£, TESTING HAZARDOUS LOCATION PROCEDURES AT URBAN INTERSECTIONS

As discussed in Chapter 5.2, Adelaide in South Australia was
chosen as the metropolitan area most suited to a restrospective
evaluation of urban intersections. This city was well advanced
in terms of road treatment and signalisation Lmprovements through
the MITERS programe, and provided the most extensive and suitable
data base for this study.

6.1 SAMELE STEUCTURE

A structured sample of some 200 intersections, covering both
treated and not treated intersections, was assembled for testing.
The sample represented the population of metropolitan
intersections on the Adelaide main road network, in terms of
intersection geometry and type and presence of traffic control.

The sample was alsgo constructed €o be representative of the
range of treatments appropriate for the intersections
investigated, including the “no treatment® option.

€.1.1 Treated Intersections

The source of the treated intersections sample was the
MITERS file of the South Australian Highways Department, covering
the perioad between 1974 and 1378,

Intersections on non-metropolitan and local roads, and other
intersections where data was not available, were subsegquently
removed, This left a sample of 154 treated intersections on the

main road network,

Examination of other intersections investigated and treated
by the Highways Department or Lacal Authorities was nob
considered appropriate, since in these cases, the cbijective for
investigation was not increased road safety but increased traffic
movenent efficiency,



6.1.2 Untreated Intersections

The source of the sample of investigated-but-not-treated
intersections was the investigations files of the South
Australian Highways Department. Investigations had been
undertaken for a considerable number of locations but

predominantly on the local road network.

These intersections, along with 14 intersections in the
MITERS programme which had not been treated, formed a data base
of 44 untreated (control) intersections on the Adelaide main road

network.

Because of the limited number of locations available, it was
not possible to obtain a proportionately representative sample of
metropolitan intersections on the main road network, in terms of
intersection geometry, type and traffic contrel. The sample,
however, did include each category of intersection and traffic
control. Table 6.1 illustrates the number of intersections in

the sample by intersection type and traffic control.

TABLE 6.1
SAMPLE COMPOSITION FOR
Traffic Intarsection Type
Cantrol
Crosx® Tag Total
Hok Mok Mok
Treated Treated Total Treated Treated Total Treated Traated Total

STGNAL 47 13 50 q 4 & 51 15 Bk
STOP SICH 24 g 24 g 1 5 4 [ 14
GIVE WAY 3 2 - B 3 LI 11 5 18
MO CONTROL 41 10 51 2] L] KR G4 18 az

TOTAL 195 ad 145 as id 51 54 44 138

*includes multi-leg iAtersections.



6.1.3 Structure of the Intersection Population

There were considerable changes between 1972 and 1979 in the
structure of the population of intersections on the main road
network. The number of uncontrolled intersections decreased
dramatically, while the number of intersections controlled by
stop and give way signs increased as a result of the intreduction

of the priority road system.

The most representative structure of the population was the
average for this eight year period. This was approximated by the
average 1975/1976 population which represented the identification
pericod for many of the sample intersections. The structure for
either 1975 eor 1976 was not considered as this was the main
period of implementation of a priority road system in Adelaide,

There was no data available for the total population of
intersections on the main road network. The best information
available from the Highways Department was the number of
intersections with one or more accldents per annum classified by
intersection type and traffic control. This was used to estimate
the total number of intersections on the main road network, The
statistical approach adopted for this task is cutlined in detail
in the Procedural Guidelines from this report.

Table 6.2 illustrates the estimated total number of
intersections on the main road network by intersection type and
traffic control for each year frem 1972 to 1979.

It is worth noting that in the majority of instances, the
number of intersections with one or more accidents approximates
the total population. Far the uncontrolled intersections [(and
predominantly Tee intersections) however, there were a
significant number of intersections without an accident.



CROSS INTERSECTION

YEAR 197F 1973 1574 1975 1976 wE¥T 197 187%  Average
Slgnals 240 2473 246 247 2712 284 299 316 268
Stop T TE TE 101 147 177 210 174 131
Give Way 13 14 25 G0 16t 224 287 33z 140
Ho Contrsl  T3N 15 941 847  h4D  GHIT 411 £l L] B6E
ALL 106% 1110 1230 1252 1220 1266 1227 12011 1205
TEE IHTERSECTION

TEAR 1972 1%73 1974 1975 189Te 1977 1%7A 1979 Awverage
Slgnals 42 42 58 62 65 " a0 114 )
Stap 21 22 14 34 118 143 174 116 &7
Give Way 22 34 i3 1539 592 BE9 1166 1267 530
Ho Control 18T0 1374 2374 2154 1575 1380 1090 1030 1681
ALL 1955 2072 2483 240% 2450 2463 2510 2577 2365
TOTAL INTERSECTIONS

TEAR 197 13973 1974 1975 1976 1977 197 1979 Averaqd
ALL JoE4  31g2 ATy 3661 JETD V2% 1737 3T4E 570




6.1.4 gample Repregeptativeness

The comparison between the intersections included in the
sample and the estimated total population is further illustrated

in Table 6,3,

IABLE ©.J3
COMPARISGON BETWEEN TREATED SAMPLE AND ESTIMATED TOTAL
EOPULATION OF INTERSECTIONS
ON ADELAIDE MAN ROAD NHETWORK

INTERSECTION TYPE

Tratfic ———
Contral Crofs Teo Total

Sample Total % Sample Total L Sample Tatal %
Signals (4] 26E 2% B &7 E Bh 335 26
Stop Sign 29 31 22 5 a7 & 14 ZT@ 16
Give wWay 5 140 i 11 510 2 16 570 z
Mo Cankrol 51 BEE g kR TER1 s az 47 3
TCTAL 145 1295 12 53 2165 2 1948 A570 2

Mote: Cross Intersections include multi-leg iptersections

The sample is not representative of the total population as
it over-represents the intersections controlled by signals and
Stop signs, and under-represents uncontrolled intersections or
those controlled by Give Way Signs. In this respect, the sample
probably reflects traffic managed intersections, rather than the

total availlable intersection peopulation.

On the other hand, it could be argued that a more
representative sample would not necessarily benefit evaluation,
Including more intersections with Give Way signs or presently
uncontrolled would only introduce low cost treatments and low
accident rates. The sample selected, at least, represents sites



with

a mix of varying cost treatments and a mix of accident

numbers and accident rates,

from

All things considered, the sample provides a sound data base
which to evaluate the different identification techniques.

6.2 DATA STRUCTURE

FOUR

For each sampled intersection, the data was structured into

categories,; pamely:

IDENTIFICATION CODOES

TREATHMENT TYPE AND ITMPLEMENTATION COSTE. Gnlf parts af this
information were considered for intersections investigated-
but-not-treated.

ESTIMATED ACCIDENT REEDUCTION FACTORS. This information was
not considered in the detail originally intended because
reduction factors were not available for each accident type.
Furthermore, the information was not relevant for

intersections investigated-but-not-treated.

ACCIDENT AND TRAFFIC VOLUMES. This information was
collected for each year between 1972 and 1979, with
interpolated traffic wvolume estimates for those years in
which data was not available.

Each of the 4 data categories comprised a number of related

independent variables. The format for this data is illustrated

by the sample coding form shown in Figure B.1.

6.3 SYSTEM-WIDE ACCIDENT DATA

Svastem-wide accident data was necessary to compare accident

experience of 1ndividual intersections with that of the whole

aystem of intersections on the main road network in Adelaide,

Information was reguired in the form of average accident numbers
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per intersection and accident rates, categorized by intersection
geometry and traffic control, so that comparisens could be made

within sub-systems.

Estimates had previously been made of the total number of
intersections on the main road network, by category (see Chapter
£.1.3). Information had been obtained on the number of
intersections having one or more accidents each year and their
accident experience. Based on a Poisson model, the average
accident rate for this truncated set of intersections was
compared with the rate at all intersections. This process 1s
detailed in the Procedural Guidelines of this report.

Since the sample of investigated intersections was not
proportiopnately representative of the population of intersections
on the main road system, it was not appropriate to compare
directly the overall system average accident rates with the
sample. Instead, the sub-system accident rates were weighted by
the sample numbers in each category to produce sample-welghted

overall averages.
E.4 A TM AND PRELIMINARY AN 5T
The sample data collected was subjected to particular checks

and adjustments prior to ensure accuracy prior to detailed
evaluation. These procedures are fully described below.

6€.4.1 Data Checking

The integrity of the punched data file was checked by
various logical tests on the data, as follows:

- card number in correct sequence?

=] refearance numbers all +he same for each location?



= fourth traffic volume blank for tee intersections?

- accident numbers by type and severity add to total

accidents?

- treatment code (T) corresponds to year of treatment

indicated on card no, 27
The final data file satisfied all these logical tests.
6.4.2 Exposure Calculations
The average daily exposure during each of the years 1972 to
1979 was calculated for each sampled intersection using the

empirical formula currently used in some hustralian States
{(Chapman 1973) namely:

- for a four way intersection

E = 2OV + W3y = (M2 + V4)
2 2

- for a three way junction

E = 2 (¥4 + ¥3 = W29 x W2
2
Where E = exposure
Vi=-¥4 = traffic vwolumes on each intersection leg

6.4.3 Costs of Treatment

The costs of treatment installation and maintenance in
different years of treatment were adijusted to 1978 prices by the
BTE road construction index {Bureau of Transport Economics,
1982). This index was considered appropriate because the
specific treatments were predominantly minor road construction
jobs or signalisation, which included a major construction



component. The year 1978 was chosen as the base so that
treatment costs would be compatible with the accident cost

estimates of Atkins (1981},

The Met Present Cost (NPC) of the treatment in 1378 prices
was then obtained for a ten year period by discounting the
maintenance cos5ts (and re-installation costs, where necessary
during the period). An interest rate of 10% was chosen, for
compatibility with the interest rate used by Atkins (1381).

6.4.4 Investigation Costs

An arbitrary investigation cost of $500 per identified
intersection (1378 prices) was assumed, following an estimate by
Deacon et al (1975). This cost was added to the NFC of each
intersection investigated, whether they were treated or
untreated, The 5.h. Highways Department was unable to supply
information to improve this estimate.

6.4.5 Accident Reduycticon Factors

In specifying the likely accident reduction factors,
allowance was made for recording either standard factors by type
of accident, severity and total figures, or an estimated accident

reduction factor.

The former approach preved to be difficult as standard
factors were not always available for the full range of
treatments. Moreover, the draft evaluation of the effectivenesss
of low cost road safety improvements in South Australia
undertaken for the Federal Office of Road Safety (Nicholas Clark
and Assocliates 1984) had derived estimated accident reduction
factors for countermeasures using the same MITERS data base to
this study.

Henice, these estimated accident reduction factors were

subsequently used for coding., Table 6.4 lists the estimated
accident reduction factors used in this study.

