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SUMMARY 

Most  road collisions on urban road  nelworks  occur  at  intersections. The major  intersections 
which contribute to majority of these  crashes, are  most often controlled by either  signals or 
roundabouts.  While  the reason for these  are vacied  and complex, a significant part may be 
attributed to  the built environment in terns of both the physical and traflic management  systems. 
This  study deals with  developing  appropriate  predictive  models  for  crashes at intersections 
capable of being used in planning purposes. The  report begins with a brief review of past  studies 
into  the relationship  between  crashes at intersections  and traifc flow. All crashes  occurting 
between  1988-1991 at  115 signalised intersections and 10 roundabouts in metropolitan  Adelaide 
are assembled  in a database.  Summary  descliplive  statistics are provided showing the proportion 
of crashes by the main crash  types.  Comparison between the  crash  situations at signali.sed 
intersections in Adelaide and Perth (WA) is provided in tabular  form.  Cross-sectional  study 
providing  a  comparison between the crash situation at roundabouts and signalised intersections 
with similar traffic Ilow is presenled. These results are presented in tables and chats. 

Non h e x  and  multiple l inea regression methods are used to develop  models for total 
intersection  crashes and the main collision types at signalised interseclions. The frequency of each 
of the main crash types is related to the traffic How movements  contributing to the occurrence of 
that type of collision. The developed models are validated using an independent data  set  from  WA 
to assess  thek predictive  capabilities in different areas. The main fuldings  include the following. 

Valid predictive  models can be developed by relating the various crash  types to the trdlic 
movements  contributing  to thek occurrence. 

The various  crash types relate Lo different  functional  forms of the flow exposure  measure used 
indicating  that the  appropriate  approach to be adopted in developing  models for crash at 
signalised intersections is to  disaggregate the crashes by type and  develop  separale  models  for 
each crash type. 

The  square  root of the cross  product of llow first  suggested by Tanner  (1953) is the  best 
predictor of crashes  at  intersections  is  confirmed. 

Models  developed for one region may not be appropriate for use in another  area of different 
crash  rate  and  signal  operations. 

It may be  necessary to develop  separate models for the CBD and suburban  areas in one 
metropolitan  area if the tral'lic conditions and signal operations are different (as in the  case of 
Adelaide. 

Approach  based  models enable thz introduction of specilic  site and signal factors into the 
regression  equation.  Hence this is the best approach to lake if one wants to  investigate the 
influence ol' the intersection and signal  factors on the occumnce of collisions. 

The  report concludes with a set of guidelines to be adopted h developing models  for  the various 
crash  types 



1.0 INTRODUCTION 

1.1 GENERAL 

Large numbers of accidents  occur at intersections in urban road  networks.  While the reasons for 
this problem are varied and  complex, a significant factor is the environment, in tenns of both 
physical and traffic management  systems.  Considerable  research  and  expenditure  has been 
devoted  to  providing  a  sale physical environment but there  has  been  perhaps  less  emphasis on 
road  safety  aspects in the planning of traflk management  schemes. This is due in part.  to a lack 
of effective  tools for predicting  accident  rates from the  pattern of intersections  and traffic flow 
volumes. Research  into  lhe relationships herween t d f i c  ilow and accidents at intersections  has 
been  very  limited and the results  inconsisknr. 

This report provide  a  comparison  between the road  accident  rates and frequencies at intersection 
controlled by signals  and  roundabouts in South Australia (SA) and Westem Australia  (WA).  the 
verification o l  the predictive  models developed by Hughes using an independent data  set from 
SA, and finally the development of improved predictive  models by regression  methods. The basic 
independent variable used is  the traffic flow using the  intersection which is supplemented by 
some intersection geometq and signals variables. The introduction of the  intersedon and signal 
factors will throw some  light on the those faclors which influence road  crash  occurrences at 
signalised intersections.  At traffic signalised intersections, differences exist in the signal 
operations and the site  geolnetly on the vxious approaches of the intersections.  Hence 
aggregating  the  number of accidents into a lotal and developing one model for  the whole 
intersection may obscure  some  important variables. As a  result  separate  models will be 
developed  for  each of the  four main accidents  types at signalised intersections:  rear end, side 
swipe, right  angle and right turn accidents on an approach basis. This will make it possible to 
relate  each  crash  type to the traffic movemenls contributing  to that type of collision. This is a 
first  step  towards  a  proactive  approach  to uban  road safety through the  development and 
adoption of area traffic management schemes that balance road  safety and traffic flow 
considerations. 

