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-ssMlmi 

1-m 

In 1987 the Federal Office of Road Safety (Fcws) cunrenced a review of 
the relative costs and road safety benefits accruing fran road 
inprwement measures identified fran Australian and International 
research. Nelson English, Loxton & Andrews Fty. Ltd. (NELA) was 
ccmnissioned to perform two parts of the project, herein referred to 
as Fhase A and Phase B, with the objdves, respectively to: 

o identify aggrqaticsls of crashes by location (Black spots), or 
by other camrm characteristics, at an apKopriate level of 
detail; and 

o correlate crash occurrence with road parameters such as 
alignment, roughness etc, and examine the feasibility of 
autamtirq the procechues ~ti~nwide. 

PHASEA 

DAllAREIRImFwElsIlATe- 

Formal requests were made to all State Road Authorities for data 
relatjng to crash records and data bases, including: 

(i) tabulation of crashes by severity (fatal, injury and 
property -9 only), Local Govenrment Area ( L m r  and road 
n m h r  of all FunctiaMl Class 1, 2 and 3 roads in ttte thre 
year perid 1984-1986; 

(ii) map shrwing the locations of class 1, 2 and 3 roads; and 

(iii) carriagway length of Class 1, 2 and 3 roads by road nlrmber 
and m. 

Following discussions with the respective authorities, and upon 
receipt of the requested data items, it became apparent that all 
States have different reporting formats, although the content of 
infonnaticn is consistent. III particular: 

0 

0 

0 

0 

all states except QLleensland and TayMlu 'a -e able to povide 
crash statistics by road, ILi3, crash severity and year; 

all States locate crashes; 

- identifying the distance fran either closest intersection, 
start of road, end of road, or L6A boundary for mid-block 
crash; and 

- road names identifying the intersection for intersedim 
crashes; 

precision of crash locations varied fran State to State depending 
upon the police reporting practices; and 

only Western Australia had a Functional Class data field 
incorporated into crash data base. 
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~ A M ) A w L I ; y s I s o F c R A s L 1 ~  

Road links with poorest safety record were identified f m  m u a l  
m t i o n  of the tabulation of crashes by severity, EA and road 
nlrmber of all Functional Class 1, 2 and 3 roads in the three y~ar 
period 1984-1986. 

The links wsre ranked according to the absolute n m h r  of fatal and 
injury mashes w i n g  the stuly period. This provided a candidate 
list for the subsequent case study. 

saazcrIm OF m LINRS F m  CASE SIUDY 

Criteria for choice of links for case stcdy included: 

o availability of mash location records, and canpatibility with 
road inventory reference system; 

o availability of crash data by Functional Class; 

o availability of road inventory data; and 

o absence of significant changes to road parameters arising fran 
road an~~tructicn carried out durirg the s M y  period. 

(3-1 this basis, two road links w=re selected for ca8e study: 

o 

o 

AIASEB 

'Re analysis of relationship htween road inventory ~ a m t e r s  anl 

(i) a gra@ical, or visual check of crash axcen-tim; 

(ii) anprison of frequency of crashes with the proportim of 
carrespondvrg road characteristics, includirag statistical 
ansicaerations; and 

(iii) a multiple regression analysis of the contribution of 
selected road pararoeters to crash occurrence. 

the Pacific K i g M y  in Coffs Harbnn, New south Wales; and 

the Eyre Highay in Ixndas Shire, Western Australia. 

crash - was perfarmea in ttues step, d y :  

G R A P H I c b L ~ c N  

A computer program was used to process both crash and road 
inventory data to produce an output representing the road as a 
continuous, sealed vertical line including marked locations of 
crashss and correspdi~~~ road inventory data for each section of the 
road. l'@nis graphical representation allows imnediate location of 
black spots if they OCCUT. 

nE cxtgmt is skwn in &qed.x D. 
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This analysis ccanpared the observed number of crashes with the 
expected n&r of crashes for road sections characterised by 
particular paramters. For exanple, ths nlsnber of crashes observed rm 
road sections for which sure prcprtion of the brizontal alignn-ent 
was curved was compared to the number of crashes which would be 
erqzcted to OCCUT on these sections puely by chance. 

~n appropriate test then determined whether or not the difference 
between the observed and expected crashes was statistically 
significant. A statistically significant difference provides evidence 
that the parater in question (in this -le, horizontal curvature) 
ccntributes to crashes. 

The results of this analysis indicated that road aligmwt and road 
grade are associated with higher-than+xpxted crash a3cu~races. 

LINEAR REI;REssIcN m x s 1 s  

'his analysis attemptea to uncover an algebraic relationship be- 
crash OcCuIrence ard road parameters by reyressing the pmbability of 
observed crashes for each road section on four irdependent variables, 
m l y ;  

o 

o minimunverticalcw.veinsectian; 

o 

minimum horizontal cuzve in section; 

NAAsRA roughness meter reading; and 

0 maxirmmgradeinsection. 

Although the regression failed to establish an acceptable linear 
relationship between the aependent and inzependent variables, it is 
passible that a relaticmship of  sa^ other form exists. 

This analysis was completed for the Eyre Highway. It was not 
possible, within the resources of this study, to perform the Phase B 
analysis on the Pacific Highway in Coffs  arbour. This was because 
the permanent reference point system used to define sections in the 
road inventory was not used in the NSW crash records, rendering 
autamtic cross referencing of crash occurrence and road pramters 
irrpossible . 

The principal ccslclusicas arising fran the study are as follows: 

(i) the varying formats of crash data bases between States 
mitigate against automation of the procedures for 
identifying crash black spots; 

(ii) correlation betw=en crash occurrence and road parameters is 
hampered by t m  mjor sou~ces of error, r m ~ l y ;  

- error in the precise location of crashes due to 
reprkirq procedures particular to each State; 



- error in identifying in road paramters due to 
the sedionised road inventory. 

Note that the use of a continuous road inventory wuld 
eliminate the latter soure of error: 

(iii) correlation betwen crash marreme and road p~amters 
a d  also be facilitated through the use of a standardised 
refer- systm for lmting crashes, which was corrpatible 
with the permanent reference system used in the road 
inventory - this d d  enable the correlation procedures to 
be aUtaMted Mtionwide. 
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1.0 INlRmrnm 

1.1 BA0 

In 1987 the Federal Office of Road Safety (FORS) comrnced a 
reviw of the relative axts and road safety benefits accruitbg 
frcm road iup-t measures identified f m  Australian a d  
internatiaml research. 

The overall objectives of this research as set &am by the FOFS 
w e  to: 

o identify, review and f m  a amt-effectiveness viewpoint, 
rank known measures for modifying the road and road 
envirohaaent to enhance road safety; 

identify areas of future research into inprowm?nts of the 
road enviramwt that are likely to enhance mad safety. 

Nelson English, Loxton h Andrews Pty. Ltd. (NELA) was 
amnissiaraed to prfonn tm parts of the project, hereh referred 
to as Phase A m  Phase B. 

o 

1.2 DaJEcmvEs 

The objective of Phase A was to identify aggregations of 
crashes by location (Black Spots), or by other common 
-istics, at an appropriate level of detail. 

The aim of Fb8e B was to Correlate CTaSh caxrrence with road 
parameters such as aligmnsnt, mugfiness etc, on a selected sample 
of mad and examine the feasibility of autcmating the prccedwes 
Mtionwide. 

1.3 HlRposEOF'SIXUMlNT 

'Ibis report doclrments the work carried out within phases A and B 
of the stwiy, and allprises twD parts. 

'Ihe first part reports on the effort hmlved in phase A and 
presents its findings. 

'Ihe second part reports on Phase B of the Shdy, and: 

o describes the data used in the case study of Western 
Australia; 

betleen crasks and mad inventory; 

study; and 

for naticsrwide qplicatim. 

o presents the results of the analysis of relationships 

0 d o c u m e n t s t h e p r o c e c f u r e s ~ i n t h i s ~ s e o f t h e  

o canwnts on the feasibility of autam- these pnxedu-es 
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1.4 DmmlTIm 

foll-g definitim are used throughout this document: 

o road link - a stretch of raad within a Local Gnerment 
-; 

0 I1;A-Lxal.Goverrrment~; 

o Functid class - a ~  defined by NAASRA (1977): 

Cr.iS.9 1 - 'Ihose roads which form the principal avenue for 
communication between major regions of the 

capital cities. 

CLASS 2 -Those roads, not being Class 1, whose main 
function is to form the principal avenue of 
COmrmnicatiM for mxretlents: - ketwsen a capital city and adjoining States 

and their capital cities, or - between a capital city and key tmm, or - betweenhytowns. 

M c m  is to form an a m  of anmunicatim for 
IIlovements: 

canmmadth, includirr3. direct - 'between 

CLASS 3 -Those roads, not being class 1 or 2, whcse main 

betweeninportan t centres and the class 1 and 
class 2 roads and/or keytmn8, or - betweeninportantcmtres,or - of an arterial nature within a town in a 

- 

rural area. 



STUDY PHASE A 
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2.0 3luDYDXwmmrIm 

2.1 SImYFRME 

me st* addressed the following states: 

(i) New south wales; 
(ii) Victoria; 
( iii 1 
(iv) south Australia; 
(VI WesternAustralia; ard 
(vi 1 !Ikmnia. 

Roads within mcticunl classes 1 , 2  and 3 correspond to arterial 
roads for which road parameter data tends to be most 
cnnpreknsive. 

Although crashes with "property Damage Cnly" (FW) severity index 
were inspected it was noted that procedures governing the 
r e p m  of crasks in this categoq Mlried from State to State. 
'&is made ccoparisohs between State crash rates difficult. 

Since all crashes involving persanal injury are required to be 
reported in all States, only those in Fatal and Injury categories 
were included in the a m y .  

2.2 - 
Phase A m i s t e d  of three major tasks: 

(i) 
(ii) d e w  and analysis of crash histories; and 
( iii ) 

Each of these is described in detail belcnr. 

2.2.1 Data Retrieval fmm State Authorities 

?his mrponent involved the following sub-tasks: 

0 initialin- 'on of t k  s t w  to the appropriate State 
authorities by FCEi; 

o respcmse by State authorities providing nams of oontact 
representatives; 

o telephone or personal discussions !q NELA with naninated 
officers in each State canvassing data availability and its 
retrieval; 

0 formal requests to states for data, inc1LdiI-g the f o l l ~  
itens: 

(i) tabulation of crashes severity (Fatal, Injury 
and property [)amage only), IclA, and road n m b r  of 
all Functional Class 1, 2 and 3 roads in the 
three-year period 1984-86; 

data retrieval frun state Autbrities; 

seledim of road links for case studies. 
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(ii) shaving the locations of Class 1, 2 and 3 
-; 

( iii ) carriageay length of class 1, 2 and 3 roads by 

(iv) travel data of Class 1, 2 and 3 raads by road 
nurdxx and LGA; 

(VI available traffic grwth rate of Class 1, 2 and 3 
roadsbyrcadnmkerandLGA; anl 

list of locations of divided roads; 

o further telephone reminders to expedite processing of 

o receipt of data. 

2.2.2 

mis step involved reviewing crash histories receivBd f m  each 
State a d  processing the data in order to identify road links 
upon vhich greatest n& of fatal and injury crashes occurred. 

mis w s  was performd mually by observing the tabulations 
of crasks by severity (Fatal and injury), ICA and road n- of 
all F'umti-1 Class 1, 2 and 3 roads in the three year period 

road n m h r  and IGA; 

(vi) 

requests; and 

Rxiau and Analysis of crash Recards 

1984-1986. 