- BO -



IABLE ©.4
ACCIDENT REDUCTION FACTORS

TREATMENT PERCEMTAGE REDUCTION
Convart X ko T 47
Median Closure 59
Safety Bars 14
Modify Sigrnals 14
New Signals 149
Roundabout 57
Aditional lane at intersection 22
Hew Channelisation 17
Hew Sigrals amd Channelisation 40
Modify Sigrals and Channelisation 6 ®
Stremt Closure 7

* It should be noted that the Wicholas clark & Associates
report suggested that would be a 20% increase in accidents
with modification of signals and chanpelisation, Howewver,
a peappraisal of the data for those intersections included
in this sample showed that their datsa was doEinated by a
number of intersections in the growth areas of Southern Adelaide
whereas there was for this sample a decrease in accidents.

SOURCE: Nicholas clark and Associates (1584}

6.4.€ Benefits of Treatment

The benefits of the intersection treatments were measured by
the reduction in accident losses (monetary costs) over and above

any reduction which would have occurred in the absence of the

treatment.

The two bases for measuring benefits were estimated accident

reduction factors, and actual accident loss reductions. These

two approaches are described further on. In both methods, the
accident experience in the three years prior to treatment was
used to indicate expected accident experience in the absence of

treatment.



Because of the possibility that intersections investigated
may have been identified by chance "high" accident axperience, it
was necessary to consider the accident trends in the three years

prior to treatment.

{(a) Accident trends prior to treatment

Intersections treated in 1975 were found to have had a
rising trend in accidents during 1572-74 in line with the system-
wide experience. Intersections treated during 1976-79%, however,
had no consistent accident trend prior to treatment.

It was concluded, therefore, that there was no evidence of a
*bias-by-selection® effect among the sampled intersections.
Hicholas Clark and Associates (1%84) also reached the same
conclusion after finding that many treated intersections in South
Australia could not be chosen by accident criterion alone.

A threes year accident experience before treatment seemed
adequate for estimating subsequent accident rates.

(b) Benefits based on estimated accident reduction factors

Estimated annual savings were calculated by multiplying the
annual losses from accidents averaged over the three years prior
to treatment by the estimated accident reduction factor (Table
6.4)., For intersections where there was less than three years
accident data before treatment, the available years were used

instead.

This approach simulates the benefit calculations normally
made by a State Road Authority as part of its economic analysis
prior to treatment. It was made in ignorance of any future
exposure changes at the site and of any system-wide changes in
accident rates. However, in derivipg the estimated accident
reduction factors, allowance had been made for changes by
Hicholas Clark and Assoclates ([(1984) .,



In calculating benefits, fatal accidents were given a weight
of $176,090 in deriving total accident losses (Atkins 1981).
However, when the intersections were ranked Ln order of the
estimated treatment benefits, it was found that the fatal
accidents contributed towards 35% of the estimated benefits in
the top 20 intersections, and 43% in the next 20. Since this
effect was due to only 20 fatal accidents, this procedure
produced unstable estimates of treatment benefits.

Acecordingly, fatal accidents were pooled with other casualty
accidents in caleulating annual accident losses, and assigned the

following wvalues at 1978 prices:

Casualty accidents T4, 285
Froperty damage only $1, 180
accidents

(c) Benefits based op actual accident leoss reductions

Using this approach, the estimated annual savings Were
calculated as the differsence between the annual losses averaged
over the three years after treatment and the expected annual
loss, The expected annual loss was the average annual loss in
the three wears prior to treatment, adjusted for changes in the
intersection exposure and system-wide changes in the loss rate
per exposure. For intersections at which there were less than
three years data before or after treatment, the available years

were used instead.

"Benefits" at untreated intersections were calculated in the
same way, by comparing accident losses in the three years before
and after 1975 (chosen arbitrarily). This contrasted with the
previous approach based on estimated accident reduction factors
in which the annual savings at untreated intersections were set
equal to zero, by definition.



{(d} Discounted bLenefits

For each approach, the Net Present Benefit (NPB) of the
annual savings (assumed constant per year) over a ten year period
was calculated hy discounting the estimated savings, using an

interest rate of 10%. Since the average accident costs were in
1978 prices, HPB was also in 1978 prices.

6.4.7 Economic Criteria

Final criteria used to measure the &conomic value of =sach
intersection treatment {(or no treatment) were:

Net Present Value (NPV) = NPB - NPC

Benafit-Cost Ratio (BCR)} = HEPB
HEBEC

Following ranking of intersections by each identification
method (see Chapters 6.5 and 6.6), two complementary economic

criteria related to a programme of intersection treatments were
Also calculated cumulatively by rank:

Cumulative NPV = Cumulative NPE - Cumulative NPC

Cumulative BCHR = Cumulative MNEEB
Cumulative HEC

These measures of economic value of a programme were
compared with two measures of the economic cost or budget for
providing a programme of HRL identification and treatment:

Cumulative Installation Cast

Cumulative NPC



These economic criteria were used to compare intersection
identification methods. The comparisons were made in two wWays;
firstly based on estimated accident reduction factors (Chapter
6.5%), and, secondly based on actual accident loss reductions
(Chapter 6.6 to 6.10).

6.5 COMPARISON BASED ON ESTIMATED ACCIDENT REDUCTION FACTORS

A large number of combinations of factors related to
intersection identification methods were considered in this
analysis. These factors included:

. Identification period (1,2 or 3 years)

Criterion type (numbered-based, rate-based, or combination)

Reference values (system and sub-system averages)

Decision levels (maximum treatment budget, or critical
statistical values)

Severity-weighting

Measure of intersection exposure

Most of these combinations were systematically compared,
paying heed to foregoing results. In addition, the optimal
ranking which any identification method could achieve was
determined from the estimated economic value of each treatment in
the sample.

€.5.1 Optimal Ranking

The optimal ranking of individual elements of a programme in
terms of achieving the maximum NPV of the programme is by BCRH.
Figure 6.2 and 6.3 show this ranking.



A near-optimal ranking is also achieved 1f individual
elements are ranked by NPV, Figures 6.4 and 6.5 show near-

optimal rankings.

The ranking by BCR tends to assign high rank to intersection
treatments with a relatively low HPC, compared with those
assigned high rank by NPV.

£.5.2 Jdentification Perjicd

A three year identification period was initially considered.
However, the effects of shorter periods on the identification
methods were subseguently evaluated and the results are described
in Section 6.9,

For this identification ranking, a full three years of
accident and exposure data before treatment was reguired in the
data file., This resulted in the exclusion of 17 intersections

treated pricr te 1975.

6.5.3 Identification Methods

The accident data used in the comparison of methods was
total reported accidents. Methods based on severity-weighting of
the accidents were also considered and will be described later in
Chapter 6.5.5.

The identification methods were grouped as follows:

Humber-based methods invelwing total accidents, or total

accidents significantly greater than system average,

Rate-based methods including accident rate (total accidents
per exposure}, rate significantly greater than the system
average, rate minus sub-system average, rate significantly
greater than twice system average, and rate minus twice sub-
system average. System and sub-system averages from the
particular ildentification years were used for rate-based
methods .
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Combination methods namely accident rate after number {where
the eriterion in each cAse was significantly greater than
the system average), and accident number after rate (where
accident rate was significantly greater than fwice system

average) .

Potential Accident Reduction (PAR) metheds, where total
accidents minus expected intersection accidents were derived
from system-wide accident experience f{and, in Some CA3ES,
from intersection exposure)., System-wide accident
experience was calculated from elther sub-system average
accidents, system average accident rate or a sub-system

average accident rate.

£.5.4 Statistical Decision Levels

Statistical significance above average for the number and
rate-based methods was by derived from critical walues (p<.0%5,
one-tailed) given by Deacon et al (1975) and found by Jorgensen
{1966) to be an accurate approximation to the true critical
Poisson distribution values for accident numbers.

It was also planned to derive critical values from Monte
Carlo {(simulaticn) methods for linear accident functions with
different severity weighted by average costs, These critical
values could hawve been used to judge statistical significarnce
from on accident losses per exposure (see next section).
However, the relatively poor performance of these identification
methods on economic wvalue criteria, precluded this approach (see
Chapter 6.5,8}.

6.5.5 geverity-Weighting

Severity-weighting was applied to a subset of identification
methads found to have superior performance., The use of casualty
accidents alone was interpreted as severity-weighting in these
data . In some Australian States, these are the only accident



data available which could reliably be used for identification

PUrpo3Ies .

The following severity-weighted identification methods wWwere

considered:

Number-based methods comprising total losses (fatal
accidents separately weighted), total losses with casualty

accidents pooled, and casualty accidents.

Rate~based methods consisting of loss rate (total loszes per
exposure), loss rate with casualty accidents pooled,
casualty accident rate, casualty accident rate significantly
greater than system average, and casualty accident rate
significantly greater than twice system average.

Combination method comprising casualty accident rate after
number (in all cases, the criterion was significantly
greater than the system average).,

6.5.6 Results and Discussion

Tables 6.5 and 6.6 summarize the results for the unweighted
and severity-weighted identification methods, respectively. The
tables show the cumulative economic value of the intersections
chosen in rank order for each method and installation budgets of
$0.5 million and $£1 million. Extensions of these tables to
budgets of $1.5 million and $2 million were also calculated, but
have not been included here as they add very little teo the

oUTCOme .,

-\...92_



IABLE €.5

COMPRRISON OF UNWEICHTED IDENTIFICATION METHODS

(Economic benefits based on estimated accident reduction factors)

$0.5m. IRSTALLATION MUDGET

§im. INSTALLATION BUGGET

Cululative Cusclabive Cumiglative Ha . cymalative Cuysulstive Cosulative Mo,
RANKIKG METHOD Imatallation R BCR Sitems [patallationa KPY BCE Gitma
Cost($000° 3] (50002} Coat(E000° a1 (E000 =)
Estimatnd B.O R
of Treatment LT 4, Th2 5.8 17 L} 17 i, 108 3_94 (141
Estimated W P.V
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{Economic benefits based on estimated accident reduction factors)
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6.6 COMPARISONS BASED ON ACTUAL ACCIDENT LOSS REDUCTIONS

Faor these comparisons,

attention was confined o those

identification methods displaying superior performance in the

earlier work.

based on a three year identification period.
these methods can be obtained from the preceding discussion.

The following methods were thus compared,

6.6.1 Number-based Methods

. Total ace

rdents

. Total losses {fatal accidents separately weighted)
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each

Further details of



. Casualty accidents.

6.6.2 Bate based Methods

hocident rate significantly greater than asystem average

Casualty accldent rate significantly greater than system

average .

6.6.3 Combination Methods

Aecident rate after number

Accident number after rate

Casualty accident rate after number

6.6.4 Potential Accident Reduction (P.A.R.Y Methods

. System average rate based on P.A.R.

6.6.5 Qptimgl Ranking

The optimal ranking of sampled intersections by BCR was
difficult using this approach. Among the untrecated
intersections, there were some which displayed a substantial
accident loss reduction after 1975, presumably due to chance.
This resulted in a high BCR due to the absence of any treatment
co3ts [apart from the arbitrary investigatiocon cost of 500
assigned to all intersections). Untreated intersectiens all had
a BCR of zero in the comparisons of estimated accident reduction

factors (see Chapter 6.4).

Fanking by BCR, therefore, would have produced a number of
untreated intersections at the top of the list and this was
unrealistic. While it could be argued that any decision not to
treat after investigation was & wWell-based econcmic decision in



these cases, it seemed more appropriate, nevertheless, to produce
an "optimal®" ranking by NPFV. Earlier work had shown thiz to
yield a near-optimal ranking (refer Chapter 6.5.1).