1.2 BACKGROUND 

There  exist  a  number of methodologies and software  packages  developed for planning traffic 
management  schemes  at  intersections  and  across  a local area  (eg MULATM, see  Taylor (1989)). 
These  techniques allow the traffic engineer to compare alternative scenarios in terms of the 
predicted  tralfic  volumes  and delays and other standard measures o i  traflic  flow, but they  have 
not directly  included  the  road  safety  implications of a particular  intersection design. This malies it 
diflicult to adequately  compare  alternatives and make decisions on the basis of all relevant 
factors.  Indeed  there is a  danger that safety will be dominated by other  factors  for which there 
are readily available and comparable  quantitative prediction models. The solution is to include 
quantitative  predictions of road sakty implications as an integral  component of the planning and 
evaluation  process. The aim of this project is to begin the development of such tools. 



Previous  work on predicting  accident  rates  has  focused on the relationship between  accidents 
and traffic flow  at  isolated  intersections,  see  Satterthwaite (1981)  for a  review of overseas 
studies  and  Hughes (1991) for  an  Australian perspective. Hughes  (1991)  considered only certain 
types of signalised intersections in WA, and this appears  to be the only previous  study of 
predictive  models  under Australian conditions.  These  studies  have  produced patchy but 
encouraging  results, and have identified some  broad qualitative principles. There  appears  to be 
considerable scope  for refining the  models and methodologies  to  produce more  accurate,  robust 
and  general  models to meet Australian conditions. The main thrust of the project is to investigate 
the  development of general  methodologies and models for  predicting  accidents rates  at 
intersections  under Australian traflic conditions. and the  potential  for  incorporating  these 
techniques into the general planning and evaluation process [or traffic management  schemes. 

1.3 STUDY OBJECTIVES 

The main objectives of the  project  are as outlined below: 

1.  develop  accurate,  robust and general  models that link accidents  rates at signalised 
intersections  to traffic flow conditions lor specific types of intersection and road user 
movements. 

2. test  the generality of puevious predictive models and veiilj the models  produced by Hughes 
(1991) for  WA  in the wider Australian context. 

3.  develop  improved  models  andlor  methodologies  for  predicting  accident  rates  under  South 
Australian  conditions 

1. detemine whether the models  have broader applications 

6. undertake  preliminay investigation of methodologies  for  incorporating  accidenl  prediction 
into the planning process for traffic management on a  single  site and local  area  basis 

7. disseminate infomation on predictive models to  interested  parties (eg. state road  transport 
authorities,  local  government) 

8. to simulate  debate on the role of predictive  models 

1.4 STUDY DESIGN 

The  study  was  conducted  in the lollowing  stages: 



I .  review of the  state of the art in models  for predichg accidents at intersections 
2. the selection and compilation of possible sites followed by field survey  to get a  feel  for the 

3.  compilation of detailed  site, traffic and accident  data from historical records and  site  surveys. 
4. the detailed  analyses of the data including testing the performance of the  model  developed 

by Hughes (1991) for  WA using  data for South Australia sites. and refining the WA models 
based  on the WA methodology or overseas  experience, or using new approaches  developed 
as  part of the study. 

operation of the intersection. 
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2.0 REVIEW OF PAST STUDIES 

2.1 PREVlOUS WORK 

A review of the results  on work done so far on the relationship between  accidents and traffic 
flow  at  intersections  have  not k e n  consistenl. The firs1 authoritative work  done in this area  was 
by Tanner (1953).  He investigated the relationship between lraftic flow and accidents at three 
way  rural roads, by considering the relationship between crash  occurrence ( A )  and the  two 
conllicting tuning flows q,  and q2 of the f o m :  

A a r ! ~  Y 

Tanner  estimated with different values for the constants cl and b, but found them not  to be 
signlflcantly different statistically from 0.5 and so concluded that accidents were related to the 
square  root of the  product of the two conflicting flows. This implied that  road  crashes  increases 
directly with the square roo1 of the product of lhe two contlicting flows.  This  relation  has been 
applied and confilmed by several  others.  Brown (1982) for 4 leg intersections using an approach 
based on conflicting traffic movements,  and Bennett (1966) fobr heavily-trafficked rural  three-way 
junctions. Raff (1953) relaled accidents to the sum of the entering  flows.  while  McDonald  (1953) 
considered  accidents  and the minor  cross road traffic volumes. They all developed simple 
models,  but  quite different in nature. Chapman (1973) also discussed  the  choice of three possible 
exposure  measures  for  intersection. while Council. Stewart,  Reinfnrt  and Hunter,  (1983) and 
Council,  Stewart,  and  Rodgman  (1987) developed different exposure  measures  depending on the 
type of accidents  under  consideration. The theory behind the  derivation of their  exposure 
measures are tangible but due to the large variations in some of (he parameters  considered and 
the complex nature of the recommended  exposure measures. their use in practise  may be limiled. 