!the absolute nunker of crashes m s  used to define ruad links with 

crashes per kilmtre. 'Itis Mcator was ChDSen -use it 
would maximise the number of data points for the subsequent 

the p r e s t  safety record i n s w  of other indicatars such as 

correlation of crash a3cuTTeTK3e with raad pzmn-eters. 

mis process, although in this instance perform4 mually, wuld 
lend itself to autamtim, thereby increasing the efficiency and 
acxuracy of selecting links with poorest safety record. The main 
constraint, hcmwx, that needs to be m c a e  More autamtion 

States. At the mament all States have different reporting 
f m t s  altkqh m t  hold com~an informaticm. 

sample outp~ts of crash records obtained fran ach State are 

is possible is s- 'sation of crash m outpt€J Bmcng the 

StKWlIinI#3diXA. 

2.2.3 M d c m  of Rod Links for case shdies 
prior to selecting road links ~ c h  were suitable for the case 
stuaies, the road irrpmvwent history of links within the stuay 
period was considered. Cases where road parameters changed 
dramtically during the stdy period, e.g., by-pass construction 
or raad sealing, do not lend thenselves to case stuaies because 
another set of factors introduced by changed road p r m t e r s  
effectively reduce the number of available data paints. In other 
words, Q-ashes which occurred along the Btretch of road affected 
by W r k s  would wd to be further divided into pre- and post- 
roadwarks for their carrelation with road irnenw variables. 
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The need for roadwork information for candidate road links 
necessitated another formal request to States in which case 
stuiies were to be conducted, i.e., New south wales and Western 
Australia. 

The selectionuas then- of the road link along which m mjor 
inp-ts *re m& and which exprienced the greatest nunber 
of crashes during the stdy period. 
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3.0 W E  A RESULTS 

3.1 I N J x m m I o N F I M M ~  

The follming sumuarises the results of discussions held with 
State Road Authority officers with regard to crash record 
availability: 

0 

0 

0 

0 

0 

0 

all States except Queensland and Tasmania were able to 
provide crash report by road, LGA, crash severity, and year; 

Queensland, at the t h  discussions ere held, was able to 
provide crash record by Statistical Local Areas for the 
entire State and a detailed crash analysis in Warwick 
Region. A new crash data base (PHYW() is being created 
which will enable autumtic crash analysis on road links 
down to 1 km long and all intersections and includes 
Functional Class categories; 

'PaslMnia has its rn ranking systen based on a severity and 
frequency index, traffic volume and grokh rate of crash 
frequency. Each intersection and link is ranked and 
rankings are reviewed yearly. Although only ranked sites on 
crash score here cbtained, records of crashes by IGA and 
road nmker could be abtained; 

all states locate crashes by: 
- identifying the distance from either closest 

intersection, start of road, end of road, or LGA 
boundary for mid-block crashes; and - road names identifying the intersection for 
inimsectl 'on crashes; 

preision of crash locations varied frun State to State 
depdirq on the Police reporting practices; 

only Western Australia had a FUnctianal Class data field 
krporated into their crash data base and therefore only 
in hkstern Australia muld mash records be retrieved by 
Functional class. other states store mal road infomtion 
in crash data bases by State classifications, e.g.: 

- New south wales: - Freeways; - State Highways; - TNnkRoads; - MainR0adS;and 
- -1Rmd.S; 

- state Declared Highway;; - RuKalArterialRoads; and 
- OtherRmdS; 

- NationalHigtiw3ys; - other Highways; - MainRCad.5; and - Local Roads. 

- Victoria: 

- 
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A mnsequence of the discrepancies bet- NAASRA Functional 
Class and crash data base classifications is that the roads 
selected fran crash records m y  not exhaustively correspond 
to a particular Functional Class or group of Classes. A 
rnajor effort wuld be required to ensure that all roads 
which belong to a specific Functional Class are select& 
(particularly for Functicml CLasSes 2 - 7) since in mst 
States roads would need to be checked by individual n-s 
or ~m?s and LGRS against their Functional Class categories. 

For mre detailed descriptions of the relationship hetween 
NAASRA Functional Classification and other classification 
system refer to Chapter 5 of NAASRA (1983). 

3.2 CRAmREIJlRCcj 

3.2.1 Newsouthwales 

Table 3.1 shows a sumnary of those road links on Functioml Class 
1, 2 and 3 roads in New South Wales which experienced the 
greatest absolute number of crashes during 1984-86. The 
M o n a l  Class of each road was obtained by cross checking the 
road nurrhr on a KBB map of New south W e s  shming thin Roads 
system and Functional classes of Rwal Roads. 

The road link with by far the poorest safety record, both in 
terms of absolute number of crashes per LGA and crashes per 
kilanetre, is Pacific Highway (Road No. 10) in Coffs Harbour aid 
need. 

3.2.2 Victoria 

Table 3.2 s h  a sumnary of the highest ranking road links with 
respect to the nuber of fatal and i n j q  crashes occurring along 
m a l  Victorian State Highways. These roads represent m t  of 
the Functional Class 1 and 2. About 25 percent of Class 3 roads 
are classified as State Highys and the task of identifying the 
remaining 75 percent of Class 3 rcads is prohibitive since a 
mtch would need to be made by road - with a Functianal Class 
listing as no road nm&ers other than State Mlared Highway 
nlrmbers are available in the crash data base. 

The road link experiencing the greatest number of fatal and 
injury crashes is princes Highway ( m t )  in Corio, both in terrrrs 
of absolute number of crashes per LGA (109) and the n* of 
crashes per kilanetre (3.59). 

3.2.3 Queensland 

As Queenslard data did not break up crashes by roads and u;As, m 
analysis by road link was performed. Refer Appendix A for sample 
output fran gueenSlard data base. 





Ram IMAD 
NLPIBER WIME 

2550 HUE 

2510 Princes East 

2550 H U E  

2590 Midlard 

2510 princes East 

2510 princes East 

2550 nulre 

2530 Calder 

2510 princes East 

2510 princes East 

2500 princes West 

NLplBw OF CRASHES MME3E3 OF 
LCJL - CRm-ES 
Numm I G A M  FmAL IKSURY nrpAL IRGm (KMI PER rn 
615 - 9 83 92 76.49 1.20 

806 O r h t  10 81 91 171.23 0.53 

603 Benalla 11 42 53 86.34 0.61 

309 W P n g  5 21 26 30.47 0.85 

905 Pakenham 7 82 89 27.67 3.22 

856 mm11 5 74 79 9.43 8.38 

703 Chiltern 8 19 21 27.92 0.97 

454 Mildura 2 74 76 100.49 0.76 

857 Narracan 5 40 45 (1) 

809 'paonbo - 64 64 48.74 1.31 

106 Corio 2 107 109 30.40 3.59 

W 
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3.2.4 south Australia 

Crash data from South Australia was received too late to be 
incorprated in the analysis. 

Nevertheless, discussions with South Australia indicated that 
although the FUnctioMl Class data item is not attached to the 
crash data base remrd, all those roads which are maintained by 
the road authority have allocated road numbers and can be 
automatically cross-referenced to the road data base. Thus 
although the process is sawwhat time consuming, it is possible 
to obtain crash record by Functional Class. 

3.2.5 western Australia 

Table 3.3 shows number of crashes per LGA and crashes per 
kilanekre on road links with the greatest nmker of fatal and 
injury crashes during 1984-86. 

n7e largest nunter of crashes occurred alang the m e  Highway 
(Road N m h r  H3) in Dundas although this link does not exprience 
a large n m k r  of crashes per kilmtre due to its length of 
724.5llan. 

3.2.6 TaasMnia 

Tamnnia ranks rural locations along National Highways, other 
Highways and &in Roads on the basis of the crash score and 
frequency (refer discussion in Section 3.1). 

Table 3.4 skws the three highest rank4 locations in each road 
class and correspniing nlrmber of fatal and injury crashes. 

3.3 SEU3X'IC.N OF CASE SIUDIES 

TKI road links wxe required to be selected for correlation of 
crash locaticns with rcad inventory FarneterS. 

The States from which case studies were drawn are Western 
Australia and ~ e w  Smth Wales. Criteria for choice included: 

o availability of crash location records, and omptibility 
with rcad inventory reference system; 

availability of crash data by Functional Class; and 

availability of road inventory data. 

o 

o 

3.3.1 New south wales 

'IRree pssible road link candidates in New south Wales wxe: 

o Pacific Highway (10) in Coffs Harbour; 
o Pacific Kighy (10) in Twxd; and 
o H m  Highway (02) in Wing-ibee. 

0-1 the basis of rcad construction informtion received frun the 
kparbnent of Main Roads, New South Wales, the Pacific Highway in 
Coffs Harkox was selected for case stdy. 



?aBIE 3.3: HI- CRAS3 RDJ%(D RDAD LINKS IN WFSTERN AUSPRRLZA IN 1984-86 

1 
1 
1 

2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 

H6 
H6 
H3 
HlO 
H6 

M2 
H2 
M7 
H7 
H7 

M20 
Ml9 
M23 
S134 
M31 
M34 
S104 
M22 
M24 
M12 

4 
2 

603 
602 
1 

215 
211 
205 
803 
814 

814 
606 
215 
811 
419 
507 
215 
607 
213 
003 

Wydhaw=t Kimberley 
Halls creek 
lxldas 
Ccolgardie 
Brwne 

Murray 
-Y 
Busselton 
carnarvon 
Roebourne 

4 26 
6 27 
6 55 
5 14 
7 19 

5 35 
2 38 
6 30 ~~ 

2 32 
4 37 

N/A 23 
N/A 27 
4 13 
2 21 
2 4 
3 13 
2 9 
2 4 
2 6 
2 7 

30 (1) 
33 (1) 
61 
19 
26 

40 
40 
36 
34 
41 

23 
27 
17 
23 
6 
16 
11 
6 
8 
9 

207.29 
375.62 
724.51 
123.64 
474.77 

41.40 
42.52 
30.60 

402.67 
283.99 

25.80 
52.66 
14.62 

152.08 
30.49 
62.97 
38.97 
70.62 
75.16 
313.83 

0.14 
0.08 
0.09 
0.15 
0.05 

0.97 
0.94 
1.18 
0.08 
0.14 

0.89 
0.51 
1.16 
0.15 
0.20 
0.25 
0.28 
0.09 
0.11 
0.03 

I- 
Y 

Note (1) Carbind Halls eeek and W p h m E a s t  Kimb=rley II;As give 63 mashes along 582.91 km thus cbtdinirq 0.11 
crashes kilcmetre. 



CRASH 
3?wx MUNICIPALITY mTIm scorn 
?sLTIoMIL HI-Y RURAL 
1 Evandale Midland Highway 37 

Evandale Main Road 
Relbia Road 

2 westbury Bass Highway 36 
Drton Road 
Hwy Deviation Westbury 

3 Evardale Midland Highway 34 
Evandale Main Road 

WIRER HIGHWAYS RURAL 
1 ClarenCe msMn Highway 146 

Lidisfame Main Road 

2 zeehan Murchison Highway 60 
Clarrens street Rosebery 
kdyn Street Tullah 

3 waratah Murchison Kiqhmy 54 
waratah Highway 

KAINRQAOSRURAL 
1 Ionqford Cressy Main Road 17 

Illawarra Main Road 

3 Latrobe 

port Sorrel1 hin Road 14 
Pardce Dwelopnent Road 

Wrsey Win R m d  13 
Railton Main Road 
Wleton Fmad 

3 8 9 20 

1 8 7 16 

0 35 59 94 

1 12 29 42 

0 16 14 30 

0 5 4 9 

0 5 1 6 

0 3 4 7 
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The other candidate links were rejected on the basis of 
significant road inpr0v-t activity. l k  !IWzd Heads bypass 
m s  constructed along the Pacific Highway in !IWzd U% and saw 
12 kilometres of dual carriageway including sane bypasses w e  
anpleted along the Hume Highway in WingeCarik during the study 
period. 

3.3.2 western Australia 

The selection for the Western Australia case study m s  the Eyre 
Highay (H3) in Dundas LGA. 

Highway H6, within Halls Creek and up to its intersection with 
H11 in WyndhamEast W l e y ,  vas considered initially, but 
rejected due to major roadworks involving sealing and 
construction which took place along that stretch during the study 
period (refer Section 2.2.31. 