6.6.6 Results and Discugsion

Table 6.7 summarizes the identification method comparisons.
Among the number-based methods, those using casualty accidents as
the identification criterion displayed the beat overall
performance in achieving a cumulative BCR of 3.15 for $0.5

million installation budget.

[Economic benefits based on actual accident reductions)
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For the rate-based methods, casualty accident rate
significantly greater than the system average was the best
economic performer, producing cumulative BCRs of 6.12 for a $0.5
million budget and 3.88 for a $1 million budget. These economic
indicators were not far short of those produced by the “"optimal”
ranking based on actual NPV of each treatment.

The identification method, based on casualty accidents
rather than on total accidents, was also the best performer amondg
the combination methods. Casualty accident rate after number
produced a cumulative BCR of 5.94 for a $0.5 million installation
budget and 3.43 for a $1 million budget.

Thus, the best combination method appeared to perform almost
as well as the best rate-based method, which in turn, displayed
the best performance of all the identification methods
considered. In all cases, combination methods were not far short

of the "optimal®™ ranking.

However, casualty accident rate gfter number has a distinct
advantage over casualty accident rate as an identification
method. In the former, a subset of sites is 1nitially selected
for having a casualty accident number significantly greater thamn
the system average, and exposure data need only be collected to
facilitate subsequent ranking by casdalty accident rate.

The only potential accident reduction method considered,
namely that based on the system average rate, displayed
relatively poor economic performance and produced a cumulative
BCR of only 2.48 for a $0.5 million installation budget.

Examination of the top ranking zites produced by esach of the
superior identification methods showed that they included =ites
with BCE less than one (and even negative wvalues in some cases).
This undesirable seconomic ocutcome could have been anticipated imn
many instances by calculating the estimated BCR based on
estimated accident reduction factors, and the accident experience



before treatment, These sites, therefore, would be excluded f£rom
treatment in an objective hazardous road location identification

and treatment programme.

The effect on the economic performance indicators of
excluding anticipated non-economic sites is described below.
Attention was confined to the three identification methods found
to be the best performers namely casualty accidents, casualty
accident rate significantly greater than the system average, and
casualty accident rate after number.

6.7 EEFECT OF EXCLUDING NON-ECONOMIC SITES

For this part of the study, sites with an estimated BCE of
less than one were excluded before ranking by each of the threse
identification methods (casualty accidents, casualty accident
rate significantly greater than the system average, and casualty
accident rate after number).

This procedure ensured that ranked sites would be
investigated, that the best treatment was chosen, and that only
those sites with estimated BCR greater than one would be treated.
Estimated BCR was based on estimated economic benefits from
estimated accident reduction facters listed in Table 6.4,

This approach also excluded untreated sitesz, since thelr

expected BCR was zero in each case,

6.7.1 Optimal Ranking

The exclusion of untreated sites meant that there was no
difficulty in using actual BCRE to determine the optimal ranking.
Previously, when untreated sites were included, the ranking by
BCR was headed by a number of untreated sites displaying
substantial accident loss reductions after 1975, presumably due

to chance.



The optimal ranking of the expected economic sites from
actual BCR is shown in Table 6.8 together with the resulta for

pach identification method.

({Economic benefits based on actual accident reductions)

Canualiy Azeidepat Rate
Aiter Humbep 415 4,061 5.91 (] 494 5,007 3.78

Actual B.C.R of
Treatmant 87 5,624 6 .84 25 75 B,EE] 4.62
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izl Eatimsted BCW)Y Tolliowing investigation
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6.7.2 Results and Discussion

With one exception, the economic performance indicators
suggested superior performance for each identification method
when non-economic sites were excluded. Tables 6.8 and 6.7
compares the performance differences with and without site
exclusion. The exception was for casualty accident rate after
number with a $0.5 million installation budget in which
cumulative BCR was almost identical for the two cases In the
remaining cases, the difference in performance was small for a
$0.5 million budget, and not substantial for $1 million budget.




In addition, the optimal ranking was marginally superiecr for
a2 $0.5% million installation budget, and marginally inferior inm
the case of $1 million budget.

Based on alternative identification methods, the general
conclusion was that the economic benefits from an objective
programme (one in which only expected economic sites are treated)
are not much greater than those from a programme where all
identified sites are treated within practical limits.

While this conclusion 15 particularly important for small
installation budgets, it must be tentative from the data analysed
here. There is the possibility that some non-economic sites with
high initial ranking have been already excluded from the
treatment programme, following informal investigations not
included in the Highways Department files,

Based on these findings it was decided pot to exclude
expected non-economic sites in subsegquent comparisons of
itdentification methods.

6.8 STANDARD DEVIATION OF CUMULATIVE BENEFIT-COST RATIO

Tc strengthen the conclusions from Chapter 6.6, it was
necessary to place error limits on cumulative BCR so that any
real difference could be determined.

From earlier discussions, cumulative BCR can be seen as a
function of accidents and exposure before-and-after treatment,
system-wide changes in accident rates, and discount factors. Of
these components, chance variaticon in the accident experience
before-and-after treatment seemed to dominate the error variance
of cumulative BCR.

Essuming Polsson distributions for the numbers of property
damage and casualty accildents and i1gnoring error variance of the
other components, the standard deviation of cumulative BCR was
calculated, This was then used to judge whether there were real
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differences in the economic performance of the three
identification methods discussed in Chapter 6. as the best

performers (casualty accidents, casualty accident rate

significantly greater than system average, and casualty accident

rate after number).

g.8.1 [ sion

Assuming an error limit on cumulative BCR of twice the

standard deviation in each case, it is possible to identify which
method is superior. Table &.9% shows that the number of casualty

accidents is a significantly poorer identification methed in

terms of economic performance than the other metheds.

(Economic benefits baszed on actual accident reductiona)
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There is no significant difference in economic performance

betweean the other two methods, although casualty accident rate

significantly greater than the system average appears to be
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marginally superior. Any difference, however, must take account
of the cost of collecting exposure data,

Hence, the casualty accident rate after number method is
preferred, since it substantially reduces the need for collecting
exposure Jdata, and its econocmic performance is aot significantly
poorer than “he casualty accident rate significantly greater than

the system average method.

6.9 EFFECT OF SHORTER IDENTIFICATION PERIODS

So far, only a three year identification period has been
considered in the comparisons of identification methods. The
effects of using one and two year periods were also examined for
each of the three identification methods. The use of shorter
identification periods allowed some additional sites to be
included in the analysis which had not been previously

congidered.

The periods for calculating economic criterion based on
accident experience before-and-after treatment, remained
unchanged for these comparisons [(see Chapter 6.3).

6.9.1 Results and Discussign

Tables &.10 and &.11 show the results for two and one year
identification periods, respectively. These can be compared with
Table 6.% for three year 1dentification pericods.
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(Economic benefits based on actual accident reductions)
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For any given identification method and installation budget,
the cumulative BCR appears to decrease monotonically with
decreasing identificatioen period. However, the differences
between cumulative BCR in this relationship are not statistically

significant.

For a $0.5 million installation budget, there is little
advantage in using a three year identification period against two
years, for either the casualty accident rate significantly
greater than system average, or the casualty accident rate after

number .

6,10 EFFECT OF INTERSECTION EXPOSURE MEASURE

So far, only the intersection exposure measure employed by
the SA Highways Department ([(Chapter 6.4.2) has been considered in

comparing identification methods.

The available literature on measuring intersections exposure
showed there were three basic measures in use, namely the sum of
vehicles entering the intersection, the product of conflicting
flows, and the sguare root of the product of conflicting flows,
The most popular measure was the latter, although research
indicated that both of the former methods are also viable.

For the purpose of examining the effect of the intersection
exposure measure on the identification methods, therefore, the
sum of entering volumes and the product of conflicting flows were
included for comparison with that used by the Highways Department
{square root of the product of conflicting flows).

The total vehicles entering the intersectiaon was
approximated by dividing the total wvehicles on =ach leg by 2.
The product of conflicting flows was then calculated, using the
South Australian formula without the square rooct. The definition
of the preduct formula for T-junctions 1s not standardized in the
literature. However, retaining the South Australian formula
approach ensured compatablility.
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I+ was not necessary to examine the effect of the
intersection exposure measure on the casualty accident
identification criterion, since this method does not employ

EXpOSULE .

In the comparisons carried gut in this analysis, the
ecanaomic criterien continued to be based on the S5A Highways
Department method, since this was relatively insensitive to the
chosen exposure measure compared with the relative sensitivity of
the identification measure. In each case, ranking was based on a

three year identification pericd.

6.10.1 REesults and Discussion

Tables &,12 and 6.13 show the results for the product
measure and the sum of entering velumes measure, respectively.
These can also be compared with Table 6.9 for the eguilavent

Highways Department measure of intersection sxXposure.

The sguare root of the product of conflicting flows measure
consistently produced the highest cumulative BCR's for a given
identification and installation budget. The product measure
results in relatively peor economic performance faor each of the
two ideptification methods, especially for a $0.5 million
installation budget. The sum of entering volumes measure
produced lower cumulative BCR's than the 54 measure, but the
difference is not statistically significant.



(Economic benefits based on actual accident reductions)
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6.

CONCLUSIONS

The following conclusions were reached from the

retrospective evaluation of identification methods applied to

urban intersections on the Adelaide main road system:

1.

The identification method "casualty accident rate
significantly greater than system average" identified a list
of sites with the maximum benefit-cost ratio following
investigation and treatment, for installation budgets up to
£1 million.

The identification method “"casualty accident rate after
number" is not inferior to "casualty accident rate
significantly greater than system average" in terms of
identifying sites representing the best investment cof a
given installation budget. However, the former method has
the distinct adwvantage of requiring exposure data only for
the sub-set of sites initially selected by casualty accident

number significantly greater than system average.

The best number-based identification method (casualty
accident number) identified sites with significantly lower
benefit-cost ratios than the identification methods
described in 1 and 2 above.

This evaluation tentatively suggested that the economic
benefits of an objective identification and treatment
programme (wWwhere only those sitesz treated are those expectad
to be cost-beneficial)] are only marginally greater than
those where all identified sites within practical limits are
treated. This conclusion appears to hold particularly for
relatively small installation budgets.

For a $0.5 million installation budget, there is no

advantage in using a three-year identification period over
two years, for either of the identification methods
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described in 1 and 2 above, However, identification periods
as short as one year should be avoided, and for a $1 million
installation budget, three years 13 still preferred.

The measure of intersection exposure based on the “"square
root of the product of conflicting flows"® is marginally
superior, in terms of economic performance, to the "sum of
entering volumes" measure, The "product of conflicting
flows" measure results in relatively poor economic
performance and should be avoided.
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7. TESTING HAZARDOUS LOCATION PROCEDURES ON URBAN SECTIONS

A prospective analysis was decided on for urban sections as
discussed in Chapter 5. The wyear 1983 was chosen as a base year

for 2 reasons:

To keep extranecus influences to a minimum,

Ta enable the work of octher agencies to be used in this

study,

7.1 DEFINMITION OF A SECTION

The traditional method of i1dentifying metropolitan non-
iptarsection locations 15 based on mid-block locations betwesn
minor intersecticons. These lengths are generally short and they
require a substantial number of accidents to be individually
identified as hazardous locations.