The flow-only exposure measures  suggested will probably not be appropriate in dil-ferent 
environment  where signal operations and driver behaviour are  different.  McGuigan  (1981) in his 
search  for an appropriate  procedure  for ranking hamdous locations  found  crash  rate to be 
directly  related to the sun1 of lraflic through the intersection. Hall (1986)  conducted a detailed 
study of accidents at signalised intersections. He used both the total sum of pedestrian and 
vehiculx  flow 01- the  cross  product of the conflicting flow depending on the type of crashes 
being modelled. His relalionship included a large number of site  and  control  features  and  a 
function of traffic Ilow. His results  were all highly signilicant but he found that U1e simpler 
models were more promising than the complex ones.  Hughes  (1991)  found  a  simple linear 
relationship to be the besl  predictor of accidents for lhe whole  intersection.  He also developed 
models  for  each of the main crash types using Inulliple linear r epss ion  techniques which 
included other traffic control and site  factors. AU these studies  have  demonstrated  that  road 
crashes  are in some way related to the tra& using the road. The variations in the f o m  of the 
tlow function  found to be relaled to  crashes in the  above  studies  can be the result of the  way the 
research  was  conducted  but point to  one main thing. Road crash relationships with traffic tlow 
valy from one place to another.  This is so due the fact that road  crashes occur as a  result of a 
whole range of complex interaction between the road and its environment,  the vehicle and the 
human element  prior to tlle time of impact.  Whereas it is  possible for  the  road  environment and 

n b 
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the vehicle to he similx from place  to  place, human behaviour varies from place to place and 
from  one  person to another. 

2.2 THE BASIC CONCEPT 

The basic underlying  theoly behind the development ol' most of these models  is  based on the 
assumplion  that  the  expected number of accidents for a given site is a function of exposure and 
accident  propensity. That is, the expected  number of accidents, E(A) is given by the relation 

where,f() is defined as the  exposure variable and g() as the propensity 

Exposure is defmed  as the number of opportunities  for  accidents of a given Lype  in a given area. 
Propensity  is  defmed as the conditional probability that an accident occurs given the  opportunity 
for  one. Thus the  expected  number of accidents is delined as the product of exposure and 
propensity.  While  there  are excellent references (Council el al, 1983, 1987) for  the  appropriate 
exposure  measures for va-ious accident types, the same  cannot be said of propensity. The  revieu- 
of 30 studies by Satterthwaite (1981) found inconsiste~~cy in about hall' of them. In general the 
propensity for accidents at a given location depends  on traffic volume and a  number o f  driver. 
vehicle and environmental  factors including: traffic control  devices,  light  and  weather  conditions. 
road  surface  conditions, road design standard,  and vehicle and  driver  performance. 

The  interactions between  road  crashes and tyaffic can be  studied in two ways. The first  uses  a 
function of flows using the intersection as the exposure and compares the observed  CI-ashes with 
this exposure.  The  other approach uses empirical accident and flow data for many  locations to 
find a  relationship  between  crashes and traffic flow. This approach  assumes  that  the risk at each 
location  is  the  same.  These  approaches plus actual vehicular movement  observations  have  led  to 
four  exposure measures being suggested for crashes at intersections: the total traffic using the 
intersection, product of the cross flows on contlicting paths, square root of product of the  cross 
flows and the observed  number  ol'conilicts at a  location  (Chapman, 1973). 