The rationale for selecting the H6 Highway in Dundas link 
includd the follcwring: 

o it provides sufficient length (724.51 kin) for the road 
inventory analysis; 

o it - r i d  the greatest absolute nunbsr of crashes in 
tk p i a 3  1984-86 in one municipality; 

o Western Australia road inventory and crash location 
r e p m  procedures are best suited for this analysis; 

o it is a National Highway joining Perth and Melaide; 

o roadworks carried out along this stretch in the period 
1984-86 are m i n l y  reconstructions and resealing, an3 are 
mnstrained to short sections. 

Furthemre, the reference system used to locate crashes in the 
Western Australia crash data base is identical to ths NAASRA road 
inventory reference system, thus facilitating the autamtic cross 
referencing of crash lccation and road parameters. 

and 



STUDY PHASE B 
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4.0 ~Rn;lvIRplaJrs 

This Phase utilised road pan&= data as recorded by NRASRA 
road inventory, and crashes which occurred along road links 
s e l d  as case studies in Section 3.3. 

Difficulties were experienced in analysing the crash data 
w t  to the Nsw case stw. 

Sections 4 and 5 cvver the !d?+ case study, i.e. the Eyre Highway 
in Dundas Shire, Western Australia. 

4.1 CREaRFCmD 

4.1.1 Data Itam 

Data itens available in the detailed crash history misted of: 

Refer Section 6. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

crash location and its error; 

date; 

t h ;  

day of week; 

severity (ccnprising four categories: Fatal, Injury, Major 
pD0 and Minor PDO); 

p a m t  condition (wet, dry or other); 

road a1i-t (curve, straight or other 

road grade (level, crest, slope or other 

light canditions; 

vehicle description; 

direction of involved vehicles; 

movement of vehicle; 

crash MtUe; 

cbjects hit; 

traffic mtrol; and 

location feature. 

4.1.2 Itens S e l e  for Analysis 

The analysis wd crash severity and the data iterrs d c h  were 
relevant to crash location and permanent road andition, -1y 
road qrde ami alignmnt. 
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4.1.3 Dab Forrnat 

A sanple crash data record which fozmed an input to the analysis 
is sham in A.5. 

!&e f o m t  of this standard outgut of detailed crash history is 
made up of six crash records per pge and nine 136-character 
lines p r  crash record. 

4.1.4 m r  in crash Iocaticm 

ltxxce are errors in the locations of crashes. 

n m h r  of crashes falling intc various error range categories 
is shown in Table 4.1. 

TABIE 4.1: CRAStI mTIm Emix RAtGE IN CRASH IiFmRD 

&ror Range No. of Crashes Proportion of 
(+/- km) c3raSheS 

0.00 
0.01- 0.50 
0.51- 1.00 
1.01- 3.00 
3.01- 5.00 
5.01-10.00 
10.01-25.00 
25.01-50.00 
' 50.00 

12 
69 
13 
25 
60 
1 
1 
5 
2 

6.38% 
36.70% 
6.91% 
13.30% 
31.91% 
0.53% 
0.53% 
2.66% 
1.06% 

mAL 188 100.00% 

As the Table shms, the majority of mashes (63 percent) are 
located within a 3 h  error range, 95 percent within a 5km range 
and scme 6 percent w e  located precisely. 

4.2 IMAD ItmENlmY 

4.2.1 Jhta Availability and Fonmt 

~n general, there are t m  types of road inventory available; 
continuous and sectionised. thereas the continuous inventory 
provides infomtion abut each road parameter as a change in 
that parameter mars, the sectionised inventory provides entire 
rcad information pertaining to each given section of the road. 

&le both inventories could be used €or the purpose of this 
study, the sectionised inventory was chosen because of its 
carpatibility with the chosen th? period for crash amlysis. 
rn particular, the sectionised rod inventory used for this stdy 
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h pxtxular, the sectionised road inventory used for this stdy 
was developcl for the Review of Road Vehicles Limits Study. The 
data f o m t  corresponded to that f o m t  used for the MIASRA Rod 
P l w  -1 (NIMPIY3). 

Each record, corresponding to one inventory section, ccolsisted of 
510 alpha-nmic chard-5. 

4.2.2 Data 1- 

A list of data items cqrising this Sectionised road inventory 
is shown in Appenaix C. 

Data item selected for the analysis on the basis of their 
relevance to the stretch of road under consideration m e  the 
follcwing: 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

distance frcm permanent Reference Point 1; 

fomtim width; 
surface width; 
horizontal road alignmnt; 
road grade; 
vertical CULve data; 
NAAsRA roughness mter reading; 
legal speea limit; 
average annual daily traffic; 
prqrtion of cars in daily traffic; 
numbsr of intersections; 
n m h r  of railway crossings; and 
n m h r  of bridges. 

length of section; 
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5.0 

The analysis of relationships betmen road inventory parameters 
and crash occurrence was performed in three steps: 

(i) 

(ii) 

IMAD INvem3Ry AND CRAM ANALYSIS 

a graphical or visual check of crash concentratim; 

mmparison of frequency of crashes with the proportians 
of corresponding road characteristics, including 
statistical considerations; and 

(iii) a multiple regression analysis of the mtribution of 
select& road pu-amters to crash axurrence. 

Each of these steps is described in detail belw. 

5.1 AC;RAPHICAL-?ON 

In order to identify whether black spots (with high concentration 
of crashes) occur, it is useful to represent the locations of 
crashes graphically along a given stretch of road. Such a visual 
test also all- imnediate location of any black spots. 

A ampater program, developed specifically for this analysis, was 
used to process both crash and road inventory data and produs an 
output representing the road as a continmu vertical Line to 
scale including marked locations of crashes and mrrespding 
road inventory data for each &on of the road. ibis output is 
s h m  in IIppendix D. 

As sham in this -le, graphical representation of the road at 
the smllest m k e d  interval is lkm long. Haever, if a high 
concentration of crashes MAS found, the prqram allows "zoCming 
in" onto a selected section of the road with sraller intervals 
thus all- a mre accurate identification of locations of 
crashes occurring alongthat section. 

The left hand side of the listing (shown in Appendix D) 
represents crash information including a pointer to their 
location, severity, n m k r  and the error of crash location. In 
the case &ere mre than one crash m a r s  at the same location 
the error sham currespnds to the largest error for all crashes 
occurring at that location. 

Road inventory data correspondmg to each section of the road is 
presented on the right harsd side of the printout. A legend of 
symbols used to aid its interpretation is included in PppendiX D. 

Road a l i m t  data, including horizontal and vertical. alignment 
and grade, is expressed in percentages of the road section 
length. ll-e exact length of each section can be &'mined by 
subtracting the distance murd fran permu7ent Reference mint 
1 (PRP1) fran the distance given in the preceding section. 
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5.2 OVERALL ANALYSES OF w n  AND ROAD CHAWLCTERISTIC 
m m  

5.2.1 Sunnary of Road Characteristics 

A sumnary of road aligMlent parmeters is SW Li Table 5.1. As 
the Table, shows the Eyre aighway in Dundas consists of 99 
p=rcent of straight alignment and 85 percent of flat ali-t. 
Most of t k  vertical ~urves are in the 70-110m design category 
ard mst of the road vertical grades are in the range bebeen 2 
and 6 p e n t .  

It can be seen frm the printout in IIppeMiix C that other road 
parmeters do not vary to a large extent. lple average annual 
daily traffic is 395 vehicles per day with about 213 of these 
being cars and the rest being light carmercial vehicles, trucks, 
&-trailers, or road trains. ‘Ihe legal spxd limit is llO)an/h 
for m t  of the road. There are very few (if any) intersections, 
railway crossings ard bridges along this stretch of Eyre Highway. 

The road roughness munt aid road width are discussed in Section 
5.2.3. 

5.2.2 crash SUmMzy Analysis 

A standard crash history summry o btainable fran the Main Roads 
kprtmmt Western Australia is shin in rrpPendix B. Tht? itms 
relevant to this analysis are crash severity and road 
aligrynent/grades. These three itens were analysd for the crash 
data set and the results are shown in Table 5.2. 

As the Table shcws, about 90 percent of crashes occurred on the 
straight stretches of road and 76 prcent on the flat aligMlent. 

5.2.3 Relationship Between Crash Occurrences and Road 

By ccrrssining the road inventory data with data of crash locations 
as sham graphically in Appendix D, it is pssible to describe 
the relationship betwen the frequencies of occurrence of road 
characteristics and crashes. Four road characteristics are 
considered; road roughness, surface width, vertical and 
horizontal alignment. It is possible, however, to perform 
similar analysis on any road parameter given in the road 
inventory (refer Appedix C). 

The -isons of NAIlsRA roughness wter reading and surface 
width with crash cccurrence are sham in Tables 5.3, and 5.4 
respectively. 

The proportion of road length within a given road parameter 
category gives an indication of the nlrmber of crashes which are 
expected to occur within that category by chance. A ccnparison 
between this number and the actual number of crashes which 
wcurred within that category provides saw infonration about the 
relevance of this road pararreter to crash frequency. 

Characteristics 
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CREST VERTICAL CURVE EATA 

Length (km) Proportion No. of curves 

‘70 Wi curve 0,110 0.02% 2 
70-110 law% curve 19.738 2.73% 152 

TOTAL 19.848 (2) 2.74% 154 

m G R A D E  

knqth (h) Prcprtion 

Flat (<2%) 615.721 85.11% 
2-6 % 63.191 8.73% 
,6 % 1.030 0.14% 

TOTAL 679.942 (2) 93.98% 

This total does not add up to the road length of 
724.51km because the first section in the road 
inventory commenced at the distance of 1.04km from 
F’em-anent Reference Point 1. Thus, this first section 
of m e  Highway was missing fran the road inventory 
data. 
These do not total 724.5h due to road sag vertical 
curves not being included in road inventory data. 
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'IWl'U NiMBER OF CRASES 

Crash Severity 
Fatal Injury m m A L  

N m h r  6 57 125 188 

hnportion 3.19% 30.32% 66.49% 100.00% 

ROAD ALIGWWI! IN CRASH RECORD 

N u m b e r  o f  C r a s h e s  % 
Fatal Injury rn m A L  

SIHAIm 6 52 112 170 
CURVE 0 5 11 16 
rn 0 0 2 2 

90.43% 
8.51% 
1.06% 

m A L  6 57 125 188 100.00% 

Razy) GRADE IN CRASH RECDRD 

N u m b e r  o f  C r a s h e s  % 
Fatal Injury pw TOTAL 

LFVEL 5 44 94 143 
CREST 0 2 7 9 
SLOPE 1 11 23 35 
rn 0 0 1 1 

76.06% 
4.79% 
18.62% 
0.53% 

TOTAL 6 57 125 188 100.00% 



RO=@UlffiS Road Length Proportion N u m b e r  o f  C r a s h e s  
counter (h) of mad Fatal Injury m m A L  

(= 30 
31-35 
36-40 
41-45 
46-50 
51-60 
61-60 
70 

23.65 
151.03 
63.47 
214.54 
52.97 
75.24 
121.46 
21.10 

3.27% 0 
20.88% 1 
8.17% 0 
29.65% 2 
7.32% 0 
10.40% 1 
16.79% 2 
2.92% 0 

2 6 8 
17 25 43 
2 7 9 
16 46 64 
1 9 10 
9 11 21 
9 19 30 
1 2 3 

TOTAL 723.46 100 .OO% 6 57 125 188 

<= 0.00 0.00 
6 M  554.34 76.62% 
l m  169.12 23.38% 
> 7 m  0.00 0.00 

0 0 4 4 
5 42 85 132 
1 15 36 52 
0 0 0 0 

m A L  723.46 100.00% 6 51 125 188 
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When comparing these proportions, however, statistical 
significance needs to be considered. appropriate statistical 
tests for tlus analysis are presented in Section 5.2.4. 

