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is directed towards the design of cost-effective engineering solutions for
accidents which have been identified to have been mainly caused by

conditions Using the Queensland Department of Transport database
accident frequency, severity and circumstances (RUM numbers) have

'''l<lly:sed for all declared rural roads within the three northern Queensland
To'wnsville, Cairns and Mackay Priority for remedial measures has been

road contributing accidents/km of link A benefit!cost ratio has been
for each remedial measure for the selected links for each district These

,ure>Jrr"re been ranked in descending benefit/cost ratio for funding priority
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Introduction

It has been reported that road accidents in Australia cost the community an estimated six
billion dollars annually CB TCE, 1988) Ihis figure is based on the financial cost of loss of
life, emergency and recuperative services for the injured, pain and suffering of victims
and families, property damage, and lost productivity A reduction in accidents results in a
direct benefit to the community, and it is therefore, important to implement effective
measures for accident reduction In order to reduce road accidents it is necessary to
establish trends in accident location and circumstances surrounding the accidents so as to
design the most effective strategies for reducing accidents and thus provide maximum
benefit to the community in general

The principal objectives of this study are as follows:
(i) identify sections of IUral roads that have above average accident concentrations,
ii) determine trends in location or circumstance surrounding these accidents,
iii) design measures which may be implemented to reduce accidents along those sections,
IV) determine benefit/cost ratios in order to determine priority for implementation of
remedial measures

This study has been carried out for the Queensland Department of I ranSport
districts 9, 11 and 8 based respectively in lownsville, Cairns and Mackay The district
boundaries are shown in Figure 1 The entire period for which data is available in the
Department of Transport accident database is used in this study Ihis covers fOUI years
and eleven months fmm July 1984 to May 1989

Methodology

Accident Classification

Many attempts have been made to devise a useful system for classification of accidents
Ihis is a difficult task as a variable describing an accident must be able to
i) identify the vehicle manoeuvres that were indicated by the drivers
ii) describe factually what the vehicle manoeuvres actually were
iii) reflect directions of impacts received by vehicle or vehicles
This is achieved by means of the Road User Movement (or RUM) system of numbers
(Hutchinson, 1987) which uses 85 categories to describe the nature of an accident These
categories consist of ten groups of related circumstances M~jor classification of RUM
numbers are shown in Table 1
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PHYLAK database and dBASE III Plus
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00 -> 09

!O -> 19
20-> 29
30 -> 39
40 -> 49
50 -> 59
60 -> 69
70 -> 79
80 -> 89
90 -> 99

RUM numbers

Accident classification by RUM numbers

Accident category

Table 1

1 Pedestrians (on foot, in toy or pram)
2 Vehicles from adjacent directions

(intersections only)
3 Vehicles from opposing directions
4 Vehicles from same directions
5 ManoeuVIing
6 Overtaking
7 On Path
8. Off Path on Straight
9. Off Path on Curve
!O Passengers and Miscellaneous

The complete list of RUM number classifications is shown in Appendix A

PHYLAK is an accident information database system developed for the Queensland
Department of Transport by consultants Cameron McNamara in 1988 The system
provides a convenient repository of all information on accidents reported by the Police
Department The road accident data feeding PHYLAK is obtained from police accident
records (Police forms PI51) which are computerised by the Australian Bureau of
Statistics (ABS) One of the distinguishing features of PHYLAK is the accurate location
of each accident. This is done by specifying the link in the road section where the
accident occurred and the distance from the beginning of the link to the exact accident
location (+/- !Om) This degree of accuracy enables useful information to be generated
about the road system and assists in designing road improvement strategies (engineering
solutions) to reduce accidents

dBASE III Plus, a general-purpose spreadsheet progIam, is used to manage the
stored data on traffic accidents It enables data to be retrieved, displayed, rearranged, and
analysed. This allows considerably more flexibility for data analysis than that available
with PHYLAK Data for each accident is contained in one record with 99 fields of
information e"g accident number, time, true date, severity, ARP (accident reference
point), RUM number, etc .. Fields of particular interest can be selected and displayed on
the screen or printed Searches can be carried out for either a particular field expression
(e..g. YEAR = "1988"), or combined with logical expressions for a more detailed analysis
(e..g. YEAR = "1988" AND STREET I = "BRUCE" AND SEVERITY = "DEAD")
Useful also is the facility where records can be simply summed, averaged, or counted,
rather than just displayed, for a particular search condition
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Remedial measures, costs and benefits