3.0 METHODOLOGY 

3.1 SITE SELECTlON 

Rarely do local and state authorities  collect traffic llow data on minor junctions  which  are  either 
uncontrolled or controlled by stop and yield signs except when the  junction is known  to be 
unsafe and some form of action is required to ratify the  situation. Hence traffic flow data rarely 
exist lor these  intersections.  As  a  result the present  study will be limited to intersections 
controlled by either signals or roundabout,  These  intersections tend to be the  more  important 
ones in an urban road  network,  and  most  road  crashes at intersections  occurred at these 
intersections 

3.1.1 Signalised intersections 

In Adelaide, signalised intersections  are  controlled by the Department of Transport  (DRT) or 
the Adelaide  City Council. depending on the intersection location.  Adelaide City Council is in 
charge of the  intersections in the  City of Adelaide (comprising North Adelaide and the  Central 
Business  District (CBD)) while the  DRT is in chal-ge o l  the rest of the metropolitan  area. Due  to 
the  large  amount of pedestrian activity in the CBD  area,  the signals there  have been designed Lo 
favour pedestrian  movements  even though exclusive pedestrian phases are not provided. This 
result of this is that  most  signals  operate on simple two phase cycle with the  exception of signals 
on the  artelial  streets bounding  the  CBD area.  It was  decided to select sites from  these  two 
areas.  Sites to be  included in the study were designed to satisfy the following  conditions  over the 
four  year  study period lrom 1988 to 1991: 

1 the  availability of comprehensive traffic flow data and accident  data 
2 there  should  be  no  major  geometric  changes  (eg  addition of lanes or turn  pockets) 
3 no appreciable  signal phasing modifications (eg provision of green  arrows,  changes  in signal 

timings  etc.)  and 
4 no appreciable traffic volume  changes  should  have  occurred  such as those  due to the 

construction or extension of a  lreeway  or  closure of a nexby street  or any other  large  scale 
road  project. 

All signalised  intersections that satisfied the above  conditions  were  selected with the help of the 
TraCfic Planning and Traffic Signals Sections of the DRT and  the  Adelaide  City  Council. The 
selected  intersections  were not  detennined by accident  history or reputation  but  rather by their 
eligibility on the basis of the four  conditions described above. This eliminated any intentional 
biases in the  selection on the  part of the  research team. In all. 62 intersections  were  selected from 
the CBD and 53 from  the  Adelaide  metropolitan area outside the CBD  area, giving an overall 
total of 115 signalised intersections. Fe.wer sites  were selected from the  DRT traffic control area 
than Adelaide City Council area,  due  the many changes  that  have been taking place at DRT- 
controlled  intersections  over  recent years in response to general traffic growth in the 
metropolitan  area.  Traffic  volumes in the CBD  area  have remained roughly the  same  over several 
years. 
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3.1.2 Roundabouts 

Roundabouts in Adelaide  are  either  controlled by the DRT or  the  local  council  depending  on its 
location.  Roundabouts  on main arterial roads  come  under the control of the  DRT and those on 
local  streets  are  controlled by the  local  council  concerned.  Sites  were to he selected  from  both 
depending on the availability of tral'lic flow  data. It was found that the local  councils seldom 
collect any comprehensive flow  data  once  the  roundahouts  are  in place. Even  when they do what 
is  collected concems  flow on  only the main street, which were considered not  appropriate  for 
this  study.  With  the DRT. traffic counts  data  were  available for only those voundabouls known t o  
be problematic in  tenns of  high crash  occurrences. As a  result traffic flow  data  were available for 
only 10 roundabouts in the  metropolitan  area. This sample  size  was  too  small  for  developing 
appropriate  models  for predicting crashes at such  locations.  Moreover  since  these  roundabouts 
are  known to have exceptionally high crash  rates their use in model  development  would  result in 
models  inappropriate Cor use in other areas. Due to this consideration only a  comparative study 
of the  crash  situation  at  these  locations  was undertaken. Summary  crash  statistics were  produced 
and  these  compared with signalised intersections with similx flow  characteristics. 

3.2 DATA COLLECTION 

3.2.1 Road crash data 

The  records of all road crashes  occurring at the selected intersections were obtained  from  the 
Ol'fice of Road Safety  for the four years 1988 to 1991. The  infomation  recorded  for  each crash 
included the following 

. . 

. . . . 

. . 