Although it is possible to analyse the contribution of road 
alignn-ent to crashes using a similar mthcd to that s m  in 
Tables 5.3 and 5.4 for road roughness and surface width, it is 
a m r i a t e  to d i n e  the aligMlent data fran crash record and 
alignmnt proportions fran the road inventory. !&e reason for 
this is tmfold: 

(i) most of the crash locations (94 percent) have some 
built-in error (refer Table 4.1); and 

sectionised road inventory does not precisely show 
which part of the road section corresponds to a 
particular alignn-ent but rather expresses aligrmwt in 
terms of percentage of the entire section. For 
example, within any section it m y  be kncxm that 20 
p r m t  of the section length consists of horizontal 
curves with design speeds in the range 80-90 kph. 
Hwsver, the precise location of these curves within 
the section is unknown. 

(ii) 

These two e l m t s  would have a canbined effect of introducing an 
UnknCMln error into a hypothesis that a particular crash occurred 
in a given road alignn-ent category. Although this error could 
have been reduced m t  by using a continuous road inventory, 
thereby eliminating the error capnent described in (ii) above, 
a continuous inventory €or Western Australia uas unavailable at 
the of the study. 

Since road aligrmwt data, ha+ever, is included in the Crash 
Record summq, the poprtions of these (shown in W l e  5.2) can 
be ccrrpared with road data (shown in Table 5.1). Ch&inhg the 
data from Tables 5.1 and 5.2 results are presented in Table 5.5. 

5.2.4 

The statistical significance of mnparisons of crash frequency 
and road parameters should be considered before meaningful 
conclusions are drawn about the contribution of these road 
prmters to crash occurrence. 

Foisson distribution of crashes was ass- in the statistical 
tests carried out (Langley:1968) and Walple a d  Wers (1978). 

Table 5.6 s b  the statistical prohbilities of m significant 
diEference between expected and observed number of crashes. 
Tkse results indicate that only road alignn-ent and road grde 
(slope and level) caq?arisons reached statistical significance. 

m i l s  of calculations of these tests are shown in Appendix E. 
Briefly, the Tables in Appendix E ccnpare the observed nun-ker of 
crashes on road lengths characterised by a particular p m t e r  
with the expcted number of crashes. For example, Table E3 shms 
that for road sections for which some proportion of the 
horizontal ali-nt is curved, the expected and observed nmber 
of crasl7es are 1.32 and 16 respectively. 

Statistical !Tests of Road and Crash Canparisans 
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Road Alignmnt &qth proprtion mtal P r w m  
(km) of Road W of of Crashes 

crashes 

.sixurn& 
Straight 718.375 99.30% 170 90.43% 
curve 5.096 0.70% 16 8.51% 

VERTICAL 

Flat 615.721 85.11% 143 76.06% 
Crest 19.848 2.74% 9 4.79% 
Slope (Grade) 64.221 8.87% 35 18.62% 

TAW3 5.6: SUMMARY OF ROAD CRASH STATISTICS FOR DIFFERENT 
IMADvAmAams 

Road Variable probability (PI of b&~ Significant 
Differ- Betmen Eqected(1) a d  
Observed N m h r  of Crashes 

Roughness : 
30 

31-35 
36-40 
41-45 
46-50 
51-60 
61-70 

> 70 

Road Width: 
6 m. 
7 m. 

Road Aligrment: 
Straight 
curved 

P ’ 10% 
P ’ 10% 
10% > P > 5% 
P ’ 10% 
P ’ 10% 

(2) 
(2) 

P ’ 10% 

1% ‘ P ,. 5% 
P ’ 10% 

P -2% 
P .2% 

Road Grade: 
Level P < .2% 
Crest P ’ 10% 
Slope P < .2% 

Note: (1) Expected number of crashes is derived from the 
prqmrtion of road with the particular characteristic 
king statistically tested. 

(2) hisson and ZJ test cannot be used in these cases since 
px 10 prcent ard x < 40. 
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!l'he w e d  n- of crashes is calculated by nukiplying the 
total n e  of crashes along the highway by the proportion of 
highway which is curved. Thus this represents the n-r of 
crashes which would be expected, on average, along such sectians 
if crashes were randomly distributed without bearing any 
correlation to horizontal mature. 

Application of the appropriate statistical test indicates a 
probability of no significant difference between the observed a d  
expected crashes is less than 0.2 percent. In other words, there 
is less than 1 chance in 500 that the observed number of 
crashes results from chance alone, indicating a higher than 
average crash occurrence on these road sections. On this 
evidence it d d  appear that horizontal curvature contributes to 
road crashes, and therefore m u r e s  Aich rduce road curvature 
could be expxtd to enhance road safety. 

5.3 LINEAR REGRESSSICPI ANALYSIS 

5.3.1 P r d l e  

The analysis described in section 5.2 has yielcaed results which, 
in a very broad sense, identify w a s  for rrrdifying the road 
and road enviromt to enhance road safety, insofar as: 

(i) the analysis ccmpares the observed nlrmber of crashes 
with the expztd n m h r  of crashes for road Sections 
characterised by particular parameters; a d  

the analysis detennines &ether the difference be- 
the observed and expected number of crashes is 
statistically significant. 

(ii) 

Having identified the parameters which most significantly 
contribute tcrrards road crashes, it becrrnes desirable to further 
quantify the extent to which irrprwements in the road enviroment 
will reduce crashes. For example, if a correlation between 
curvature and crashes is accepted, the question beccroes, to what 
extent should curvature be reduced such that the expected 
decrease in crashes justifies the cost of the rod rrodificatians. 
If it could be established that (say) curves with a &sign speed 
less than 50k.p.h. accounted for 90 percent of crashes on curved 
sections, this provides mre precise infomtion as to where 
fursds should be directed. 

The analysis described in the fell-g Section has at- to 
address this issue by us- the technique of multiple linear 
regression. 

Each data recnrd in the regression analysis corresponded to a 
road section as specified by the NAASRA road inventory, and 
consisted of one dependent and four independent variables 
p e a a m  to that road section. 'Rae four idepsdent variables 
were: 
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Mmmann Horizontal Curve - this is the srnallest radius 
horizontal curve (in terms of design speed) -ring 
in the road section; 

. .  (i) 

vertical curve - this is the mllest vertical 
curve (in terms of design s w )  cccurring in the road 
. .  (ii) 

sectim; 

Roughness - the ?WSRA roughness meter reading for the 
road section; 

(iv) ~axinnnn Grade - the largest grade (up or dram) for the 
TtE rationale for selecting these as the independent variables 
was based upon the analysis in Sedian 5.2, which indicated that 
horizontal and vertical ali-t, roughness and road width here 
candidates for further investigation. 

In the cases of horizontal/vertical curvature and grade, the 
minimUm horizontal a d  vertical curve, and mxhm grade within 
each road section m midered to be the mst apprqriate 
measures of these parameters. Although it would have been 
possible, for example, to have used the proportions of road 
length within each section which were ‘40k.p.h. curves, 40- 
50k.p.h. curves etc., this wwld have given an u r m i n a w l y  large 
number of variables. In the case of road width, this was 
excluded as only two values (i.e. 6m a d  h) ere ass- by this 
pramster for the entire road leqth examined. 

‘she deprdent variable was the probability of observed crashes 
for each rcad. sectim, &fined as: 

(iii) 

road sectian. 

-1 X 

X! 
pr (e cr-1 = e -------- ’ 1 (1) 
where x = the observed number of crashes in the road 

sectian; 

the msan (or expected) n-r of crashes in X = 
the road sectim; 

Total crashes m highys(2) 
- - x sectionlength 

W l M Y  lensth 

= 63/723.46 x section length 
This was chosen as the dependent variable because: 

Note: (1) ?his ass- that crashes are distributed accOnling to 

(2) property Earmge m y  crashes have been excluded. 
a poisson Distributim. 
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(i) previous attapts to correlate the number of crashes 
with rod paramters have s h m  that the relationship 
is not linear. It was therefore felt that scrne m- 
linear function of the n m b r  of crashes offered the 
best chance of detecting a relationship; 

(ii) the mjority of road sections had no recorded crashes 
during the study period. !RIUS, if the number of 
crashes was used as the deprdent variable, a data set 
wuld have resulted in hkich the mjority of values of 
the dependent variable w e  equal to zero. 

With the dependent variable configured in this way, the depdent 
variable wuld he expected to decrease as road conditions teamz 
more severe, as such road sections would be expected to 
exprience a higher than average nlrmber of road crashes ccrrpared 
to the overall m for the entire highway. As the difference 
bet- the overall m?an and observed crashes for a road section 
increases, the probability that the observed crashes result f m  
statistical scatter about the man decreases. 

It m s  anticipated that if a relationship tet- the &perdent 
and independent variables could be established, this would 
provide an aid in assessing the changes to the road environment 
which wwld m t  significantly reduce crashes. 

5.3.3 Analysis and Results 

Prior to the regression analysis, each independent variable was 
iniividually plotted against the de-t variable. This was to 
determine whether or not any of the independent variables, viewed 
individually, showed any relationship with the dependent 
variable. TIE plots are SW in Figures 5.1to 5.4. 

As can be seen frcm the Figures, the independent variables appear 
to shcw a randcan association with the dependent variable in each 
case. 

A stepwise regression of the dependent variable on the 
indepenaent variables was then performd. The results indicate 
that there is no linear relationship between the variables as 
selected, as the analysis yielded a correlation coefficient of 
0.17. 

Although there appears to be rn linear relationship be- crash 
probabilities and the selected road parameters, there is no 
evidence to suggest that sow other type of relationship m y  or 
m y  not exist. It is possible that a relationship could be 
developed through other transformations of the crashes, or crash 
probabilities (e.g. a regression of log (crashes) road 
parameters), although exhaustive trials m y  be required until a 
satisfactory relationship was f&. 

--re, it is questionable whether these variables lend 
themselves to such rigorous analytical techniques, or *tkr 
much sinpler (albeit Cruaer) analytical procedures, such as tbse 
SW in Section 5.2 and Appenaix D, are nure useful. 
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€m stated in Section 3.3.1, it was intenled that the phase B 
analysis muld include the section of the Pacific Highway within 
Coffs Harbour LGA, New South Wales, for the p i a l  1984-86. The 
decision to use the Nsw crash data was, in part, based upon a 
review of a document prduced by the Department of Main Raads 
(M) Nsw entitled "TYaffic Section. crash Statistics 1984 a d  
1985 m". ?he Division31 ranking statistics produced in that 
report (a copy of which is shmn in Appenaix F) qpared to 
associate each crash with a road section, suggesting that scire 
sort of cross-referencing procedure bebeen crash statistics and 
a road inmtory vas in place. 

?he analysis was to have proceeded along similar lines to that 
documented in Section 5 of this Report, in which accident 
statistics w e  crass-referenced with the NRRsRA road inventory 
for the section of the w e  Highmy within Dundas m, Western 
Australia. 

To this 4, the Consultant obtained fran the CMR, the following 
itens: 

(1) crash records for the section of the Pacific Highway 
being considered, for the years 1984-86; and 

(ii) the NAASRA sectionised rmd inventory for the study 
area. 

The analysis was to be based upon automatically (i.e. via a 
ccrrpxlter pragram) cross-referencing the crash data within the 
road inventory data. This would enable each crash to be 
associated with a section in the road inventoq so that m a d  
parameters (such as road width, horizontal and vertical 
alignment, etc.) at each crash lcxation could be identified. 

Upon examination of the crash records, however, it was 
irmEdiately apparent that such autmtic cross-referencing muld 
m t  be possible. 'Itis vas because of the ~thcii of identifying 
crash locations. Whereas the location of each road section 
defined in the road inventory is identified in terms of its 
distance from a datum referred to as the Pemment Reference 
Point, crash locations from the crash record are identified by 
their distance from roads intersecting the Pacific Highway. 
Without a data base which identifies the location of these 
intersections relative to the Permanent Reference Point, 
autamtic cross-referencirag kheen the two was not possible. 