30
6000
6000
1500

10000
25000
54000
Varies

Maintenance cost
($/yt)

514000
115000
13800
3300

Initial cost
($)

600
30000
35000
15000

100000
200000

1800000
Varies

Setvice life
(yts)

Estimated costs and expected life of remedial measures

Farality
Admitted to/treated at Hospiral
Minor injury
Propetty damage only

Table 3 Cost estimates for IUraI tOad er ashes

Crash severity Cost ($)

Remedial measure

Signage 5
Street lighting 10
Railway crossing lights 10
Tuming lanes 10
Intersection reconstruction 10
lane widening (/km) 20
Dual cartiageway consttuction (!km) 30
BIidge reconstruction 30

Table 2

The effectiveness of the remedial measure is expressed as a percentage of
accidents reduced based on Sanderson et al (1985) A discount rate of 8% has been
adopted to determine the net present benefit of each remedial measure

Remedial measUtes and theit costs, projected benefits and effectiveness have been
determined for those links which have greater than 15 times the avetage numbet of road
conttibuting accidentslkm of link The proposed action is based upon the common groups
of RUM numbets and/or recuning accident locations, which can be targeted by an
engineering solution 1 able 2 shows the expected service life for remedial measures
employed, their initial and maintenance cost, as well as their service life.

The cost of accidents has been tesearched in detail by the Bureau of
Transportation and Communication Economics (BTCE) and the Fedetal Office of Raod
Safety (FORS) Their methods have been employed to update accident cost estimates for
1990 These estimates are shown in Table 3 Benefits fot each remedial measure have
been based upon the numbet of accidents targeted, cost of accidents (a function of
seveIity) reduced, effectiveness of remedial measures and the time period for which
measure is effective
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Av,vli,cation of the proposed methodology

2 shows a flowchart of the methodology followed. This methodology has been
aUIJ"'~ to analyse accident occurrences in the three districts in Northern Queensland and

VTlJp,)se cost-effective engineering solutions for reducing accidents on declared IUral
in these districts The next three sections describe this application

GENERAL

ACCIDENT

SIIUAIION

NON-ROAD-CONTRBUTING
ACCIDENTS

STATISTICAL ANAL YSIS FOR
RANDOMNESS

2 Methodology used in this study

Engineering solutions are proposed fOl each site (with accident intensity greater
1..5 times the district average) based on an analysis of the nature and recurrence of

l.ccident types as revealed by the RUM number distribution For example, the obvious
Gglne'''inlg solution for a site with predominance of right rear accidents (RUM 32) would

Dr~,vision of a right turn lane.
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• Property damage/millor injury

11 rreaUUent

m Hospitalisation

[J Fatal Accidents
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519%

4,8%

Accident severity in the Townsville district

Accident analysis and engineering solutions for Townsville district

Townsville district (Queensland Iransport district 9) includes eight local authorities
covering an mea of 59,100 sq. km. Ihese are Bowen, Dalrymple, Burdekin,
Hinchinbrook, and Cmdwell Shires and three cities of Charters lowers, Townsville and
Thuringowa.

Major roads in this district include the Brnce Highway, Flinders Highway,
Gregory Developmental Roadand Bowen Developmental Roads This amounts to 450
km of National Highways, 463 km. of National Arterials and 539 km. of Rural Arterials

The annual number of accidents in the district has vmied from 319 to 365 during the study
period. The m~jority of accidents resulted in only minor injmy or propetty dmnage. One
in fOUI accidents resulted in hospitalisation and one in twenty was fatal This is shown in
Figme4

Accident circumstances, described by RUM numbers are classified in Figure 5
which shows that over 44 per cent of accidents that occmed during the study period
involved vehicles travelling off the path (or pavement) on either straights or curves

Ihe randomness of non road attributable accidents is shown in Figure 6 which
c1emly demonstrates that there is no evidence to reject the hypothesis of a random
distribution of non road contributing accidents over the 60 links on the Brnce Highway in
the Iownsville district. Accident concentrations on vmious links were analysed by using
EPDO/108 vkm and accidents/km The first measure relates accidents to travel task and
the second to length of the link A summary of the analysis, showing the ten links with
the highest concentration, is given in I able 4.

