurried and safe manner.

Unfortunately, signs and markings are often missing, worn or illegible, rendering the
required messages ineffective or nogxigent. Safety inspections often report signs to
be obscured by vegetation, other vehiclesor other street furniture. A tendency also
exists to oversign situations, merely to ensure that any possibility of roacser
impropriety can be easily countered. Thastracting factor of too many signs may easily
lead to overloading of information causing confusion or leading to roaders only
responding selectively to signs and markings.

Traffic Signals

Traffic signals are widely used in urban areas #@locate intersection space to different
streams of traffic on a timeallocation basis. In the South African context, driver
discipline at traffic signals is often poor and may result in accidents of increasingly high
level of severity. Increased levels @ allred phase may cause even greater degree of
ill-discipline than to improve the accident profile at an intersection.

Traffic signals need regular maintenance and continuous power supply. Both signals
and detection equipment are prone to malfunctionrad requires regular maintenance
to ensure proper functioning by day and by night.
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Visibility and perception of signs and lines: daytime and nighttime

Driver expectation

1 Particular attention should be given to ensure that signs and markings
do not contribute to potential confusion when viewed in an environment where
conditions seem to be contrandicative of the message on the signs.

166



South African Road Safety Assessment Methods
Volume 3 - RSA Part B: Conducting Road Safety Audits

lllustrative Examples: Public and Private Services

Public transport
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lllustrative Examples related to Vulnerable roassers

Principal design policies for pedestrians and cyclists

Different types of traffic need different facilities. Theurvivable speed concept of the
Safe System Approach emphasizes the benefits of segregating vulnerable roadrs
from motorised traffic. Aspects to be considered include:
1 A safer situation can be developed for all roadkers if a simplified traffic
situation can be developed with slower moving traffic be segregated fronain-
stream traffic.

1 Cyclists and pedestrians can share facilities, provided facilities are
designed to accommodate these technically,
1 Opportunities for segregation are limited in rural areas but should be

considered nevertheless.
Close proximity to vulnerable road users

Provision for pedestrians and cyclists at work zones
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Continuity of walkway and sloped ramps

Extraordinary pedestrian situations

Various situations occur in the South African context that introduce extraordinary
pedestrian conflict situations on roads. These include recyclers with pushcagtsroute
recycling plants as well as pension payut days in rural locations. Under both coritibns
pedestrians are found on the road in close proximity of vehicular traffic

169



South African Road Safety Assessment Methods
Volume 3 - RSA Part B: Conducting Road Safety Audits

Livestock / Lack of Fences

Road Safety observations in rural or peurban areas often identify the lack of fences
as a safety concern.

This is a particularly disconcertig condition in areas where cattle are held and where
cattle-herding may not be properly dond.ack of fences is of particular concern where
the potential exists that cattle may end up on the road during nighttime situations.
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APPENDIX VB9: ABBREVIATED INJURY SCALE (AIS)

The Abbreviated Injury Scale (AIS©) is an anatomically based, consensus derived, global
severity scoring system that classifies each injury by body region according to its relative
importance on a 6point ordinal scale (1=minor and 6=maximal).

The AIS pruides standardized terminology to describe injuries and ranks injuries by
severity. Current AIS users include health organizations for clinical trauma
management, outcome evaluation and for case mix adjustment purposes; motor
vehicle crash investigators tadentify mechanism of injury and improve vehicle design;
and researchers for epidemiological studies and systems development, all of which may
influence public policy (laws and regulations).

Abbreviated Injury Score (AIS)

AlS-Code » Injury s Example ¢ AIS % prob. of death ¢
1 | Minor superficial laceration 0

2 Moderate fractured sternum 1-2

3 | Serious open fracture of humerus 8§-10

4 | Severe | perforated trachea 5-50

S | Critical | ruptured liver with tissue loss  5-50

6 | Maximum total severance of aorta 100

9 | Not further specified (NFS) |

AIS© is the basis foithe Injury Severity Score (ISS) calculation of the muléphjured
patient. The ISS is calculated by assigning an Abbreviated Injury Scale (AlIS) value of 1
6 to 9 different body areas.

Injury Severity Score (ISS)
I | s e -

Head
1 Minor
Face
Neck 2 Moderate
Thorax 3 Serious
Abdomen
Spine 4 Severe
Upper Extremity 5 Critical
Lower Extremity
6 Unsurviveable

External and other
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Multiple injuries are scored by addig together the squares of thehree highest AIS
scores The ISS can range from 1 to 75, with 75 being the maximum score. By
convention a patient with an AIS of 6 in one body region is given an ISS of 75

Internationally, withinthe road safetyenvironment,injury severity is assessedymeans

of the maximum abbreviated injury scale (MAIS)he Maximum Abbreviated Injury Scale

(MAIS) isa globally accepted and widely used trauma scale used by medical
professionals It provides an objective and reliable basis for data collection and

international comparisons. The injury score is determined at the hospital with the help
of a detailed classification key.

The international MAIS trauma scale (maximum abbreviated injury score) has been
used as the European Union definition of serious road traffic injuries since 2014. The
‘scale 3 and more’ (MAI S3+) is the one tha

(Source:Berg, H.V. 2015. The use of the Abbreviated Injury Scale in the Swedish Road Safety effiue
definition of a severe injury, Swedish Road Transport Agency).
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