Subsequent telephone conversations with officers of the 
Department of Main Roads, New South Wales, confirmed that a 
IMnual procedure for cross-referencing the two data sets would be 
necessary. It vas suggested that by m k i n g  each crash location 
on a rap of the study area, and then -uring its distance from 
the Penmnent Reference Point (the absolute location of which 
would be identified and marked upon the same map), crash 
locations relative to the road inventory could be identified. 
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A m p  of the Study Area vas forwarded to the Consultant by the 
m t .  ‘RE Consultant then proceeded with the mud 
cross-referencing. Ho.ever, m y  of the crash locations wuld 
not te identified as the identifying cross road was not rmrked CBI 
the map. In the case of crashes in non (provincial) urban 
areas(l), the majority of crash locations could not be 
identified. Table 6.1 slxxs the brwkdcm between identified and 
non-identified crash locations; note that d y  32 out of 112 
fatality/injury crashes (all years) in non-urban areas could be 

At present, the follming conclusions can be made regarding the 
NSW data: 

located CBI the map. 

1. 

2. 

3. 

Autcrn3tic cross-referencing of the Nsw crash statistics and 
road inventory data is not possible, with current data 
bases(2). 

tm~ual cross-referencinq of the crash statistics and road 
inventory data is not psible with the infomtion E& 
available by the CMR to the Consultant. 

Hanual cross-referencing of the crash statistics and road 
inventory data wuld be possible if doanwntation sufficient 
in detail to enable all crash locations to te identified 
were made available. This would, however, require a 
considerable cannibrent in term of labour resources(3). 

Note: (1) A S S ~  to be all crash locations with a speed Limit 
recarded as 100k.p.h. 

(2) Recent telephone conversations with officers of the DMR 
have confirmed that this is the situation at present. 
Haever, the consultant is advised that a pilot stdy 
for autamtidly cross-referencing crash locatims 
with road inventory using pnnanent reference pints in 
a system known as IMADICL: is about to ammmce. 

F relies upon m u a l  correlation of crash report f o m  
with a series of road maps and gazettes and is 
currently undertaken by the Traffic Authority of E)ev 
south males. 

(3) The Divisional Rankinq Pr-s illustrated in 



TABLE 6.1: OF IDWIFIED AND NX-IDEZ?ITFIED CRASH KJ2ATI0KSJsI PXIFIC HIGHHAY, Nsw 

I 
withdeaths/ I 
in juries I 

I 
crashes I 
loCated I 

No. of crashes I 47 52 99 

No. of atuve I 36 15 51 

I 
I 
I 
I 
I 
I 

58 36 94 I 32 24 56 

53 11 64 1 30 6 36 

I I I 
I I I 

Total crashes I 96 13 169 I 58 36 94 1 32 24 56 
W 
W 

Note: (1) h-arincial Urban ass& to be locations with speed limit recorded as 
(2) Non-urban a s s w  to be lccations with speed limit reorded as+lOOk.p.h. 

100k.p.h. 
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7.0 CKXLJJSIW 

st*: 
The fell-g conclusions were reached as a result of the Phase A 

Western Australia is the only State which has a facility to 
retrieve crash data autamtically by refer- to a ccm~afi 
pnranent reference system; 

all States except pleensland provide a breakdam of crash 
records by road and LGA. New crash data bases in 
Queensland, currently being developed, will have this 
facility; 

all States have unique crash report output fomts khich 
poses a constraint an autmtion of this process at present; 

autmtion of the Phase A process is possible, providing 
that either output forrmts are standardised or crash data 
processing ccquter prqram are adapted specifically for 
each State. The disadvantages of the latter option are its 
potential cost and constant updates as the State authorities 
change or update their data bases. 

With regard to Phase B, the Western Australian crash data proved 
to be suitable for autmtic cross-referencing with the road 
inventory. It was therefore a relatively simple procedlure to 
identify within which section of the highay, as defined by the 
road inventory, a partlcuLar crash has occurred, and therefore 
the corresponiirag road parameters (such as road width, roughness, 
etc.) pertaining to that location. 

It muld therefore appear that the data set w d d  readily lend 
itself to an analysis of the relationship between crash frequency 
and the road envirmt. S a w  difficulty exists in that the 
road inventory relates to road sections, within wfiich the precise 
location of certain pameters is unknam. For -le, for a 
particular road section it is known that 20 percent of its length 
consists of horizontal curves with design specis in the range of 
50-60k.p.h. It is also ham that an crash has occurred within 
this road section. However, whether or not the crash occurred on 
a curved or straight part of the road section is unknm, and 
atterrpts to correlate crash statistics with parameters such as 
horizontal and vertical curvature, and road grade, become 
Scmewhat subjective. 

Notwithstanding, useful infomtim was obtained fran the data 
set. As detailed in Section 5.2, it was pssible to c a p r e  the 
observed nlrmber of crashes with the expected number for road 
sections characterised by particular parameters, and determine 
the statistical significance of any difference bet- the tw. 
CEI this basis and for this particular data set, it was concluded 
that: 

(1) roughness and road width did not a p r  to have any 
effect u p  crash frequency; and 
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(ii) horizontal alignmnt and road grade appeared to have an 
effect upon crash frequency, insofar as certain road 
sections experience higher than average crash 
frequencies. n7ese road sections are those for which - proportion of the horizmtal aligrms3nt is curved 
or consists of grades greater than 2 percent. 

Attempts to further quantify the relationship between crash 
frequency and road envircsmwt prwed inrxmclusive (Secticm 5.3). 
This is not surprising, considering the inability to relate 
crashes and road p r m t e r s  to a precise laatim. 

If mre detailed relationships bebeen crash frequency arad road 
e n v i r m t  are to be established, it would first be necessary to 
produce a data base relating crash occurrence to the road 
envirmmnt at the precise location at wfiich the crash occurred. 
Rrrther wrk should be directed to this end. 
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APPENDIX A.l: 

Sample crash data output from New South Wales. 



TR4FFIC ACCIDENT REPORTING SYSTEM 

dRP VER 1.D 
ll.3b.kb 20 OCT 0 7  

____--_ --------- ------ 

ACCIDENT REPORT DEFINITION __- _--- - 
1 - LOCAL GOVERNMEN1 AREA (LGAl (DEFAULT) 
2 - LGA AMD STREET 
b - REPROCESSING EXISTING FILE 
R E P O R T  BY 11-61 1 5 

i I i K i o C T G 7 "  AYCh''rr'Nb uBJtL' 
-,'5 - OTHER PARPMETEP. 'wY., 

1 - 132 COL. BRIEF LISTING (DEFAULT1 
5 I1Y2 [K: E%'LkkiiiZ" - 4 - NO. A ClDEHT LISTING 

- - - m F a u L I  1 
b - BRLAKDDYN OF TOTALS 
7 - HISIOGRAHS 
B - EXTENDED HISTOGRAMS 
P R I N T O U T  OPTIONS 7 4 ~ 5  

OTHER OPTIOHS 7 Y - rn- 
L O C A T ~  C SORT BY THi FDLLOYIYG VALUES OF THE FIRST TRAFFIC U Y I T  SORT KEY ? 
PRINT EXTcNDED HISTUGRAM AT A PE4K NUMSER OF 7 

EB PRIDRIlY 7 0 
S U B M I T  BATCH O B  I Y I N I  DEFPULT-Y P N 
8ATCH JUTPUT # D  WAIT QUEUE IYINI DiFAUL7-N 7 . 

:RbFF c uqii SORT K c 7 i  ? Y ' ~ P E ~ ~ ? E ' G  fa:ktiF"kir N O  ? 

r P - 1  u t F A u L i - ~  I 

ENTE? 1UERY jTATEHENT 
? DEGREE-1 4.ID ACCDM2-1-0 AYD DAlE-D101E,-31128b 

ENTER OUESY STATEHENT 

RECOQD COUNTS I -  __ --, 
JUTP UT R E  C OR D S ii Y T i Fin Tb ' k i Le?: iG AD 1 
3UTPUT PiCORDS VQITTEN TJ F I L E  ARPTUD - 3378 

ii 
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APPENDIX A. 2 : 

Sample crash data output from Victoria. 
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APPENDIX A.2: 

Sample crash data output from Victoria. 
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APPENDIX A.3: 

Sanple crash data output from Queensland. 
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APPENDIX A.4: 

Sample crash tabulation from Western Australia. 





APPENDIX A.5: 

Sample detailed crash history output from Western Australia. 



D E T A I L E L .  A C C I D E N T  H I S T O R Y  

- ETEc!vnc.r-r FROM E f-- 0' OUTOFNTROL - BLDY out LOC F E A T  " 
?, ?; t-0031.12 

LIVERTURNS ON LEFT RDAO VERGfIFlPAfH - 

3 

0 

0 

f 

0 

a :  
i m :  



APPENDIX A.6: 

Ranking crash data output from Tasmania 





RUN DATE 01/10/87 T R A N S P O R T  T A S I I A N I ' A  PACE 1 
MIMIDS. RURAL. 84-6 

R W K I N O  OF T W  S O W  SITES - - 4 A N K m l ) h C I \ U L T D 6 L  
i$ 
Y '  

1 
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N b C S R A  R O 4 D  P L A Y N I N  
TABLE I I SECTIONIZED 9010 INVENTORY - D A T A  ITEMS 

RCFERENCE ITEM NO OF CMARbCTER PICTURE 
YUUOER MNEMONIC CHbRS DOSITIONS 

IDFNTIFIER-FIELDS , 

IOFNTIFIEQ bN0 SORT-KEY I T E M S  
2 1- 2 09 
R 3- 10 xxxxxxxx 

I RFC-TIDE 
7 POllTE 
3 R n N  n 1 1 -  18 xxx'xxaxx' 
6 PAP1 9 19- 2 7  x x x x x x x x x  
5 PLIP? 9 25- 36 X X X X X X X Y I :  
?. Y F n Q - I N V  YflNV, 4 31- 40 9979 
7 ?FCTlON-NO SECNO (1 61- r b  999999 

U LINK-SEO-NO LINKN?) 3 51- 53 Q V 0  
n C ~ S I - G D O U P -CODE c s r m p  A 67- SO 9979 

10 IIIST n 56- h l  3u099V909 
I I  C h G U  1 h7- 52 0 

12 ? T a l €  1 63- 63 9 

1 6  . i ~ a  3 h h -  h'l 999 

GFnlill4~w I C4L AND LEGLL CL ASS IF I CAT lON 1 TEVS 

13 nv*s 7 $6- 6 s  o a  

IS nwq.10 r 69- 7 L  999099 
I h  F T  I 75- 7s 0 
17 <LC i! 
I'( CLC i! 
10 aoEbC I P O -  80 9 
70 it1 4 HI- A b  9190 

76- 7 7  99 
IR- 79 01 

71 qr I e<- 85 
F1LLF.R 5 hb- 9 0  99999 

GFUERAL-PObD-DbTA 

BNO M4TERIBL CLASSIFICATION DbTn 
n 91- 98 99999v999 
1 99- 92 9 
3 i n n - i n ?  v w q  
I 103-103 9 
3 
I i q 7 - 1 n i  o 
3 Inn-110 99VP 
1 1 1 \ - 1 1 \  9 
7 117-113 O V Q  
1 ll.-Il4 9 
? 115-llh Q V 9  
3 Ilr-IIY 99\19 
3 izn-122 oqv9 