Howewver, this may not be the most suitable means for
identifying hazardous sections. A number of adjacent mid-blocks
could all exhibit similar numbers and types of accidents, On
their own, they may not be hazardous, but together, would
indicate a length of rocad which has an accident problem.

The South Australian Highways Department has recaognised this
identification problem. They define hazardous road sections as a
length of road between major intersecticons, and include all mid-
block lengths between those locaticons. In other words, they
exclude minor intersection accidents. However, this also has
problems in that many of the hazards may be specifically related
to the minor intersections along that length of road.

The most recent work undertaken in Victoria by the Road
Traffic Authority identified high accident road sections by
considering the total number of accidents between major
intersections, including those at minor intersections. &
consequence of this approach i1s that minor intersections are
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identified by both the intersection identification programme and
the road section identification programme 1f adjacent

intersections have similar accident problems,

one of the main gquestions addressed by this research,
therefore, was what constituted an appropriate definition for
hazardous urban sections.

7.2 STUDY QOBJECTIVES
The study, therefore, was undertaken in two phases, namely:
Establishing an appropriate definition for urban sections
Evaluating identification methods.
In addition, the urban intersection conclusion that casualty
accident data only (not total accidents) would not detract from
the identification procedure was also tested for urban sections.

Unfertunately, this test could not be fully definitive as only a
proportion of PDO accidents are reported in Victoria.

7.3 STUDY AREA

The evaluation of identification procedures was based on
five major roads in the eastern suburbs of Melbourne shown in
Figure 7.1, namely:

; Toorak Road and Burwood Highway from its intersection with
Punt Road to its junction with Ferntree Gully Road (26 kms).

High Street and High Street Road, from Punt Eoad to its
junction with Stud Hoad (22 kms).

Commercial Road, Malvern RBoad and Waverley HRoad from Punt
Eoad to 1ts junction with Jells Road (20 kms).

- 110 -



- lLLE -

'. x_-,-ﬁm'?"

' 1k B
) i TR "
.l SFmfvan]

BB

]
e

i)

,.I HE=RLRT

i

Q

&
- )

o ——

INININ).

——

]
]
0 08 By a8 d¢ J1

B ARl D




bandenong Road and Princes Highway from Punt Road to its
intersection with Cleeland Street, Dandenong (26 kms).

Ferntree Gully Road, between Princes and Burwood Highways
(17 kms).

These roads were chosen because they provide a
representative variety of typical road types. ©Of the total 111

kms, there were;

20 kms of two-way road with tram operation;

43 kms of two-way road without tram cperation, mainly 4

lanes but occasionally 6 lanes wide; and
48 kms of multi-lane divided highways.

In the subsegquent analysis, this road categorisation was
used along with the individual characteristics.

7.4 ACCIDENT DATA

Casualty and property damage only (PDO) accident data for
these roads was provided by the Road Traffic Authority (RTA).
The 1nitial data was for each RTA classified link and included
all necessary information for initial identification. In
subsequent analysis, road sections were formed which generally
comprised RTA links, although in some cases, these links were

divided into smaller road sections.

The road information provided for the six year period from
1977 to 1982 was tabulated for easy reference. Separate
tabulations were prepared for the sections including and
excluding minor intersection accidents.
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7.5 IBAFFIC VOLUMES AND EXPOSURE CALCULATIONS

Traffic volume counts are continuously recorded by the Road
Construction Authority and local municipalities in these areas.
From these combined resources, 1t was possible to determine 12
hour counts on the majority of sections studied for either 1382
or 1983. Where volumes were not available, adjacent traffic

volumes were used to estimate approximate wvolumes.

These 12 hour two-way traffic volumes were then
converted to 24 hour volume by multiplying by a factor of 1.10.
This figure iz generally used by the Road Authorities in Victoria
in deriving AADT volumes from these counts. The volumes were

then incorporated in accident tabulations.

Estimates of annual vehicle kilometres for the sections were
determined by multiplying the daily traffic volume by the length
af the section and then hy 365,

7.6 IDENTIFICATION PROCEDURE

Detailed evaluation of the identification procedures for the
urban intersections suggested that the casualty accident number
and casualty accident rate methods were the most appropriate
procedures. These measures were used as the basis for all

gsubsegquent evaluation.
7.7 FINITION

The initial phase of the urban section study was tao
determine whether to include or exclude minor intersection

accidents.

The accident rate per kilometre and accident rate per
million vehicle kilometres were calculated for each section of
road including and excluding minor intersection accidents, The
sections were then ranked from highest to lowest, and the top 20

- 113 -



sections identified by each calculation methed. Table 7.1
illustrates these comparisons in the number of accidents per

kilometre and per million vehicle kilometres.

Using the number of accidents per kilometre, seventeen of
the sections were included in the top 20, no matter whether minor
intersection accidents were included cor excluded. Similarly,
when using the number of accidents per million wehicle
kilometres, fifteen of the sections ranked highly by both
methods.

Since these lists are basically the same, it was decided
that future analysis should include minor intersection accidents

for completeness.

7.8 ACCIDENT DEFINITION

The next stage of the evaluation was to determine whether
the identification procedures should include only casualty

accidents or all reported accidents.

Casualty and total reported accident rates per kilometre and
per million wvehicle kilometres were calculated for each section
including minor intersection accidents. Sections were then
ranked from hichest to lowest. The top 20 casualty accident and
total reported accident sections weére again compared. This

comparison is illustrated in Table 7.2.

For kilometre figures, seventeen sSections were identified by
both casualty and total reported accidents. Similarly, using
million wvehicle kilometre figures, eighteeen of the sections were
identified by both methods.

Since the section rankings are basically the =ame, 1t was
concluded that casualty accidents only should be used in the
subseguent analysis., Although these represent only one-half of
the accident data, they do provide a more definitive assessment
of the risk of accident involvement, as records in Victeria do

not consistently include property damage only (PDO) accidents,
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IDENTIFICATION METHOD
Humbsar of Accidents

Péer Kilometre

e —

Humber aof Accidents
Per Millicn Veh. kas.

Included Excluded Included Excludad

Toorak Ed-Punt Rd

to Chapel S5t 1 1 1 10
FPrinces Hwy-Chadstone=

Bd to Warrigal Ed 2 2 = 5
Malvern Bd-Chapsl 5=

Eo Williama Rd k| 4 2 2
Frinces Hey-Warrigal RdA

to Ferntree Gully Rd 4 7 - 1%
High S5t=-Chapel S5t

te Hotham St 5 3 z 1
Princes Hwy-Chapsl 5t

to Hotham 5t 5 11 - -
Frincea Hwy=Belgrave Rd

to Chadstone Rd 3 L] - 13
Toorak Rd-Summerhill Bd

to Highfisld R4 B 16 = -
Malvern Rd-Punt Rd

to Chapesl 5t % 5 4 3
Toorak PAd-Williams B

to Grange Hd 10 12 T 3
Halvern Rd-Wattletres=

Bd &o Waverley Rd 11 9 - -
High St-Susmerhill Rd

to Warrigal Rd 12 8 - 4
Princes Hwy-Chadstons

Bd to Warrigal Bd 1] 10 - -
Frinces Huy-Heatherton

Fd Horth ke Eocuth 14 - 11 =
High St-¥ooyang Rd

to Glapfarrie Hd 15 13 5 i
Burwaood Hey-Warrigal

Rd %o Elgar Rd 16 14 149 -
High St-Malvern Rd

o Gles Tris R4 L - 14 -
Princes Hwy-Hobham St

to Orromg R4 18 18 = -
High St-Orrong Rd

to Kooyeng Ed i - 5 15
High St-Williams Bd

to Orprong Ad o - B 20

continued
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IABLE 7.1 (contipued)

IDENTIFICATION METHOD

Humber of kocidents Husber of Accidents
Par Kilometre Per Million Weh. kmsa.
Included Excluded Included Excluded
Malvern Rd-Tooronga
Bd £o Burke B4 - 15 14 11
Waverley Rd-Warcigal
Rd to Huntingdale R4 = 17 [ 4
High 3t-Punt Rd to
Chapel 5t - 19 12 ¥
Princes Huy-Gladaston
Bl to Clesland St - >0 = =
High St-Glenferris Rd
ta Tooroaga Rd = - 12 =
Malvern Rd-Glenferrie
Rd ko Tooronpga RA - - 16 12
Malvern Rd-Williams RA
to Oreong Bd - = 13 -

Waverley Rd-Huntingdale

Rd to Stephensons R4 - - 17 i}
Malvern Rd-HEooyong Rd

to Clenferrie RA - - 18 18
High St-Tooronga Rd

to Burke Rd = - 20 -
Toobak Bd-Glenfercie

Ed to 5.E Freeway = - - 17
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IDENTIFICATION METHOD

Humber of Accldents Humber of Accidents
Per Kilcmetra Per Million Veh. kma|
Reported Casdalty Beported Caaualty

Toorak Bd-Punt Hd

ts Chapel 35k 1 4 1 i
Frinces Hwy-Tooronga

Ed to Waverley B4 2 2 - 114
High St-Chapel 5t

o Williams Rd 5 L] i i
Princes Huy-Warrigal Bd

o Ferntrees Gully Rd 4 g = -
Halvern R4-Chapel 5t

ko Williams Rd 5 3 i z
Frinces Hwy-Chapel 5t

ta Hotham 5k i i = -
Princes Hwy-wWilliams Rd

to Grdnge Ed 17 10 T &
Princes Hwy-Chadstons Bd

o Warrigal Rd ] 13 = -
Malvarn HdLPunt Rd

to Chapel 5t E] 7 4 4
Toorcak Rd-Summerhill RA

to Highfield Rd 10 12 - -
Malvern Rd-Wattletree

Rd to Waverley Rd 11 16 - -
High St-Summerhill Rd

to Warrigal R4 2 8 = 18
Erinces Huy-Heatherton

Rd Horth to South 13 - 11 -
High St-Eseyeng R4

to Glenferrie Rd 14 - 5 15
Burwood Hwy-Warrigal

R4 to Elgar Rd 15 11 18 15
Princes Hwy-Belgrava

Rd to Chadstone RA 186 ] - -
High St-Malwvermn Rd

te Glen [cis Rd 16 13 14 14
Princes Huy-Williams pEd

to Orrong Rd 1@ 15 B T
High St-0rreng Rd

to Kooyong Rd 19 - g g
Prifices Huy-fSladstone

Rd to Cleeland 5t 20 17 = =
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IDENTIFICATION METHOD

Humber of Accidents Number of Accidenes
Par Filometrs Far Million Yeh., kms.
Included Excluded Included Excluded

High S5t-williama Rd

to Orfang Bd = 18 = =
High St=Glenferrie Rd

to Tooronga R = 18 12 ]
Waverley Rd-Warrigal Rd

to Huntingdale Rd = 20 L] 5
High St=-Punt Rd

to Chapal 5t = = 10 15
Malvern Rd-Williams RdA

ko Orrong R4 = - 13 18
Malwern Rd-Tooronga Rd

£3 Burke R4 - = 14 10
Malvern Bd-Clenferris

Ad to Tooronga Rd - - 16 18
Wavarley Rd-Huntingdale

Bd to Stephensons Rd - - 17 13
Malvern Rd-Eooyong Rd

to Gléenfarrie Rd - - i8 18
High St-Tooronga BRd

to Burke Rd - 20 11
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This is also the case in all other States and Territories except

the ACT.