. . 

accident repovt number 
localion of crash 
number of casualties 
date of occurrence  ol'collision ( day, month and year) 
time of accident  (hours and minutes) 
day of week 
intersechon  type 
crash  type 
crash  severity 
traffic control  type 
type of vehicle  manoeuvre 
direction of vehicle travel 
types of vehicle unit involved 

Each accident  was assigned a detailed accident  location type code  according  to the direction  and 
nlovement of vehicles  involved so as [o associate  each crash with the various  relevant  approaches 
of the  intersection. This process is based  on the crash  type, direction of travel and vehicle 
manoeuvre. The coding  method enlployed is the  one used by SA which is slightly different from 
the  road  user  movement (RUM) used in Victoria and New South Wales. For rear  end and side 
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swipe  collisions,  the  crash was associated with (he intersection approach on which the vehicles 
were  travelling. For right  angle collisions the crash was associated  with  the  approach  whose stop 
line is nearest to the  point of impact,  while  for right turn collisions, the crash  was  associated with 
the  approach  from which the turning vehicle approached the intersection. For  some accident 
records  this  process  was impossible, due to coding  errors or omissions of information. In these 
cases  it  was reequil-ed to examine the original police accident report f o m  to obtain the required 
infomation.  Even then some 18 crashes  could  not be associated with any approach  due to 
insufficient  information  from  (he  report foms.  These  were thus excluded  from  the  analysis. 

3.2.2 Traffic Flow data 

Tuning flow  counts  were  considered the most suitable traffic llow  data  for the study.  The traflic 
flow  data  required  for the study were obtained from two sources:  Adelaide City Council and 
DRT.  Traflic  flow  data collected by the DRT comprise 11 hour turning classifcation  counts 
supplemented by 24  hour  automatic  counts on selected arterial roads.  Flow counts  for the 
selected  sites for the years 1988 to 1991 were collected where they were available. There  was  at 
least  one  year of data  for the siks selected. From the automatic counts and the 11 hour turning 
count the department  has  developed  lactors  for  converting the 11 hour counts to annual  average 
daily  traffic (AADT) llows depending  the  site  location, day and mouth of count. 

The Adelaide  City  Council  collects the morning and evening peak hour turning flows at  most of 
its signalised intersections at least  once  a year. These counts are  supplemented by 24  hour 
automatic  counts.  Conversion  lactors  for  converting the peak hour  flows  to  AADT  have been 
developed  using the  24  hour automatic  counts.  Separate  conversion  factors  are  produced for  the 
morning  and  evening  peak  hour flows  for each day of  the week.  Some of these lactors have been 
derived by (he Adelaide City Council whilst those for other  intersections for which these 
conversion  factors were not available have k e n  detemined  as  part of this project. These  factors 
are shown for each approach of the selected intersections in Appendix A. 

These  conversion  factors  were used to convert the peak and 11 hour  turning  flows to AADT and 
then to annual traffic flow in million vehicles per annum (Mvpa) by multiplying by 365. 
Subsequent  years  with  no  aclual  count  data  were estimated from  calculated  annual variation 
factors  (DRT, 1993). 

3.2.3 Traffic control and location  data 

For  each  signalised intersection the following details were  collected: 

signal phasing diagrams; 
whether  coordinated  with  adjacent  signals  or  not; 
futed  time or lraffic actuated: 
cycle  length and plan schedules; 
intersection  geornehy; 
number of intersecting  legs; 
numher  and width of lanes. 
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This  infomation  was obtained from detailed design maps of these signalised intersections 
obtained  from  the  Traftic signal sections of the DRT and Adelaide  City  Council. For the 
roundabouts,  information collected included 

number of lanes  at the approach and around the circle; 
circle  inner and outer  diameters, and 
speed limit. 

These  information  were  collecled for the 10 roundabouts  where traffic flow  data  were  available. 

3.3 DATABASE  DESIGN 

Three  data  types  relating Lo the  intersections were being used (traffic control and location data. 
traffic flow and accident  data). The database design involved rhe storage of the above  data  sets 
and  the  subsequent manipulation to provide the summary statistics for each  intersection or 
approach of the  intersection required for the model verilication and development.  Geographic 
Information  Systems  (GIS)  is an excellent technology for managing utilities. transport facilities, 
and other foms of spatial  data. It is an ideal tool for manipulating, analysing and visual display 
of spatial  data.  It  simplifies the extraction and presentation of inventory data,  thereby  providing  a 
higher degree of user friendliness, better  access  to  data and has  the ability to integrate  data from 
a  wide  variety of sources  from which a new set of data  can be developed  for other  purposes. It 
was  therefore  decided to store  the  above  data sets in a  GIS  environment. The GIS  software used 
for  the  purpose is the PC ARC/TNFO package,  a prodnct from  Environmental  Systems  Research 
Institute  Inc,  Redlands, USA. 