I V b - l O b  O Q V 9  

I 173-173 9 
1 12s-124 9 
I I?<-175 9 

G H O D ~ L  - N I H P A C  
FOR NIMDAC 

DESC41DTION OF ITEU 

RECOWO TYPE 101) 
ROUTE IDENTIFIER 



TARLF I I SECTIONIZED ROAD I N V E N T O R Y  - 
PEFEQFYCE ITEM N O  OF CVAUPCTER 
NUYmER PNEMONiC CHARS POSITIONS 

h2 
63 
64 
b5 

05 
h7 

69 
? O  
71 

h n  

rz 
73 
7. 
75 

L 
3 
L 
3 

3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 

4 

. 
0 

4 
3 
4 
3 
b 
3 
L 
3 
4 
3 

1 
3 
1 
3 
1 
3 
L 
3 

3 
L 

124- I29 
130- I32 
133-1 36 
37-139 
40-143 
44-146 

51-15) 
51-157 
5h-lh0 
hl-154 
h5-lh7 
be-I 11 
72-1 14 

79-1R1 
fl?-IRS 

186-lR9 

190-193 
194-1 9h 
1$1-200 
201-703 
201-?07 
208-210 
211-zlr 
215-217 
ZIB-Z,?l 
2ZZ-276 

rr-150 

Ts-irB 

~ 2 5 - 2 2 ~  
279-731 ~~ ~ 

232-23s 
236-230 
239-242 
243-iOS 
21h-219 
750-252 
253-256 
257-259 

PICTUUE 

OV999 
999 
-0v999 
990 
QV099 
979 
OVQ99 

ov9v9 
009 
OV909 
110 
9vv99 
999 
OV999- 
000 
9V099' 
9voo9 

9VQ99' 
009 
QV999 
009 
9v999. 
999 
9v999. 
909 
9v999. 
999' 

ovqq9 
999 
OVOQP. 
O?V 
ov9v9. 
900 
9V099- 
909 
9vvo9 - 
099 

Q10 

DESCRIPTION OF 1TEM 

PPOPOQTION OF LENGTH UITH CURVE S P E E D  €SS THAN &o UMlH 
N7J"HER OF CURVES W I T H  CURVE SPEED LESI THAU 40 KP/H 
P~flPORTION OF LENGTH WITH CUQVE S P E E D  N THE QANGE 160.501 KHlH 
NU'YER OF CURVES blTH CUllVE SPEED IN 1 E WA'JGE f A O v S O 1  KW/H 
PODPORTION OF LEVtTH WITH CU-VE SptEO IN THF RPYrjE l50.601 MM/H 
tllJ*hFQ OF .CllPVES W I T H  CURVE SV'tED IN T W f  UAwljE 150.hq) K M / H  
Pa!flPflQ71DN OF LENljlH WITH CUHVL S P E E D  IN T W F  H4NGE IhO.70) K*/H 
N W Y E R  OF CLIUVES UlTH CUHVE SPEED I N  T4E UANGE I h O i T O l  K m / H  
PqtlPOUTION OF LENI'ITH U I T n  CUQVE Sl'LFO IN THE R4YGE llO.RWl K M / H  
PJUruEQ nF CllPVES d l T H  CUUVL 5P'tEU IN THE UANGE 1711.Unl K V / H  
PUO~IJL'TION OF LFNGIW U l T n  CUUVE SWEEO IN THF Q4bIC-F IWO.PUI K M / M  
PIII4ktU nF CUPVES WITH C U U V E  S+LEL> IN THE )r&YGl IllO.'iUI K*/H 
P4OPOSTION OF LENlrTH d l T H  CllHVE SPkEO I14 THF UbNGE 1YO.lOOl KMIH 
NUHHEP OF CUPyES W I T H  CUUVL SPtED IN THE U4NGE I O O ~ l O D )  K*/H 

NU49FD OF CURVES W I T H  CUUVE SPEED IN TdC UbNGE I100.1101 U U / H  
PUltPORTlON OF LtNGTH ulln STRAIGHT ALIGNMENT 
PRl!13>qT10N OF LENGTH d I T H  F L A T  ALIUNHSYT (I.E. GRADES LESS T H b N  2%) 

PdOPORTION OF LENljTH d I f H  UP GMADES IN T H E  RANGE 12.41 1 
NUWHER OF UP QHADLS IN TH€ RANGE 12.41 n 
PUOPORTTDN OF LENGTH W I T H  UP GHbVES IN THE RAVGE f1eb1 C 
NU4HEq OF UP GRAOCS IN THE YANUE Ik.61 % 
PUOPORTION OF LENGTH WITH UP GHLDES IN THE U A N W E  16.81 
NUHQEn OF UP GR4OtS IN THE ULNGE Ib.RI % 
PHOPOQTION OF LENGTH U I T n  UP GUbDES I N  THE RANGE I b r l O l  I 
NU.(bER OF UP GU4OES IN THE RbNUE 18.10) '& 
PROPORTION OF LENGTH ltlTH UP GHADES GUEATER THAN OR EOUaL TO 1011 
NUMHER OF UP GR4OtS GREATER THAN OR EQUAL TO 10% 

PR9POYTlON OF LENGTH UITH DOWN GfJbDES IN THE R4NGE 12.41 S 
NUMPER OF DOWN GQAUES IN THE HINGE 12.41 R 
PUOPOQTION OF LEN6TH W I T H  U O U N  GuAUC.5 I N  THE RANGE 14.61 ? 
NUUHED OF OCYN W A D E 5  I N  THE HANGE 11.6) X 
PHUPOQTION OF LEHGTH UITH OOIlN GRAOES IN THE P4NBE 16.R) I 
NUYHER OF DOWN OQAIJES IN THE R b N G E  lb.81 0 
PROPOUTION OF LENGTH UITH OOxN GRAIJES Ih THE RANGE l8.101 '1 
N W S E R  OF DOWN GUAOES IN T H E  U4NtiE (8.101 U 
P U O P ~ U T I O N  OF LENGTH uITn UOYN G U A O E S  GUEATE'I THAN OR EQUAL TO 10% 
N U W E R  OF UOWN GHLOES GUEbTER IHbN OU EUUAL TO 10. 

P U O W R T I ~ N  nF L E N G T H  u I T n  cuavE W E E O  I N  THE W L N G E  1ioo.1101 mw/n 



N A A S R I  R O A D  P 
TLRLE I 1 SSCTIONIZED ROAD INVENTORY - 

VERTICAL-CURVE-DATA 
76 PJLTSO PVNVII .I I 
77 WVLTSO PVNV 12.1 I 
78 PV5n6W P,VNV I 1 I 2 I 
79 NV5nhO PVNV (2.21 
P O  Pvhnlo PVNV 11-31 
R I  NVbn70 PVNV f 2 ~ 3 I  
~7 P V ~ O ~ U  F V V V  r 1 .4 1 
n 3  u v t o e n  PVNV [ ? e 4 1  
n l  ~v'n9n PVNVl I,SI 
85 uvvn9n U V N V  I ?  -51 
86 pv"niu PV'IYII .O, 
UT r v n n ~ ?  PVNW (2-61 
n u  D V I O I I  PVNVI 1.71 
R 9  N V l O l l  PVNV f2.71 
90 Pvr;f1 I PVNV I I .HI 
91 VV5fII PVNV I2,HI 
O? F4OVHC . ROAD RlUEASlLlTY O A T A  
9 3  PI)T 

9 14 DY f b R  
a5 PSY 
-6 SYEAR 
9 7  5fIPFR 

- 98 NQHYR 
99 N R M  
DQ A 1"lbbE -RELATED DhT A 

ion Y A P I P  
101 UATDAF 
102 YOA 

I03 CIILVA 
CULVERTS 

104 NCIILV 

NO OF C H A U ~ C T E R  
CHARS POSITIONS 

4 ' 260-263 
3 264-26b 
4 267-270 
3. 211-273 
4 274-277 
3. 278-2HO 
4 ?R1-?Rb 
3 2n5-787 
4 2IiR-?'I 
3 297-??6 
4 295-798 
3. 29')-301 
4 302-305 
7. 306-308 
4 309-312 
3 313-315 
4 316-319 

I 320-320 
4 321-324 
2 3?5-326 
4 321-33n ~~ 

2 331-332 
4 333-136 
3 337-339 

4 340-3.3 

4 3 4 R - 3 5 1  
4 3 b b - 3 6 7  

n 352-359 
3 360-362 

cLnclnw A y s  
I03 FLFINTH 6 363-368 
lOh M F L W P Y  3 369-371 
107 tIFFPRY Z 372-373 
ion NFOUD 2 314-375 
in9 N C W S  7 376-371 

s a i n w s  
110 M w D T R R  z 378-379 
1 1 1  NOTMMR 2 3HO-3fll 

L A N . N I N O  M O D E L  - N I W P A C  
DATA ITEMS F O R  NIMPAC 

PICTURE DESCRIPTION OF ITEM 

9v999 
999 
9v999 
999 
QV999 
990 
9v99v 
909 
9v999 
999 
Q V 9 9 9  
q o o  
QV799 
9 n 9 
9v999 
919 
9V099 

0 
9099 
ovo 
9979 
99 
9999 
099 

qv919 
9v999 
OV999 

PROPORTION OF LENGTH WITH VERTICAL CURVES LESS THAN 50 KW/M 
NUURER O F  SUPWIT VC'S WITH SPEED LESS THAN 50 KH," 
PQOPOPTION OF LENGTH W I T H  VERTICAL CURVES IN THE RANGE tS0.60) KMIH 
Nll'WEQ OF SllNHIT VC'5 WITH SPEED IN THE U4NGE 1 5 O ~ h D I  KYIH 

NlJYUE9 OF S U M r l T VC1S UITH SPkEO IN THE UANGE [ h O ~ l O l  KW/F 
PQO!'O9TInN OF LENGTH U I T H  VERTICAL CUGVtS 1N THE MANGE 170.80) KHIH 
NlI*UER OF S U W W I T  VC'S W I T H  SpEEO IN TUC M A N G E  [TO,nOl K*/H 
P*nQflRlION Of LENliTH WITH VtRTICAL CU.1VLS IN THE LlANtiE (d0.90) K M l H  
NUHHEP @F SUNHIT VC.5 V l T H  SPEEU IN THE *Aflt;E 180.9UI R*/H 
P*OPORTION OF LENGTH UlTH VEHIICAL CUQVLS IN T U €  WaNGE IYO.1001 KMIH 

PUOPOQTION OF LENljTH d 1 1 H  VERTICAL CUWVtS IN THE UANGE lln0,1101 KH/M 
IIIIHdER OF S11*uIT V C I S  W I T H  SPEED IN Te-; RANGE 1lil0~110) KuiH 

P H O P O R T I ON OF L E N G T H  ~ I T H  V E R T I C A L  cunvts I N  THE R A N G E  160.701 w / n  

N U W E R  OF S U W X T  vc.5 ufrn swco I N  1.c ~ A N G E  ( ~ O . I O C I  KN/H 

P w n v n u ~ i o N  OF L E N G T H  wiirl V E R T I C A L  cunvts G R E A T E R  T H A N  O R  E U U A L  TO 1 1 0  Krln 
N L N W R  OF S I I M H I T  V C ~ S  u i i n  SPtED GncArcu TtiAv nu E U U A L  TO I I O  K n m  
PHOPORTIOH (IF LENGTH MHICH HAS NO VERTlC4L OR HOHIZ CURVtS 

PAVEMFNT DATA TYPE 
YEhR OF fRE)CONSTMUCTlOh OH P ~ V I N G I P E S H E t T I N G  

Y E A R  OF fllRFACING/HE5U~FACING 
SUHFACE R A T  ING 
YEAR OF H U M  READ1NGIP.S. RATINO . 