This analysis, therefore, corroborated the urban
intersection evaluation of identification procedures which also
suggested that the use of casualty accidents alone would not
detract from the identification results.

7.9 AVERAGE ACCIDENT STATISTICS

The average casualty accident statistics including minor
intersections accidents were calculated for each route, road type
and in total for accident per kilometre and accidents per million
vehicle kilometres, These are 1llustrated in Table 7.3.

IABLE 7.3
AVERAQE ANNUAL BACCIDENT STATISTICS

Road Accidents Accidents
IType] per km pear million vehicls ke
Burwood Huy 3.39 76
Waverley BEoad 3.33 a5
High Street 3.87 51
Ferptrees Gully R4 .21 24
Princes Hay 440 28
Tram Routes 5.493 16
Two-way Roads 2.587 30
Dual carriageway I.50 24
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T.10

The critical accident rate per kilometre and critical
accident rate per million wvehicle kilometres were calculated from
the average casualty accident statistics (Chapter 7.9%) using the
method referenced by Jorgensen (1366} and Deacon et al (1975),

namely :

CR =A + 1.845 A+ 1 (see footnote ¥ )

CR 1s the critical rate
A iz the average casualty accident rate per exposure
M is the measure of exposure
1.645 is based on a 95% confidence limit, implying

a4 5% chance that the intersection may be
indicate a significantly high rate of accident
even though it is neot specifically hazardous.
Deacon et al (1975) provides alternative values
of this constant for differing cenfidence limits,

These critical accident rates were then compared to the
actual casualties expressed as an appropriate rate for each

individual section.

The sectipns identified by reference to the total accident
rates per kilometre and by accident rates specific to the road
type (tram, two-way, and dual carriageway) are listed in Table
7.4. Sections identified in a similar way, but based on accident
rates per million wvehicle kilometres, are listed in Table 7.5.

*This formula was adapted from original analyses performed by Rudy
(1962Z) and BMorin (1967). Formula derivations can be obtained from

these original references.
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Rank Raute Link TIype Cosmon

TOTAL RATE

1 Princes Hwy Chapel 5t - Willliam=s Rd Dual

2 Princes Hwy  Tooronga Rd - Waverley Rd Tram

3 High 5t Chapel 5t - Williams R4 Trasn "

4 Burwood Hwy Punt Rd - Chapel 5t Tranm w

5 Waverley R4 Chapal 5¢ - Williams R4 Tram "

6§ Princes Awy Warrigal Rd - Ferntree Glly Rd Tra=

T waverley Rd Punt Rd - Chapel 5t Tran 4

8 Frinces Hwy Chadstone Ad - Warrigal R4 Tual

% High 5t Summerhill Rd - Warrigal Rd Twe Way L]

11 Bupwosd Hwy  Warrigal Rd - Elgar B4 Dual *

TYFE RATE

1 Frinces Huwy Chapel S5t - Williama Rd Dual

E Frinces Huy Warrigal Rd - Ferntree Glly R4 Dual

%  High 5t Chadstorne Bd - Warrigal B4 Dual

#  High 5t Summerhill Rd - Warrigal Rd Two Way "

11 Burwood Hwy Warrblgal B2 - Elgar Rd Dual *

13 High 5k Malvern Rd - Glem Iris Rd Dual

20 wWaverley Rd Wacrigal Rd - Huntingdale Rd  Two Way *
HOTE:

Sites identified by a % are those ranked critical by

either accident per km or accident per million wehicle
kilometers (ie: Common to both Table 7.4 and 7.5).

Type specifies the road hierarchy including two way, dual

highway or two way wikh publie transport {[tram].
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CRITICAL SECTIONS

IABLE 7.2

BASED ON ACCIDENTS PER MILLIOH VEHICLE

EILOMETRES

Rank BRoute Limk TYpa On Both
Limts

TOTAL RATE
1 High 5t Chapel 5t - Williams Rd Tran *
] Waverley Rd Chapel 5t - Willians Hd Tram L
k| Burwood Huy Punt Ed - Chapel 5% Tram .
q Waverley Rd Punt Ed - Chapal St TEam L
1 wWawverley Rd Warrigal Hd-Huntingdale Bd Two Way
[ Burwond Hwy Williams Bd - Crange RBd Tram
T High St Williams Bd - Qrrong Rd Tram
& High St Glanfereie Rd-Tooronga Rd Tram
15 Burwood Huey wWarrigal RBd = Elgar Bd Dual =
18 High 5t Summerhill Bd-Warrigal Bd Two Way "
TYFE RATE
1 High S5t Chape]l 5t - Williams R4 Team
5 Waverley REd Warrigal Rd-Humtingdale Rd Two Way "
15 Burwood Hwey Farrigal Rd - Elgar R4 Lual ¥
18 High 5t Supme=rhill Rd-Warrigal Bd Twa Way L
23 wWawverley Rd Chapel St - Williams Ad Dual
28 Prince Hwy Gladseone Rd-Cleeland S= D 1
HOTE: Sites ldantified by a ¥ are those ranked critical by

either agocident per km or aceident per million wvehicle
kilometars [ie:; commen to both Table 7.4 and 7.5).

Those sections identified by reference to the specific road
type rates are included with those identified by reference toc the

in terms of both accidents per kilometre and
This iz directly

total rates,
accidents per million wvehicle kilometres.

comparable with the urban intersection evaluation, where it was

found that component rates gave similar identification results to

tatal rates,

The identified sections based on both measures are listed in
Table 7.6. This shows that both methods identified the same €

sections from the possible 10 sections considered.
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Those sections 1n which the actual accident rate in terms of

accidents per kilometre and million wvehicle kilometres is above

the critical rate, therefore, were considered worthy of detailed

investigation.

O !uth1

Rank  Houke Link Trpe
Lisks

BASED ad ACCIDENTS PER RKILOMETRE

1 Princes Hwy Chapel 5t - ¥Williams Rd Diutal

) Princes Rwy Togronga Rd-Waverley R4 Tram

1 High 5t Chapal 5% - Williamzs Rd Tram E
4 BurWwood Hwy Pumnt REd - Chapel S5t Tram L
5 Waverley Rd Chapel 5t - Williams Rd Tram -
9 Princes Hwy Warrigal RA-Ferntree Gly Rd Traes

7 wWaverley Rd Funt Rd - Chapel 5t Tram *
| Frinces Bwy Chadstone Rd - Warrigal Rd Dual

4 High 5t Supmerhill R4 - Warrigal Bd Two Way *
11 Burwood HWy Wareigal Rd - Elgaz Rd Dual ®

BASED ON ACCIDENTS PER MILLION VEHICLE EILOMETRES

1 High 5t Chapel S5t - Williams Bd Tram A
2 Waverley Rd Chapel S5t - Williams Rd Trams #
3 Burwaod Huy Funt Rd - Cchaps=l 5t Tram *
L] Waverley Rd Funt Bd - Chapel 5t Tram i
5 Wavearley Rd Warrigal Rd - Huntingdale Rd Two Way

[ Burwaod Hwy Williams Bd - Scange HA Tras

1 High 3t Wwilliams Rd - Orrong R4 Tram

B High 3% Glenferrie #d - Toaronga BL  Troan

15 Burwood Huwy warrigal Rd - Elgar Bd Cual &
184 High 5% Sumpechill Bd - Warrigal Rd  Tus Way .
HOTE: Sites identified by a ¥ are those ranked critical by

either accident per km or accident per millien vehicle
kilometers (ie: common to both the upper & lower sections
of this tabhle),
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7.11 INVESTIGATIONRS

The value in continuing to investigate the accident record
of each identified location, and to identify possible traffic
management sclutions was gquestionable; there would probably have
been insufficient differences along these lengths to allow a
meaningful comparison of the two identification methods.
Moreover, the continuation of the work depended upon the
availability of resources to provide detailed environmental
information on the 600 accidents at these identified sections,

It was decided, therefore, that benefits resulting from the
investigations were marginal and not sufficient to justaify the
work. Hence, the evaluation did not undertake an investigation
of each location, and did not provide economic comparisons of the

identification methods.

7.12 CONCLUSIONS

The following conclusions were reached from the evaluation
of identification methods, applied to urban sections in the

geastern suburbs of Melbourne.

1. Identification of hazardous sections, inciuding or excluding
minor intersections, produced similar rankings by both the
"accident number related to distance® and "accident rate®
methods, It was concluded, therefore, that evaluation
should be based on sections including accidents at minor

intersections .

2. Identification of hazardous sections using casualty and
total reported accidents produced similar rankings by both
the “accident number related to distance” and "accident
rate” methods. It was concluded that evaluation should be
based on casualty accidents only, since Victorian records do
not consistently include property damage only (FPDO)

accidents,
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3. Identification of hazardous szections uszing total accident
rates or specific road type accident rates was similar.
Therefore, the total rate was considered the appropriate
reference value for identification purposes,

4. The identification of hazardous sections by “accident numbex
related to distance® and “"accident rate" methods produced
similar rankings, and either could be used for

identification purposes.
It was not possible to check the economic benefits of each

identification method because of the external rescources NECESSAryY

to provide the accident location information.
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A prospective evaluation was decided on for evaluating

hazardous roads in rural locations because of the relative lack
of rural highway improvements for road safety compared with urban
locations. To minimise rescource effort and cost, the work was
carried out in the Road Construction Authority's Traralgon

Division in ¥ictoria,

8.1 SITE SELECTICON

The Traralgon Division of the Road Construction Authority
provides two different, but complementary, highways with suitable

data.

Princes Highway Easzt iz the main highway from Melbourne

through Gippsland. It links the important country centres
of Warragul, Moe, Morwell, Traralgon, Sale and Bairnsdale,
and continues on ©o the H5W Border. Within the Traralgon
Division, there were differing read characteristics,
including freeways, dual carriageways and high gquality two
lane roads, with varying traffic volumes.

. Scuth Gippsland Highway is the main coastal road from

Melbourne to Sale, linking the important country centres of
Korrumburra, Leongatha, Foster, Wilsons Promontory,
Welshpool, Alberton and Yarram. Withinm the Traralgon
Division, this road provided varying gqgualities of two lane

road with medium to low traffic volumes.

6.2 ACCIDENT DATA

The Reoad Construction Ahuthority has developed a computer
program for rural investigations which lists the accidents on
each highway by rcad section and intersection, defined as a
kilometre distance from a control point.
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This information for the two highways from July 1978 to June
1982 was plotted as a strip map for easy reference. Figure 8.1

is a typical illustration of this map.

Following the identification of rural hazardous sections and
intersections, RCA provided a summary of the accidents at each
itdentified location for the same four year period from which it
was possible to identify the accident report form number (see
Figure 8.2). The relevant accident data were subsequently
provided by RTA for the detailed examination. This is discussed

further in Chapter 8.7.