Figure 4
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Table 4 Links with high accident rates in Townsville district

Rank Accidents/l08vkrn Accidentslkrn

Link Acc/l08vkm SeveIity ratio Link Acclkrn Intensity

1 6106/01 38551 2.22 OIOK/Ol 582 756
2 088B/Ol 30672 1 83 o1OK/01 563 7 31
3 5407/07 24837 189 014N11 375 487
4 083N05 201 77 220 OIOL/Ol 195 253
5 5407/02 19354 200 01ON/06 177 230
6 OION/01 16744 1 50 01OK/06 162 2 10
7 014N11 15833 2.25 01OK/03 132 171
8 01OK/02 14546 1 57 01ON/04 126 164
9 5407/06 144..22 200 01ON/15 122 158
10 5407/03 11461 160 010K/04 U8 1 53

Accident analysis and engineering solutions for Cairns district

Cairns disttict (Queensland Transport disttict 11) includes twelve local authorities
covering an area of 122,600 sq.km These are Douglas, Mareeba, Atherton, Eacham,
Herberton, Johnstone, Mulgrave, Etheridge, Croyden, Cook and Tones shires and the
city of Cairns.

Table 5 Engineering solutions for Townsville district

Link Action Cost Accidents Effective- Benefits B/Cratio
($) targetted ness (%) ($)

oIOL/O1 Stop sign 750 2 65 17 129 228
010K/Ol Intersection reCOllS! 200000 9 40 3248978 162
010N/06 Bridge reconst 1480000 7 100 4032362 10.9
01OM/04 Right tUIn lane 30000 2 40 317491 106
010L/01 Intersection reconst 200000 7 40 2032155 102
0l4N11 Lane widening 3010000 22 25 5974992 199
010K/06 Lane widening 1680000 7 25 2132628 127
01ON/15 Lane widening 840000 3 25 846768 1 01
01OK/02 Right tUIn lane 30000 2 64 17 714 059
01OK/02 Flash Lights 95000 2 64 28342 030
0l0K/04 Lane widening 2240000 6 25 622681 028
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Accident concentrations on various links were analysed by using EPDO/108 vkm
and accidents/km The first measure relates accidents to travel task and tbe second to
length of the link.. A summary of the analysis, showing the ten links with the highest
concentration, is given in I able 6

Engineering solutions and their evaluation

Based on the circumstances sOIIounding road-related accidents (as shown by RUM
number distribution for each link), engineering solutions have been proposed and
evaluated for all links with an accident intensity of greater than 1 5 times the district
average of 1 44 road contributing accidents per km of link

fable 6 Links with high accident rates in Cairns district

Rank Accidents/108vkm Accidents/km

Link Acc/108vkm Severityratio Link Acc./km Intensity

1 092B/OI 63294 225 020N05 1333 924
2 6471/02 52579 220 0647/06 7.53 S22
3 091N02 52438 257 032NOl 720 499
4 090C/0l 5016S 211 032N02 660 457
5 090D/03 49856 I'll OlOP/17 544 377
6 090D/Ol 48434 2.. 00 032N03 520 360
7 0627/03 48185 257 032N04 4.41 360
8 0653/05 38612 238 01OP/08 4.21 292
9 0204/12 35215 325 032NOI 386 2.68
10 092B/07 35016 2.33 OIOP/Ol 383 265

fable 7 shows the ranking of various engineering solutions applicable in the
Cairns district based on benefit/cost ratio Twelve solutions have benefit/cost ratio of
greater than one and six of these have a benefit/cost ratio greater than four

Accident analysis and engineering solutions for Mackay district

Mackay district (Queensland Transport district 8) includes seven local authorities covering
an ar·ea of 43,700 sq..km These are Broadsound, Nebo, Mirani, Sarina, Mackay,
Poinecr and Proserpine shires

Major roads in this district include the Bmce Highway, Peak Downs Highway,
Sutter and Fitzroy Developmental Roads, and Shute Harbour Road This amounts to 340
km. of National Highways, 313 km. of National Arterials and 577 km of Rural Arterials
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Engineering solutions for Cairns district

Action Cost Accidents Effective- Benefits B/Cratio
($) ta.rgetted ness (%) ($)

20A/07 Signage 750 6 35 921 121 1228
20A/05 Right tUIn lane 30000 5 40 1243393 414
§+7/06 Right tUIn lane 30000 5 40 643838 215
3~04 Right tUIn lane 30000 2 40 617 268 20.6
OA/07 Lightinstl 90000 4 30 701069 779
OA/O? Lane widening 1000000 5 25 4349197 435
2A!01 Lane widening 250000 5 25 614582 246
P/08 Lane widening 2000000 15 25 3679391 184
A/l! Lane widening 900000 7 25 1453250 161

6?103 Lane widening 1100000 9 25 1652057 150
N/24 Lane widening 600000 5 25 862967 144