NUASqA POUGhNESS hE!ER READING ICOUNTSIUHI 

PHOPQRTION OF LENGTH UHlCH HAS RIPPABLE ADJACENT MATERIAL 
PUOPORTION O F  LENGTH WHICH HAS UNTRAFFICAHLE ADJACENT MbTERlAL 
PROPORTION UF LENGTH WHICH HbS AOECUATE MINOR ORAlN4GE 

"PRESFNT" SEPVICEIHILITY UATING 

09999999 T O T A L  YbTERWAY A R E A  FOR CULVERTS IN THE SECTION 1SQ.M) 
999 NUHllER OF CULVEUTS IN THE SECTION 

949999 TOTfiL LENGTH OF F L O O D M A Y  IN THE SECTION (HI 
999 NU9BER OF Fl OODYbYS 
99 NUMBER OF FEUHIES 
09 NUULIER OF FORDS 
99 NU*hFR OF CAUSEbAYS 

99 
99 

NllMbER OF 5RIOGE5 OVER WATER 
NUURER OF HRIDGES N O T  OVER YLTER 



40 

In order to increase readability of the printout included in this 
report the following symbols and abbreviations are &(l): 

Inj. = Injury Crash 
Fat. = Fatal Crash 
m = Property Darrrage Only Crash 
PRPl = F'ement Reference Point 1 
-e ' 80 = olnre with 80lan/h design 
NUIT = Average Annual Daily Traffic 

= vehicles per day 
= Horizontal Curve 
= Vertical Curve 

vpd - 
.. 
/§ = UpandD3wnGrade 
X = Intersection 
# = Railmy Crossing 
I[ = Bridge 

Note: (1) Refer also to discussim in Section 3.1. 



N A A S R A  R O A D  P L A N N I N  
TARLF I I S K T l O N f Z E D  UOAD INVENTORY - D A T A  ITEMS 

RFCEQENCE ITEM NO OF CHAQACTER PICTURE 
'NIIWER MYEMONIC CHARS POSITIONS 

4 
4 
1 
I 
1 
1 
I 
1 
I 
1 
1 
3 
3 

3 
3 
.3 
3 
3 
b 
4 
1 

382-3~12 
3R3-393 
3A4-304 
3PS-397 
3RR-391 
392-39s 
396-399 
400-400 

402-402 
403-rO3 
404-404 

606-605 
4OT-*07 
b O A - 4 0 8  
409-41 I 
412-6 I4 

415-4lb 
4 IT-. 18 
419-120 
421-422 

423-424 
475-42b 
421-428 
479-430 

431 -432 
433-b3& 
435-636 

43v-440 

4 4 1 - L k b  
b45-450 

451-454 
455-460 
4hl-664 
465-470 
b 7  1-676 

4n1-401 

bn5-605 

a 3 i - 4 3 ~  

- 

+ ~ s - r o n  

ani-6113 
4M'-486 
401-4U9 
b c! O -4 V 2 
b93-b9% 
4Ph-*99 
5on-so3 
50"-510 

9 
9 
P 
999 
9v999 
QV999 
wv999 
9 
9 
9 
9 
9 
9 
9 
9 
q 
99v9 
999 

99 
99 
99 
99 

99 
99 
9 q  
99 

99' 
-9 
99 
99 
q v  , 

9999 
999999 

9990 
99999v 
99Q9 
099999 
9999 
919999 

vv9a 
v999 
v999 
vo99 
v919 
9909 
a999 
9999'190 

0 Y O D E L  - N I M P A C  
FOR NIYPAC 

DESCRIPTION OF ITEM 

NUMAER OF CARRIAGEWAYS 
OPEnATIONAL CLLSS 
DEGREE OF ACCESS CONTROL 
LEGAL SPEED LIMIT IKMIHI 
P Q W O R T I O N  OF LENGTH FOH WHICH KERUS EXIST - LEFT 
P~IlFl~RTIOY OF LEtIGlH FOU WHICH K E R H S  EXIST - RIGHT 
STINnlNC. ALLOrED A.M. PEAK - LEFT 
STANIIINC. ALLOWED P.M. PEAK - LEFT 
STbPJOlNC. ALLOUEO OFF-PEA< - LEFT 
Sl4YnlNG A L L O ~ C D  A.M. PEAK - MIGHT 
5T4NlllNTr ALLOWFD P.H. PCAK - HIGH1 
TYPI: OF nFF-CFNlQE OPERATION 

pwpnr(iiow OF LEYGTH F O R  rnicn K E W S  C X I S T  - LEFT 6 RIGHI 
S T A M O I N G  bLLovco OFF-DEAI( - R I W T  

.- 
IYU4'IER OF UNSIGNALIZED PEOESTIIIAN CROSSILIOS 
HUWiE9 OF PEI)ESlHIAN CHOSSINGS WITH SIGNS ONLT 
N1l"llEQ OF PFOESTRIAIH CROSSINGS W I T H  FLASHIYG LIOHTS 
NUYllER OF PEOESTRIAN CHOSSINQS WITH PEDESTRIAN-OPERATED STOP-00 SIGNALS 

N'JMHER OF INTERSECTIONS *ITH NO TUAFFIC CONTROL 
WUL(hE9 OF I N T E W S ECT~ONS rlTH 'GIVE UAY T O  R I G H T I  RULE 
nl19NER OF INTEQSECTIONS ll7H STOP/GlVE-#AI SIG&S 
NUqqER CIF INIERSECTIONS *lTH STUP-GO SIbNALS 

UUMUER OF RAILW4Y LEVEL CROSSINGS YlTH NO WARNING OEVICE 
NIIMMEQ OF RAILWAY LEVEL CROSSINGS YlTH SIGNS/WARK:NGS ONLY 
NIJYIIER OF RAlL#.Y LEVEL CUUSSINGS WITH WIG-*A,OS OR FLASHINO ClOHTS 
NUM*!iq OF QAlLN4Y LEVEL CROSSINGS W I T H  tlOVU RAQRIERS 
NIl.lMER OF RAILWAY L E V E L  CRUSSINGS U I T M  GATES 

YEAH OF AADT 
LMNUAL AVERAGE DAILY TRAFFIC FOll YEAR OF A A 0 1  ~VEHICLES/OAT) 

YEAn I OF TRAFFIC FORECAST 
THAFFIC FORECAST FUM YEAR 1 lVEHlCLES/OAYl 
Y E W  2 OF TRAFFIC FORECAST 
TRAFFIC FOr(EChS1 FOR Y E A R  2 lVEHlCLES/OAYl 
YEAR 3 OF TRAFFIC FORECAST 
TRAFFIC FOllFCAST FOH YEAH 3 (VEHICLESIDIYI 



01c OR ox LztS )~dn56E 

-->- 

-->- 

-->. 

-->- 

-->- 

-->- 

-->- 

29't -/* 

~ 1s 
. 05 
6t 

- 89 - Lt - 9t 5C 
. tt 
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52 
53 

89 
90 
91 - 
92 ~ 

93 - 
94 - 
9 5  - 
96 - 
97 ~ 

98 - 
99 - 

100 - 
101 - 
102 . 
103 - 
104 - 
105 . 
106 . 
107 . 
108 - 
109 ~ 

110 . 
1 1 1  - 

<I- 1 Inj. 

<=- 2 Inj. 

[+/- 1.981 

56.24km 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 n  9r Rough- 71 llOk/h 395vpdI 54%) x0 X.0 I C O  
57.35km . 0.0% O.O%^ 0.0% O.O%/\ 0.0% 0.0% 6m  9n Rough- 71 llOk/h 395vpdI 54%) rO no 110 
57.73kn - 0.0% 0.0%- 0.0% 8.8%/\28.3% 0.0% 6 m  9. Rough- 6 5  llOk/h 395vpdl 54%) x0 10 3CO 
59.32km 0.0% 0.0%" 0.07. O.O%l\ 0.0% 0.0% 61 9- Rough= 65 llOk/h 395vadI 54LI YO SO 1CO _ _  ... ~~~~~~~~ ~~~~ ~ ~ ~~. ~.~~~~ ~~ ~~~~ ~~ ~.~ ~~ ~ 

59.95km - 0.0% 0.0%- 0.0% 7.0%/\ 0.0% 0.0% 395vpdl 54%) x0 10 IC O  
60.59km - 0.0% 0.0%- 0.0% 7.2%/\55.9% 0.0% 6 m  9n Rough- 68 llOk/h 395vpdl 54%) x0 10 1CO 
61.70km . 0.0% 0.0%- 0.0% 0.0%/\100% 0.0% 6 m  9 m  Rough- 68 llOk/h 395vpdI 54%) xo PO 1[0 

63.70km 0.0% 0.0%- 0.0%11.3%/\11.3% 0.0% 6. 9 m  Rough- 68 llOk/h 395vpdI 54%) x0 #O It0 
65.30km -. 0.0% 0.0%- 0.0%17.0%/\34.0% 0.0% 6- 9n Rough- 6 8  llOk/h 395vpdl 54%) x0 SO ICO 
66.30km 0.0% 0.0%- 0.0% 4.8%/\24.2% 0.0% 6 m  9 m  Rough- 6 8  llOk/h 395vpdl 54%) rO 10 3[0 

6 m  9 m  Rouih- 6 5  llOk/h 

73.30km 0.0% 0.0;:- 0.0% 5.3%/\15.4% 0.0% 6 m  9m Rough- 68 llOk/h 395vpd( 54%) x0 HO ICO 

75.13km - 0.0% 0.0%- 0.0:: 9.3%/\ 0.0% 0.0% 6 m  9m Rough= 68 llOk/h 395updl 54x1 xo no I C O  

77.64km - 0.0% 0.0%- 0.0% 5.5%/\37.4% 0.0% 6 m  9 m  Rough- 6 5  110k/h 395vpdl 54%) x0 SO ICO 

[+/- 4.621 

100.76km 0.0% 0.0%- 0.0% 0.0%/\76.4% 0.0% 6 m  9 m  Rough- 78 llOk/h 395vpdl 54%) x0 LO ]CO 
102.03kn 0.0% 0.0%- 0.0% O.O%/\lOO% 0.0% 6 1  9 m  Rough- 78 llOk/h 395vpdl 54%) x0 10 ICO 

105.25kn -.O.O% 0.0%- 0.0% 1.6%/\98.4% 0.0% 61 9 m  Roush- 58 11Ok/h 395vpdl 5421 x0 10 1CO 
105.89km 0.0% 0.0%- 0.0%25.5%/\ 0.0% 0.0% 6. 9. Rough= 58 llOk/h 39EvpdI 54x1 x0 WJ ]CO 
106.40kn - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6- 9 m  Rough- 58 11Ok/h 395vpdl 54%) x0 LO 110 
106.75km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  91 Rough- 70 llOk/h 3!5vpdl 5421 rO U0 1[0 
108.20ka -. 0.0% O.O%^ 0.0% 4.0%/\ 0.0% 0.0% 6. 9 m  Rough- 70 110k/h 3'.5vpdI 54%) x0 10 1[0 



112.11xr - 0.0% 0.02- 0.0% O.O%/\ 0.0% 0.0% 6m 9n Rough- 70 110klh 395vpdC 54%) x0 PO ICO 
112.Blkn - 0.0% 0.0X- 0.0% O.O%/\ 2.4% 0.0% 6n  9 m  Rough- 70 llOklh 395vpdl 54%1 x0 #O ICO 

117.48k.m - 0.0% 0.0%- 0.0% 0.0%/\54.2% 0.0% 6. 9. Rough- 70 ll0klh 395vpdl 54%) x0 10 ICO 
117.96km -. 0.0% 0.0%^25.9% O.OX/\63.0% 0.0% 6 m  9. Rough= 70 110k/h 395vpdC 54%) x0 DO ]CO 
118.23km 0.0% 0.0%- 0.0% 0.0%/\84.4% 0.0% 6m 9 m  Rough- 63 11Ok/h 395vpd( 54%) x0 WO 1CO 
118.55km - 0.0% O.OY^ 0.0% 3.2%/\ 7.9% 0.0% 6n 9r Rough- 63 110klh 395vpdC 54x1 rO It0 ]CO 

123.60kr 0.0% 0.0%- 0.0%11.8%/\23.5% 0.0% 6m 9 m  Rou#h= 63 110klh 395vpdl 54%) x0 A0 110 
125.30kr - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6m 9m Rough- 63 110klh 395vpdl 54%) x0 110 ICO 