8.3 IBAFFIC VOLUMES AND EXPOSURE CALCULATIQONS

B.3.1 Bopad Sections

RCA undertake annual traffic volume surveys esach year on the
main Victorian highways. This does not provide detailed traffic
volumes for each section of the highway but rather, an historic
record for a selected number of locations (10 on the Princes

Highway East and 9 on the South Gipplsand Highway).

From these locations, 12 hour two-way traffic volumes for
each section of both highways were derived. These wére assumed
to represent the traffic volumes in 1980 which was the mid point
of the accident data collection pericd, 1978 to 1982. It should
be noted that the annuwal wvariation over this period was

relatively low.

The 12 hour two-way traffic volumes were converted to 24
hour, two-way wvolumes using the factor of 1.2% which i3 generally
used by the RCA for deriving AADT volumes from these counts.

8.3.2 Intersections

The traffic volumes on the main cross roads were provided by
the relevant local government auvtherities.

The exposure estimates for the intersections were determined
using the South Australian formula {(Chapter &.4.2.).
- 128 -



THAFFLIC PRINCES (EAST] HIGHWAY RCCIDEMTS
e | H FROM BOkm 0O 100km
;".:1 E F |PI |PD
Ly = v 2 distance length
A'Backer &d a1-94
1ok o i 3
Barrymans Ad BT — 4
Pl lhn B L, S =1 v ) oa ]
Marrigeay B B3-17) g dl i
Perpss g £ ! 1 3 1
4 == | 4 o
Langremrry  WgiL pean) * X b
Lomgrmrry Emsl L
t-.-d.-rm'-_-' £ o as| 0BT 1 i &
B+ | +oa
[ 1 u] & |
Promie Fosnl B BA 08 _— 5 1 L
I'57 a
B | 440 gy MIeEEen 0 “m" e
=] *'.-‘-"“f' s hmiw O 5 E:; g + T - oo
. T, S0 R R L T — Eq-r‘:r “T'T T
B | & Efe 13
B | & 180
4-Eg = i =]
|
EHH - P hniag AR o .
—— -+ — | o
bk B =] [
-1 1,118 LArArErs Tracw —q"m * — 1 o 4 4+ & 4
i ..J_ b —
HOTES » A1l f|:-':..H'-..:. gt g g 12 hgus |l--I L [« PSS Tml_.ru._:l'-

- 12% =




QgL

HAZARDOUS LOCATION PROCEDURES IN RURAL AREAS

SAMELE ACCIDENT RECORD SHEET

AlBALiC Y BEEIDENTA & vEamy T & IWAF
AW STUIY  TRAHALGOW DIVISI0OM PHE dLbCaspPils
Ll Lle Al Cednig ACEWE STl SEw & aT AE muhag L pUf gpsebiadl [P o] HEFEAEMLE Rk
heh ] - [ ) Al L LS T EGEL COanifY ad Y EL LI IE ]
CLI Y . Io- =lERIC PFUIK] =@ 31500009 BSZ
T TOTGRT NTEAE T T AW B 77 BT 1910 1 1
LT o BSF
T AL TOOFIT OFOL 1% ¥ Tid G0 OF Bl odRTTTTI 3
BA s HEE
Ri.% 0731119 TAATT 5 ] LT3 Ld 18 RO 130 ] 1
WA, B ~ B57
TTTERL.E UATIITE TYOAw 1% F RE oA 0% EO NI § vt o
LT B a5z
- ot ] 13 o1 & 3
Al 08 452
W&.= S0¥04AT lO@gz  Ls 3 51 i1 o= 19 1530 1 i
BAL DR . A5F
R R O o % & op ok R E O E R E R od dd A A S od o Ao E W
BA. O 2091827 We0kz L& 2 0k Lé DF g 0440 F 5 FAJNCES Ay PICHIE FO]AT #i ¥T5080AOY
LT ) Td= WL GCLOWEE RIF ITSGCLOBOT  ASE
21 0% BE Lelo i 1
H.u FEF3
AL J0F1AST O33R 1% 7 adW o i A .
LEPCE] A5
RB, 0 UFa0F|S 32%]3m 1% 3 ] £3 10 &l p&dn g i
LY CEF3
E"D U1d03ST 10130 1% 7 &3 % 07T A0 §3ig z L
S ] [T}
t;,u ELLSES 1¥6s2 LS 3 a3 3R DGR T4 jasd ) Lo
] N CLE]
AA. 0 BZENAZL SOLWT IS 7 AFNe LS5 12 TE Q150 1 5 .
LEITS:] o5 ’
- ¥ F & & = L L] B F W O® & & = o W = L] F's L] 1 - L] o - & W W - o o
TAON.T JLOOAST [atAn 15§ SIE Do 0& A2 000 T T Fa[NLES Fwv WADOES WD Fevzat [0l
137,14 T9-  WILMA=HDN& W|§TA BD  39TER)90) 862
TIOR.T TTu01d5 Sosen 15§ GIGE 0N [0 Al Da&l H [
1aT, L& aad _
[0A.7 LiTotnd fiiag % & &&f il 0% BI 19805 1 1
1ar.l& A 52
10K, T LO%070L 1=970 1% F  ROE 4% OF BL 155% F] i
107, 0% [T
1OR. T Gisdnas 20411 15 1 [Ti] fm or mo 1150 ] 1
BT.1& 18l
in;.': FLA0TI9 a9g1s L% @ Al 1% bE 7% dlsd F] k]
& i!z
on. CTIFEDY i ia 0% TR F300 [ ]
10T L% T4
lOA,T 9iloea® 13Lam 15 3 He FENC L ENED] i ]
si-'.r 'l:.'I.H'IL . . E’lﬁ:ﬁ L L11E ; .
LY ! hm L BiIEY H
LnﬁiJ':u,l L H: FITT4| z-‘%'.T_EIE'E'E'ﬂ'FI_
ImPRNP Oam sl A GATEL & Miy OOy IwdhAd s 3L OW .
- Tay 2 LTGw h!HﬂﬂniEE RalikNR ; 5L OFF
conTL L3s5CH-FLAGSL LTk d M0 5L

T TkaYLA-AI G, _15-h0 CONTROL LT I - —_——— -




8.4 IDENTIFICATION PROCEDURES

The identification analysis for urban intersections
suggested the most appropriate procedures for rural areas were
the accident number and accident rate methods, especially those
based on casualty accidents,

On rural sections, the number method was corrected for
section length, and the accidents restricted to casualty
accidents (the Victorian records do not always include property
damage only (PDO) acecidents). The previous analyses suggested
this would not detract from the rural identification procedures.

8.5 HIGHW CIDENT STATISTICS

2.5.1 Egad Sections

The average casualty accident statistics were calculated for
each highway separately using casualty accidents per kilometre

and casualty accidents per million wvehicle kilometres.

These averages were ihtended to be used as reference values
for individual accident rates on rural sections. It was
necessary, therefore, to eliminate urban area accident locations.
The definition of an urban area was derived from the accident
mapping classification, where rural areas were deemed to finish
at the nearest designated urban area intersection. The only
exception to this was on the Princes Highway East where the
Freeway in the Moe urban area was included.

The Princes Highway East consisted of three highway types,
namely 25.7 km of freeway, 7.0 km of dual carriageway and 0.8 km
of two-way road. However, the use of this categorisation was
unnecessary as the dual carriageway was only one section and did
net provide comparative statistics. Moreover, the use of this
categorisation 4id not provide superior identification for urban

intersections .
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The section statistics provided failed to identify all
intersection accidents. Procedures have been used by the
authorities to allocate intersection accidents to sections, but
this was not appropriate for this research project. Hence, rural

intersections were treated separately in this evaluation.

The average annual accident statistics are summarised in

Table B.1.

RURAL SECTIONS
Highway Casualty Accidents Casualty Accidents)
peEr km per ko
Frinces Highway East 2,40 .15
South Gippsland Highway o186 o, x5

8.5.2 Intersections

The average casualty accident statistics were calculated for
each highway using casualty accidents per intersection and
casualty accidents per million vehicles exposure,

The casualty accldents per intersection are based on 38
intersections on the Princes Highway East {excluding the grade
separated intersections on the freeway secticons), and 130
interszections on the South Gippsland Highway.
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It was not possible to obtain the traffic volumes for all
these 168 cross routes readily. A sample of intersections was
gelected, therefore, in which accidents were higher than the
critical number. This sample included 11 sites on the Princes
Highway East which had two or more accidents, and 14 sites on the
Ssouth Gippsland Highway which had more than one accident,

Average exposure was available for each intersection and was
applied to all zample intersections.

The average annual accident statistics calculated are

summarised in Table 8.2.

Casualty Accidents Casuvalty Accidents
per ifntersastion per Wmilllion wehicles

Princes Highway East o.61 Q,.0a%
South Cippsland Highway o112 0073

8.6 CRITICAL ACCIDENT BATES

8.6.1 Boad Sections

The accident rate per kilometre and accident rate per
million wehicle kilometres were calculated for each section of
the highway, and sections were then ranked from highest to lowest
rate. The critical accident rates were subsegquently calculated.

Thasze sections where the actual accident rate is above the
critical rate were investigated in detail. These are listed in

Table 8.3,
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ACCIDENTS/km ACCIDENT RATE
SECTION

Actual Critical Rank Actual Critical Rank

FPREINCES HIGHWAY EAST

Wewall Ed=Morrisons Rd  1.83 1.51 1 0.53 @.51 2
Marriscns Rd-Pottsrs R4 1,45 1.20 3 0.42 2. 41 q
Cordurgoy Rd-Plenic PE.R4 O,92 0,88 [ - - =
Picnic Pr,Rd-McGlonea Ed O.91 .93 T = = =
Hilma Bona YVista Rd

- Rhodes Rd .53 0. 68 5 - - -
Railway Viaduct Rd

= Lloyvd R4 1.581 0.%9 2 0. 45 .44 3
Haunted Hills Rd

= Morwell Bypasa Rd = = - e 0. 25 &
Morwell Bypass Rd

- Morwell Bridge Rd 1.15 1.01 4 0.56 .41 1
S5ale Cowwarr R4

- Hopkins R4 - - - 0. 34 0,39 &
SOUTH GIPPSLAND HIGHWAY
Hookers Rd-McHenzies B4 O, 6& .43 4 072 .59 E
Goldiea Rd-Roy S5t 0,50 0.45 1 - - -
Jestha Ed

- Bena Fongwak RA 1.2 0.42 2 .32 0.57 3
Bena Kongwak Rd

- Bena Foowang Ad 1.67 0.93 ] 1.83 1.19% 1
Cakills Outlat Rd

= Barnes Rd 0,98 O.Bé 1 - - -
Carmodys Rd

= Guwther Siding R4 O.44 O.43 ] - - =
Dorans Rd-Grip B4 0, 45 .44 T 0.5 0.66* 7
Edeys Rd-Pound Bd East 0,57 0. 48 5 0.83 0.72 4
214 Sale Bd=Cascads= Rd - - - o.79 0.72 5
Cascade Rd-Carrajung i
Woodside RA - - - 1.77 1.46 2

" Although the actual are less thah the eritical rate,
the compagison is sufflclently close to warranmt
investigation,
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8.6.2 Intersections

Accident rates per intersection, accident rate per millicn
vehicles, and critical rates were calculated in a similar way for
the intersections. Those intersections where the actual number
or rate was above the critical number or rate were considered
further. These are listed in Table B.4.