04 Lane widening 500000 7 25 622681 125
P/17 Reconstruct hwy 7040000 15 25 2900447 041

03 Reconstruct hwy 6160000 13 25 1671 350 027
A/07 Reconstruct hwy 16720000 28 25 2732566 016
1'/16 Reconstruct hwy 6600000 11 25 973 252 o 15

/15 Reconstruct hwy 10 560000 3 25 1034611 010
07 Reconstruct hwy 12760000 20 25 1238981 010

2 Reconstruct hwy 2068000 30 25 929400 004

hUimber of accidents in the district has varied from 214 to 278 during the study
one half of accidents .resulted in only minor injury or property damage. A
accidents resulted in hospitalisation in Mackay disttict (29 per cent)

Cairns and Iownsville districts, One in twenty accidents was fatal Ihis is
9.

.l}ccld:ent circumstances, described by RUM numbers are classified in Figure 10
a large proportion of accidents 46 per cent) that occured during the

iD\'011/eovehicles ttavelling off the path (or pavement) on either straights or

~9';ld',nt concentrations on various links were analysed by using EPDO/108 vkm
The first measure relates accidents to travel task and the second to

link A summary of the analysis, showing the ten links with the highest
given in Table 8
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Accident severity in the Mackay district

Accident circumstances (RUM numbers) in the Mackay
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Figure 9

Figure 10
district
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28,9%

Engineering solutions and their evaluation

Based on the circumstances sOIIounding Toad-related accidents (as shown by
RUM number distribution for each link), engineering solutions have been proposed and
evaluated for all links with an accident intensity of greater than I 5 times the district
average of 0 88 road contributing accidents per km of link Ihis ocemed on six links. It
will be noticed that no solution has been proposed for link 0106/21 ( a 760m link of
Bmce Highway between St Lawrence and Mackay) Ihis is due to the fact that no single
road characteristic appears to be the dominant cause of accidents as evidenced by the
accidents' RUM numbers, and, therefore, no single solution is likely to be cost effective
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422
303
298
210
196
147
141
139
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372
267
263
I 85
173
130
124
123
114

OIOH/ll
0857/04
01OG/21
0851/05
033B/15
01or/03

01OH/04
01OH/07
01OH/16

143
213
140
233
114
2.17
274
100
152
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42736
32395
18196
15037
128.12
11931
IOL98
10185
9892

conclusions

010H/14
8509/02
5307/05
01OH/18
085C/06
0516/01
0851/04
082N03
01OH/11

Links with high accident rates in Malck"y distr ict

Engineering solutions for Mackay district

Accident Reduction on Rural Roads

of this study has been to design cost-effective engineering solutions for
which have been identified to have been mainly caused by adverse

Using the Department of Iransport database PHYLAK, accident
st,,'eri,v and circumstances (RUM numbers) have been analysed for all

within the three northern Queensland districts of Iownsville, Cairns
involving accidents in which the major cause may have been due to

Action Cost Accidents Effective- Benefits B/Cratio($) targetted ness (%) ($)

Lane widening 350000 3 25 1277 761 365Lane widening 1900000 23 25 4755400 250Lane widening 250000 5 25 588810 236Lane widening 1500000 18 25 3476167 232Lane widening 33000000 12 25 2649934 008

9 shows the tanking of varions engineering sOlutions applicable in the Mackay
based on benefit/cost ratio Four solutions have benefit/cost ratio of greater than

2

Table 8
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road conditions have been ranked in terms of accidentslkm of link in order to determine
priority for links where action to reduce the high accident concentrations is necessary It
was decided that road connibuting accidentslkm of link was the most useful parameter On
which to establish priority for remedial action Accidents/108 vkm was not considered
when determining remedial action priorities as this parameter would place undue emphasis
on links with low naffic volumes and thus the benefits derived from remedial action
would be enjoyed by relatively few The district average for road contributing
accidentslkm of link was calculated over all links in the disnict The intensity factor for
each link was then calculated to determine accident intensity relative to the district as a
whole" A more detailed analysis listing trends, remedial measures and costs was then
carried out on those links with an intensity factor greater than or equal to 1.5. Costs
include initial costs plus maintenance costs over the expected service life The ex-post
approach has been adopted to determine benefits from remedial measure implementation
A benefit/cost ratio has been calculated for each remedial measure for the links identified
in accident analysis for each disnict These measures have been ranked in descending
benefit/cost ratio for funding priority
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Appendix A

RUM Number Classifications
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