126.80km - 0.0% 0.0%- 0.0% 0.0%/\31.4% 0.0% 6. 9 m  Rough- 63 llOk/h 395vpdl 54%) x0 a0 110 

130.34km - 0.0% 0.0%- 0.0% 9.7%/\25.7% 0.0% 6- 9m Rough= 57 11Ok/h 395vpd( 54%) x0 PO ]CO 

139.68km -. 0.0% 0.0%- 0.0% 7.4%/\14,1% 0.0% 6m 9 m  Rough= 59 11Ok/h 395vpdl 547.1 x0 BO 3CO 

146.66km 0.0% 0.0%- 0.0%22.0%/\76.0% 0.0% 6m 9 m  Rough= 53 llOk/h 395vpdl 54%) x0 U0 ICO 
150.16km 0.0% 0.0%- 0.0% 6.0%/\44.0% 0.02 6 m  9 m  Rough= 54 110k/h 395vpd( 54%) x0 10 ICO 
151.16km -. 0.0% 0.0%- 0.0%15.7%/\41.2% 0.0% 6m 9m Rough= 69 llOk/h 395vpdl 547.1 x0 80 1[0 

154.15km 0.0% 0.0%- 0.0% 0.0%/\32.0% 0.0% 6r, 9. Rough- 54 110k/h 395vpdl 54%) XO 110 ICO 

156.65km - 0.0% O.O’/.̂  0.0% 6.9%/\12.7% 0.0% 6m 9 m  Rough= 6 3 llOk/h 395vpdl 54%) XO PO ]CO 

[+/- 0.501 
C+ / -  4.621 
l+/- 0.501 
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1235 . 
I236 ~ 

!237 ~ 

:238 - 
1239 . 
1240 - 
1241 - 
I242 . 
i243 . 
!244 . 
,245 - 
i246 . 
:247 ~ 

:248 - 
1249 . 

i :250 
:251 
:252 
i253 
:254 
1255 
1256 

:250 ~ 

:251 . 
:252 . 
i253 . 
:254 - 
1255 . 
1256 - 
1257 ~ 

1258 . 
259 
!260 I 
I261 - 
;262 - 
1263 . 
1264 . 
,265 . 
:266 
267 . 
268 . 
,269 - 
270 ~ 

.<I- 1 Inj. 

1257 ~ 

1258 . 
259 
!260 I 
I261 - 
;262 - 
'263 . 
.264 . 
265 . 
266 
267 . 
268 . 
269 - 
270 - 

238.50km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  9. Rough= 76 110k1h 395vpd( 54%) xO XO It0 

240.00km 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough- 76 110k/h 395vpd( 54%) x0 10 110 
240.08km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6m 91 Rough- 41 110k/h 395vpdl 54%) x0 U0 IIO 

242.83km -. 0.0% O.OX^ 0.0% O.O%/\ 0.0% 0.0): 6m 9 1  Rough- 6 4  llOk/h 395vpdl 54%) x0 PO ]CO 

246.49km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6m  9- Rough- 71 110k/h 395vpd( 54%) x0 NO 3CO 

247.99km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 n  9 m  Rough- 82 110k/h 395vpd( 54%) x0 PO 1CO 

249.99km -. 0.0% O.O%^ 0.0% O.O%/\ 0.0% 0.0% 6m 9 1  Rough- 72 110k/h 395vpd( 54%) x0 #O ICO 

.<I- 1 Inj. 

255.99km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.08 6m 9 m  Rouxh- 6 2  110k/h 395vpdl 54::) x0 NO 1CO 

,274 ~ 

,275 - 
.276 - 

263.48km 0.0% O.O%'.̂  0.0% O.OX/\ 0.0% 0.0% 6m 9 m  Rough- 81 11Ok/_h 395vpd( 54%) x0 PO ]CO 

264.98km 0.0% O.O%^ 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough- 52 110k/h 395vpd( 54%) x0 NO 110 
[+I- 0.501 

:;:: j 
.276 

270.48km 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough- 57 llOk/h 395vpdl 54%) x0 N O  ]CO 

[*/- 0.991 272.00k1 -. 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6. 8 m  Rough- 57 110k/h 395vpd( 54%) x0 PO ]CO 
212.20km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6m 81 Rough- 57 110k1h 395vpd( 54%) x0 PO ]CO 
272.98km -. 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  8 m  Rough- 40 110klh 395vpd( 54%) x0 PO ]CO 
274.98km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.02 6 1  8 m  Rough- 44 1lOk/h 395vpdl 54%) x0 #O It0 
276.47km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6- 8m Rough- 40 llOk/h 395vpd( 54%) XO PO 1c0 

c+/- 4.011 

280.97km .. 0.0% 0.0%- 0.0% O.OX/\ 0.0% 0.0% 6 1  Bn Rough- 51 11Ok/h 395vpd( 54%) x0 U0 ]CO 
282.47km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  8. Reuch- 41 IlOk/b 395vpd( 54%) xO NO ]CO 



292 . 
293 . 
294 . 
295 ~ 

296 ~ 

291 . 
298 ~ 

299 . 
300 . 
301 . 
302 . 
303 . 
304 - 
305 . 
306 ~ 

301 ~ 

308 
309 ~ 

310 - 
311 . 
312 
313 . 
3!4 . 
315 ~ 

316 . 
311 - 
318 - 
319 . 
320 - 
321 - 
322 - 
323 ~ 

324 - 
325 . 
326 - 
327 . 
328 - 
329 . 
330 ~ 

331 - 
332 ~ 

333 - 
334 - 
335 - 
336 . 
337 
338 . 
339 - 
340 - 
341 - 
342 . 
343 . 
344 . 
345 . 
346 - 
347 
348 . ::: 1 
351 

- < I -  1 Fat. 

.<=- 1 Inj. 

-<-- 1 InJ. 

- 

296.00km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough- 41 
296.24km * 0.0% O.O%^ 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough= 53 
i97.73km * 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6n 9m Rough- 36 

302.23kn ~ 0.0% O.O'/.̂ 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough- 46 

lOk/h 
10k/h 
10k/h 

10k/h 

303.73km ~ 0.0:: 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough- 38 11Ok/h 
305.23km 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6. 9 m  Rough= 37 llOk/h 

306.73km * 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% b m  9 m  Rough;. 69 llOk/h 
307.73km 0.0:: 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  9m Rough- 41 IlOk/h 

10k/h 310.23km 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6m 9 m  Rough. 53 

[+/- 0.991 

313.13km - 0.0% O.OX^ 0.0% 3.0%/\ 0.0% 0.0% 6 m  9 m  Rough- 30 

315.73kn ~ 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough- 36 

lOk/h 

10k/h 

324.23km . 0.0% O.OX^ 0.0% O.O:</\ 0.0% 0.0% 6. 9 m  Rough- 31 11Ok/h 

395vpd( 54%) x0 SO ICO 
395vpd( 54x1 x0 PO 110 
395vpd( 54%) x0 10 ICO 

395upd( 547.1 x0 #O ICO 

395updl 54%) x0 PO 1CO 
395vpd( 54%) x0 e0 ICO 

395vpd( 54%1 x0 PO 1CO 
395vpd( 54x1 x0 00 ICO 

395upd( 54x1 x0 PO 110 

395vpdl 54%) x 0  PO 1CO 

395vpd( 54%) x0 00 ICO 

395vpd( 54x1 x0 00 ICO 

330.46km . 0.0% O.O%^ 0.0% O.O%/\ 0.0% 0.0% 6. 9 m  Rough- 36 llOk/h 395vpd( 5421 x0 PO 1CO 

333.22km + 0.0% 0.0%- 0.0% O.OX/\ 0.0% 0.0% 6. 9n Rough. 41 llOk/h 395vpd( 54%) x0 SO 1CO 
333.40km 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6. 9 m  Rough= 41 llOk/h 395vpd( 54%) x0 XO 1CO 
334.72km + 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0:: 6. 9 m  Rough= 34 IIOk/h 395vpd( 54%) x0 00 1CO 

[*/- 4.011 337.00kn -. 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 1  91 Rough- 34 110k/h 395vpdl 54%) x0 a0 ILO 

340.00km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6. 99 Rough= 34 llOk/h 395vpdI 54%1 x0 MO 110 

345.72km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6n 9 m  Rough= 35 llOklh 395vpdl 54.4) x0 U0 110 
346.25km 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6m 9 m  Rough= 35 llOk/h 395vpd( 54%) x0 PO 1CO 
346.75kn -. 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough- 3 5  llOk/h 395vpdl 54%) x0 PO ]CO 
341.12km 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 m  9 m  Rough- 27 110k/h 395vpdI 54%0 r0 XO 1CO 
349.72kn - 0.0:I. 0.07.- 0.0% O.O%/\ 0.0% 0.0% 6 m  9 n  Rough- 3 5  110k/h 395vpd( 54%) XO XO ]CO 
351.22km -. 0.0:i 0.0%- 0.0% O.O%/\ 3.6% 0.0% 6. 9 m  Rough- 33 llOk/h 395vpd( 54X) x 0  00 ]CO 
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533.00km - 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6m 9- Rough- 45 LlOk/h 395vpd( 54%) x0 NO ICO 
534.13k- 0.0% 0.0%- 0.0% O.O%/\ 0.0% 0.0% 6 1  9n Rough- 45 110k/h 395vpd( 54%) rO #O It0 

C+/- 3.871 

538.00km 0.0% 0.0%- 0.0% 1.5%/\ 0.0% 0.0% 7m 101 Rough- 45 llOk/h 395vpdl 54%) x0 NO ICO 
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395vpdt 54%) rO PO 3CO 
395vpd( 54%) x0 U0 ICO 
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395vpd( 54%) x0 n0 ]CO 
395vpd( 54%) rO U0 ICO 

579.39k1 -. 0.0% o.o%^ 0.0% O.o%/\ 0.0% 0.Or 7 m  1Om Rough= 45 110k1h 395vpd( 54%) XO no ICO 
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585.37tm - 0.0% 0.0%- 0.0% l.l%/\ 0.0% 0.0% 71 10. Roush- 45 llOk/h 395vpdr 54%) x0 U0 ILO 
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AP!3RDIX E: STATISTICAL TESTS OF COMPARISONS BEXWEEN CRASH 
~ A 1 9 ) E I X D P A R h W F E G  



TABLE El: IMUHNESS AND cRI?sms - SPATISPICAL (IMPARISON 
_____I________L_I_______________________----------------_------------------------------------------- 

Roughn~s hnportim -1-m No. of Tbtal No. Eqxcted No. Z-statistic Probably statistical 
counter of Road crashes of (Irasks of crashes (if applic- of No Test 

(Fx) on Given (n) E=&xn able ) signifi- 
Road cant 
Roughness Difference 
(XI (P) 

<=30 .0327 .9673 8 188 6.15 WA P ’ 10% hisson 

31-35 .2088 .7912 43 188 39.25 .58 P ’ 10% 21 

36-40 .0877 .9123 9 188 16.49 WA 10% > P 75% misson 

41-45 .2965 .7035 64 188 55.74 1.24 P ’ 10% 21 

46-50 .732 .9268 10 188 13.76 WA P ’ 10% misson 

(1) - 51-60 .1040 .E960 21 188 19.55 N/A 

61-70 .1679 .E321 30 188 31.57 WA (1) - 
’70 .0292 .9708 3 188 5.49 WA P ’ 10% poisscm 



TYBLE Q: SURFICE WImnS AND cws3IFs - SPATISTICAL OCMPARISON 

Road Proportion Py=l-Px M. of mta1 No. - No. Z-Statistic probably StdtiStid 
Test Surface of Road Crashes of Crashes of (3rashes (if applic- of M 

Width (Px) 011 Given (n) G F x x n  able ) signif i- 
Rcad cant 
Width Difference 
(XI (PI 

6m .7662 .2338 132 188 144.05 2.08 1% P < 5% 21 

h .2338 .7662 52 188 43.95 1.30 P ’ 10% 21 
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