ACCIDENT NUMBER ACCIDENT RATE
IHTERSECTION

Astual Critical Actual Criklical

FRINCES HIGHWAY EAST

Picnic Point R4 - = 1.04 Q.87
Bloomfield Rd 3 2.34 - =

Eesnnys Rd = - 1.00 Q&7
HWoir R4 = = 0.58 0. 49
Railway Viaduect R4 - - O, 79 .54
Coonoe Rd L] 2.3% 0.57 a.33

SOUTH CIFPSLAND HIGHWAY

Goldiea R4 = - 1.37 1.2%
Koonwarra Inverlach Bd 2 1.1% Q0.37 0. &2
Barry Rd 2 1.1% 0.58 o.46
Holmana Rd - - £.74 2.20
Boundary Rd - - 2.24 1.84
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B.7 INVESTIGATIONS

The accident report forms were studied in detail and the
accidents located on black spot maps, In addition, accident
summary sheets were prepared for each location [(see Figure 8.3).
These included accident details such as number, date, time, light
conditions, road conditions, and accident severity, together with

a brief summary of possible accident causes.

The location of accidents on the road sections was
relatively precise for short lengths, where the Police used a
nearby intersection as a reference point. However, on long
sections of road, the location data was less accurate because
many accidents occurred at relatively large distances from the
nearest intersection. The leocation of thesze accidents, however,
did not interfere with the investigation of particular lengths of

roads,

The freeway between Haunted Hills Road and the Morwell By-
pass on the Princes Highway proved the most difficult section to
locate accidents. This was because of its length and the lack of
identifiable reference points.

8.7.1 Survey of Sites

In addition to obtaining these accident details, a survey of
the characteristics of each section of the road was undertaken.
This information formed the basis for detailed inspections of
accident location toc determine the most likely countermeasures.
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The inspections were undertaken by two experienced traffic
enginesrs who suggested a range of probable countermeasures. At
many of the locations, there was an obvious countermeasure to
alleviate the problem. To minimise bias, care was taken to
ensure that the engineers were unaware of the method of
identification for each section, although experienced traffic
engineers would have little trouble in summising this.

To further control for bias in selecting countermeasures,
the traffic engineers' recommendations were discussed with RCA
Divisional Office engineers in Traralgon. In most instances, the
recommendations were unchallepnged, but some were rejected

baecause:

Schemes were unable to meet necessary standards, e.q.
guardrail or embankments of insufficient elevation

. Schemes were politically unacceptable, e.g. right-turn
treatments for private properties

Schemes were not in accord with RCA practice, e.g. lighting
in rural highway sections.

It should also be noted that some of the recommended
countermeasures would not have been considered in practice by RCA
because the sections investigated were to be duplicated in the
immediate future, This did not interfere, however, with the
final list of recommended countermeasures in this project.

B.8 COST OF TREATMENT

B.8.1 Coats of Implementation

Treatment installation costs were based on unit treatment
costs provided by the RCA. These unit costs were derived from
recent work undertaken in the Traralgon Division.
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A factor for maintepance cost was also included for the
various treatments, based on assumptions of construction, line

marking, and guide post and sign replacements demands.
Maintenance costs were only taken ints aceount for the remedial

countermeasures and not for general roadworks.

8.8.2 Cogtg of Investigation

It was not possible to include an arbitrary investigation
cost for rural investigations, as a realistic estimate was not
available and could not have been derived without considerable
work, Moreover, inclusion of an investigation cost for rural

investigations would have had only marginal effect.

B.85.3 Het Present Cost

The net present cost (WPC) of each scheme was calculated
over a period of 10 vears, discounting for re-installaticn and

maintenance costs at 10% per annum.

8.9 BENEFITS OF TREATMENT

8.9.1 hocjident Beduction Factors

The derivation of accident reduction factors for each of the
treatments proved difficult. There is insufficient Australian
data available to prepare a comprehensive list, and overseas
studies only provided some of the regquired information. The
major problem with the overseas literature was the ambiguous
definition of the countermeasure accident reduction factors.

Accident reduction factors, therefore, were accepted as
reported in the literature. Where there was a range of
counterméasures for a particular treatment, this was noted (Table
B.5). For marginal benefit-cost ratios, the range of factors
available determined whether to accept a higher accident
reduction factor or not.
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Percentage Reduction Bange
Igprovemant to dual carriagewvay 30
Re-construct highway 25 10 - 40
Laft turmn lane 15
Right turn lans 40 A5 - 60
Acerleration lane 10
Lane widening 25
Overtaking lanss i5
Re-construct intersection 40
Surface shoulder 30 25 - 40
wWiden shoulder 160
Barcier life 6%
Edgeline-highWway or curve 15
Aaized reflective pavement mackers 15
Guazdrail i 10 = 50
Guideposts - highway 1]
= Eurves 32
For twe lane road
Advance Warnipg signs-highway 30
-intersection 5
Por multi=lane road
Advance Warning signs-highway 18
=intersecticons 5

HOTE: 1. Range is only given where there are significant
differences from the assumed reductiosn Tactors

The accident reduction factor for a particular
countermeasure was applied to the length of road (identified
section or part thereof) effected by that countermeasure and
likely to influence the accidents occuring over that length of
road. It could be argued that the implementation of certain
countermeasures could generalise over a greater length of road.
overtaking lanes, for example, may reduce the level of
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frustration so that drivers do not attempt to overtake along
gucceeding sections. However, identifying these sffects would be

arbitrary, and as such, were ignored in this analysis.

For locations where more than one countermeasure was
recommended, their joint effects were assessed as follows:

Expected Accidents x Accident Reduction x Accident Reduction
{Countermeasure 1) [Countermeasure 2)

It was assumed that the accident reduction factors
determined for total accidents would similarly apply for the
casualty acgoidents investigated in this study.

8.9.2 Expected Nupber of Accidepts

The expected number of accidents per annum was assgumed to be
the average of the four year identification period, for the whole
length of a section, or part of a section where a particular

countermeasure was recommended.

B.%.3 Cost of Casualty Accident

The cost of a casualty accident from the investigation of
the urban intersections was that derived by Atkins (1981} in 1978
costs. As a cost update for 1982 was not available at the time
of this analysis, an estimate was assumed, based on the rise in
Average Weekly Earnings which, according to McLean (1980} and
Somerville (1981) is the dominant index in the parameters used to

determine accident costs.

8.9.4 Het Present Benefits

The net present benefit (NPB) of the expected accident
reduction of each scheme was calculated over a period of 10 years

at a discount rate of 10% per annum.
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8.10 ECOROMIC CRITERIA

The criteria used to measure economic value of each
treatment included the Met Present Value (NPV) and Benefit-Cost
Batio [(BCR).

The selection of the appropriate treatment from a range of
possible treatments could be based on either the NPV or the BCR
for each treatment. Therefore, evaluation of identification
methods considered both criteria.

8.10.1 Evaluation Procedure

hfter ranking treatments by each identification method, the
two complementary economic criteria of cumulative WPV and
cumulative BCR related to the programme of treatments, were
calculated and ranked (see Chapter &.4.7).

These measures of the economic value of a4 programme wWere
then compared using the cumulative NPC as a measure of the
economic cost or budget for a pregramme of hazardous road
location identification and treatment.

The economic criterion for individual locations and the
programme of treatments was then used to compare the different

identification methods.

&.11 RESULTS AND DISCUSSION

The factors used in the evaluation of identification methods
for rural sections were:

. Humber-based, rate-based, or a combination method (either
number faollowed by rate, or rate followed by number).

. Referenced to sub-system averages or system-wide averages,

Based on treatment selection criterion using =ither BCR or
HNEV .
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The identification methods for sections were compared on the
basis of treatment budgets of £25,000 and $50,000 (see Table
#.6). In addition, comparison wWwas made for a budget of $£21,150
and $42,300 (Table 8.7) as these represent a statewide budget for
rural roads of 20.5 million and %1 million respectively (since
these roads in the Traralgon area represent some 4% of the

designated state highways).

Figure B.4 shows the comparison between the number and rate
identification procedures for BCR and NPV selection criteria.
The accident number method for BCR treatment selection identified
more sites for both $50,000 and $25,000 treatment budgets.
Moreover,this approach was also superior for Statewide budgets of
$0.5% million and $1 million,

In addition, accident rate comparizons resulted in
significantly lower BCRs than accident numbers, and combination
methods were not superior to either of the separate approaches.
Methods based on BCR for countermeasure selection produced

greater economic wvalues than those using WPV,
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8.12 CONCLUSIONS

The following conclusions were reached from the prospective

evaluation of identification methods applied to rural sections on

the Princes and South Gippsland Highways in the Traralgon
Division of the RCA:

the

The identification method based on "accident number related
to distance” identified a 1list of sites with a higher
benefit-cost ratioc for treatment budgets up to $50,000.

The identification method based on "accident rate"
identified lists of locations with significantly lower
benefit-cost ratios compared with the "accident number
related to distance” for all treatment budgets.

The identification methods based on a combination of
"accident number related to distance” and "accident rate" do
not provide any greater benefits (when compared to the work
to be undertaken) than the simple individual methods.

The investigation methods based on benefit-cost ratio to
select from altermative treatments at each identified site
resulted in greater economic value than those based on nat

presant value,

It was not possible to compare the identication methods for
intersections because of insufficient data.
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2, ERECOMMENDATIONS AND FUETHER RESEARCH

5.1 RECOMMENDATIONS

The research undertaken on testing potential hazardous
location procedures in the 3 study areas of urban intersections,
urban sections and rural locations has highlighted preferred
procedures and recommendations for identifying hazardous road

lacations., These are summarised below.

9.1.1 Urban Intersections

The following recommendations were reached from the
retrospective evaluation of identification methods applied to
urban intersections on the Adelaide main road system.

The identification method “casualty accident rate
significantly greater than system average" identified a list of
sites with the maximum benefit-cost ratio following investigation
and treatment, for installation budgets up to $1 million.

The identification method “casualty accident rate after
number” is not inferior to “casualty accident rate significantly
greater than system awverage” in terms of identifying sites
representing the best investment of a given installation budget.
However, the former method has the distinct advantage of
requiring exposure data only for the sub-set of sites initially
selected by casualty accident number significantly greater than

System average.

The best number-pased identification method (casualty
accident number) identified sites with significantly lower
benefit-cost ratios than the identification methods described
abowve .,

This evaluation tentatively suggested that the economic

benefits of an objective identification and treatment programme

{where only those sites treated are those expected to be cost-
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beneficial) are only marginally greater than those where all
identified sites within practical limits are treated. This
conclusion appears to hold particularly for relatively small
installation budgets.

For a $0.5 million installation budget, there is no
advantage in using a three-year identification period over two
years, for either of the identification methods described in 1
and 2 above. However, identification periods as short as one
year should be avoided, and for a $1 million installation budget,
three years is still preferred.

The measure of intersection exposure based on the "square
roct of the product of conflicting flows™ is marginally superior,
in terms of economic performance, to the "sum of entering
volumes” measure. The "product of conflicting flows" measure
results in relatively poor economic performance and should be

avolded,

9.1.2 Urkban Secticons

The focllowing recommendations were reached from the
evaluation of identification methods applied to urban sections in
the eastern suburbs of Melbourne.

Identification of hazardous secticns, including or excluding
minaor intersections, preoduced similar rankings by both the
"accident number related to distance" and "accident rate"”
methods. It was concluded, therefore, that evaluation should be
based on sections including accidents at minor intersections.

Identification of hazardous sections using casualty and
total reported accidents produced similar rankings by both the
"accident number related to distance" and “accident rate”
methods. It was concluded that evaluation should be based on
casualty accidents only, since Victorian records do not
consistently include property damage only {PDO} accidents.
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Identification of hazardous sections using total accident
rates or specific road type accident rates was similar.
Therefore, the total rate was considered appropriate reference

value for identification purposes.

The identification of hazardous sections by "accident number
related to distance® and “accident rate" methods produced similar
rankings, and either could be used for i1dentification purposes.

It was not poassible to check the economic benefits of =ach
identification method because of the external resources NECesSSary

to provide the accident location information.

9.1.3 Bural Locatigns

The following recommendations were reached from the
prospective evaluation of identification methods applied to rural
seciions on the Princes and South Gippsland Highways in the

Traralgon Division of the RCA,

The identification method based on "accident number related
to distance” identified a list of sites with a higher benefit-

cost ratic for treatment budgets up to £50,000.

The identification method based on “"accident rate”®
identified lists of locations with significantly lower benefit-
cost ratios compared with the "accident number related to
distance” for all treatment budgets.

The identification methods based on a combination of
"accident number related to distance® and "accident rate” do not
provide any greater benefits (when compared to the work to be
undertaken) than the zimple individual methods.

The investigation methods based on benefit-cost ratioc to
select from alternative treatments at each identified site
resulted in greater economic value than those based on net

present waluse,
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It was not possible to compare the identication methods for
the intersecticns because of insufficient data.

5.2 ACCIDENT REDUCTION FACTORS

It haz been noted on zeveral esarlier occasions that there is
insufficient data available on the potential accident reduction

capabilities of most countermeasures,

It is essential in investigating hazardous road locations
that countermeasure selection be based on their cost
effectiveness. Hence, identifying potential accident reduction

factors is imperative for any road improvement programme.

9.2.1 Study Limitations

Mo attempt has been made to prepare a consolidated list of
accident reduction factors and their cost effectiveness as this
is beyond the scope and resources of the present study. However,
there iz an cbvious need for a major study to investigate and

prepare such a list,

The literature review at the commencement of this study
revealed several references to countermeasures and their accident
reduction potential. It would be inexcusable not to include
these references here, although it should be recognised that the
list is5 not necessarily complete, and overseas information may
not be totally relevant. This review 15 a logical starting point

for any subseguent research in this area.

9.2.2 Qverseas Studies

A number of overseas studies of hazardous locations have
included acecident reduction factors, These were.

Evaluation of Criteria for Safety Improvements on Highways

[(Jorgensen 1966) which details urban and rural factors by

road type, number of lanes, and accident severity.
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California Division of Highways (Laughland et al 1975).

Missouri State Highways Department (Laughland et al 1375)
which details factors by accident type,

. South Africa (Brown 1972).
Texas State Highway Department which details rural factors.

Low Cost Roadway Safety Improvements in Canada (ADI 19817)
which details rural factors by accident severity and, in

some instances, accident type.
Kentucky State Highways Department (Agent et al 1976).

Care must be taken in reviewing this information in that the
same data source are fregquently cross referenced in each of these
gtudies. Most of this information is alse referenced in the Pak-

Poy (1374) Study.

9.2.3 Australian Studieg

Hicholas Clark and Associates [(1984) reviewed countermeasure
effectiveness in their evaluation of the effectiveness of low
cost traffic engineering predjects. This remains the most
comprehensive report available in Australia.

Recently, some State Road Authorities have also undertaken a
number of 'before-and-after’ studies to evaluate particular

countermeasures.

(a] ecifi i d

The Road Construction Authority in Victoria have prepared

casualty accident reduction factors for:

Fural freeways
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. Fural staggered-Tee intersections
. Rural raised reflective pavement markers
Urban signalised intersections
Urban roundabouts
Urban right turn lanes
Urban lighting improvements

The Road Traffic RAuthority in Victoria have evaluated the
casualty accident reduction at urban roundabouts by accident

type.

The Main Road Department in Western Australia have evaluated
the effect of urban signalised intersections, urban channelised
intersections, regulatory sign control, and pedestrian median

islands.

(b] Gepneral Countermeasure Studies

In addition to these specific studies, resesarch projects
have been undertaken into general aspects of traffic engineering
to establish their role in road safety, without necessarily
determining specific accident reduction factors. These include,

for example:
Safety implications of geometric standards (McLean 1980}

. Eoad curve geometry and driver behaviour (Good 1978)

Delineation of rural roads and curve hnegotiation at night
(Triggs, Harris and Fildes, 1979%; Fildes, 1979).

Literature review of rural road delineatien (Hall, 1979}
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Highttime single vehicle accidents on rural road curves -
the problem and potential countermeasures (Johnston 1381)

The visual factor in accident prevention {(Cole and Johnston
1979)

. Conspicuity of traffic control devices (Cole and Jenkins
1978)

. Measures of wisibility and visual performance in road
lighting (Hall and Fisher 1978)

Collisions with utility poles [Fox et al 1973)

These and similar studies could form the basis of a general

list of accident reduction factors in Australia.

{c) An Attempt at Couptermeasure Evaluation

Pak-Poy {(1974) have prepared a consolidated list of accident
reduction factors presently used in Australia for the evaluation
of low cost traffic engineering and safety projects. However,
the majority of references upon which these factors are based are
overseas studies, many of which have been detailed earlier. The
data, therefore, may not be directly relevant to the Australian
environment. In the absence of the major investigative study,
this list and recent local evaluations could be used to indicate
potential accident reductions.

9.2.4 COMMENTS

In the absence of a general list of accident reduction
factors avallable in Australia, the use of particular
countermeasures can be determined by a simple comparison of the
factors outlined above with a particular emphasis on the
Australian data.
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Although these factors may not be directly comparable
because of the different environments from which they are
derived, extreme accuracy of the factors is not really essential
in investigating relatively low cost remedial measures. HoWever,
for high cost remedial measures, it may be necessary to consult
the original references to determine whether a higher level of

accuracy and comparability will be possible.

Until definitive factors are available, however,
investigations involving accident reduction factors may use lists
such as those suggested by OECD (1976) invelving pessimistic,

normal and optimistic values.

5.1 RESEARCH REQUIRED

Throughout this report, there have been several references
to particular aspects of hazardous road location procedures that
reguire further research. This section summarises these
reguirements to provide direction on future research into
identifying and investigating hazardous road locations in
Australia.

In many instances, these reguirements are interdependent,
hence the items have been listed in a suggested order of
importance, and constitute a possible programme for on-going
research in this area.

9.3.1 Data Base Compatibility Across States and Territories

By far, the most impending need for the identification of
hazardous road locations is for a gqualitative improvement in
Etate-wide data bases of traffic and casualty accident data.

The procedures established and used in each State have been
arrived at independently and are at differing stages of
development. Hence, those States or Territories that have less
developed data bases and archiving facilities are less able to
take full advantage of road improvement funding, and could make

lesg rational decisions on road improvement programmes.
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In addition, the development of state-wide data bases needs
to be progressing towards the establishment of single
comprehensive national data base including traffic
characteristics, road construction planning information and
accident records. A Hational data base of this type 13 not only
essential fnf long term efficiencies in ldentifying hazardous
road locations, but also for many other road safety improvement

Frogrammes .

3.3.¢ Countermeasures and Accident Reduction

The primary objective of this project was to establish a
model for identifying hazardous road locations in Australia.
Throughout the study, countermeasure =election has had a
substantial influence on identification procedures. Yet, the
selection of countermeasures and thelr expected accident
reduction potential is not well developed in this country. It
would now seem appropriate to extend the hazardous road location
research into the investigation phase and look at the guestion of

how this process can be improved,

There are several aspects of the hazardous road location
investigation procedures that reguire further ressarch. These
are Jdescribed in more detail below,

9.3.3 Countermeasure Usage

An Australia-wide assessment is required of road safety
countermeasures i1n current use, with particular attention to
which treatments are the most popular for specific hazardous
situations.

This inventory needs to be compared with other OVerseas
treatment lists, and would form the basis for improwved
investigation procedures at hazardous locations, and for

subsequent resecarch.
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9.3.4 Countermeasure Effectiveness

Having established a comprehensive list of commonly used and
alternative road safety countermeasures, the next step 13 to
address their individual potential for accident reduction. A
preliminary evaluation of countermeasure effectiveness in terms
of accident data, and an ongoing assessment of hazardous road
location programmes provides valuable long term data.

However, it should be recgognised that accident data is
generally a crude measure of driver performance. Behavioural and
road performance studies such as those described in Chapter 9.2.32
are more likely to highlight the full extent of countermeasure

effectiveness,

These sztudies often include on-reoad, off-road, and
simulation tasks; Forbes (1972} and chapanis (1967} discuss the
relative merits and limitations of these experimental approaches
ta road research. This research can provide waluable insights

into countermeasure potential for accident reduction.

9.3.5 Monitoring Countermeasure Effectiveness

The need for a uniform approach to the continual monitoring
cf countermeasure effectiveness is obwious. There is little
sense in instituting hazardous road i1dentification and correction
programmes without on-going assessment of their cost

pffectiveness,

A major component of this research would entail a review of
existing procedures in Australia and overseas, establishing
guidelines for developing a programme in Australia, and how best
to integrate this monitoring procedure into a nation-wide data

base .
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9.3.6 Under-Reporting of Road Accidepts

There 15 a growing concerpn Lin Australia that the extent of
under-reporting of road accidents is significant. If this is the
case, a full account of road accidents 15 not presently available
to the community or those responsible for road safety

improvement,

Chapter 2.7 discussed likely implications of under-reporting
of accidents on hazardous road location identification. If
under-reporting is general across each State, it will have little
effect on the ranking of hazardous location sites, However, if
there are particular regions in which accidents are heavily
under-reported, the possibility exists of a particularly
hazardous site being overlocked. Hence, there is a need to
understand the nature of any under-reporting bias and how it
effects the identification of hazardous locations.

9.3.7 Predictive Modelling Technigues

There was considerable discussion of the use of accident
conflict models and subjective assessment models for hazardous
road identification (Chapter 3.3). The OCECD (1978} considered
this to be an important direction for future research into

accident ococurrence.,

Whether statistical modelling technigues can ever be
sufficient and efficient predictors of hazardous road locations
is questionable. However, these methods do seem to have
potential use in hazardous road investigations, and research is
still required to develop these technigues into effective tools
for use by engineers charged with improving road hazards.
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