Digital  coordinates of Adelaide  Street  Network in ARC/IhTFO format  were  available from  the 
GIS.  From  these  coordinates: the coordinates of the selected  intersections  were  obtained  and 
used in the  GIS  to  create a map  layer  termed  coverage in the ARC/LNFO terminology.  Each 
intersection  was  assigned  a  unique  identification  number  to he used in linking the various  data 
associated  with each intersection. The traffic flow data  and  site  location  data  for  each 
intersection  were  input  into the Excel spreadsheet  package  and  stored in dBase  format. Each 
record  contains the unique  intersection  identification  number as described  above. Similarly, the 
accident  data  were  imported  into  Excel and stored in dBase  format.  These  data  files  were then 
imported  into ARC/INFO Tables  (a  relational  database  system)  without  any further  conversion. 
The  schema of the accident  database remained the same a i t a  the conxrersion except  that il was 
now in ARC/INFO formal. In the GIS each  accident record was  assigned  the  intersection 
identificatio~~ number of the intersection at which it occurred. 

The  GIS data  integration  capabilities  were  employed to join these  data  files.  using th? 
intersection  identification  number, as the joining item  to  produce  summary  information  such as 
annual  accidents  recorded,  annual traffic Ilow.  signal  cycle  length,  accident  statistics  by  type  etc 
for  each  intersection  and  intersection  approach.  The  summary  statislics  were  output  into  a  file 
for use in the modelling  process.  Other  uses of the GIS  database  developed  include visual 
display of the intersections and its associared attributes,  management  and  monitoring of the 
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signal  facilities,  and  identification of hazardous  locations.  Summary  tables  can be  produced that 
combine  accident  and  traffic now, accident  rates  can  be  calculated  and  detailed  analysis of 
accidents is possible.  Pinpointing  problem spols by displaying  siles with high  accident Kales. 
accidents  frequency or based on any criteria,  intersections  operating over  capacity  can  all be 
done  at  ease. 
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4.0 ANALYSIS OF ROAD CRASHES 

4.1 INTRODUCTION 

The objective of the analysis in this section is to  compare the road  crashes and traffic flow 
situation of the  selected  signalised  intersections with those of WA as  reported by Hughes (1990), 
and also to ascertain if there  are differences in road  crashes al  signalised intersection in the CBD 
and those  outside the CBD area. This comparison  is necessary since the operation of the signals 
in the  respective  jurisdictions is quite different as already discussed. The crash  statistics at 
roundabouts  for which traffic flow  data  were available are  also  produced  and  compared with 
those o l  signalised  intersections of comparable flows. 

4.2 SIGNALISED  INTERSECTIONS 

Tahle 1 shows  the  sumnary statistics for the intersections Cor the four year  period  providing  a 
comparison  between  crashes in the CBD and the suburban  areas. This is  for  the 6391 acciden~s 
for the 115 signalised intersections selected obtained from the office of Road  Safety  compared 
with a  comparable  four years of data from WA. The crashes  for the peliod  were widely 
distributed  around the mean  and  were  slightly  skewed positively compared to the  mean. 

Table I: Signalised intersection accident  summary statistics 

More detailed analysis showed  that the major types of crash at signalised intersections wel-e rear 
end,  side  swipe,  right ange  and right  turn collisions. These types make up more than ninety 
percent of the  total  crashes.  Comparable  data for WA (Hughes. 1991) as  shown in  Table 11. 
which compares well with  olher  areas  (Hughes. 1991) shows a similar breakdown  (see  Table 11). 
Rear end  collisions  alone  accounted lor more than 50 percent of the  total  accidents  (see  Table 

11 



11) and 44 percent of casualties. Mosl o i  collisions were  property  damage only type 
(approximately 85%)  as  shown in Table 1U. Further analysis showed that hall' of the fatalities 
involved  right hlrning vehicles while the other halt' involved vehicles hitting iixed  objects. 

Table II: Intersection crash statistics by type of collision. 

Table III: Intersection  crash statistics by accident severity 

Accident severity (%) 

21.90  16.92 16.51 17.59 Injury 
78.00 82.99  83.36 82.37 Property  damage only 
W.4 data SA data Suburban CBD 

Fatal 0.04 0.12 0.09 0.15 

Table IV: Intersection crash  summary statistics by type (4 years total) 

It is seen that  crashes  were less frequent in [he CBD than elsewhere (see  Tables I and 11). This 
may be due to drivers being more careful in the CBD and partly because drivers  are fdnilix with 
the complex land use activilies and [he Iugh pedestrian involvement and possibly due to lower 



vehicular  speeds. Crash severities  are, however. identical in  the  two  areas.  The  CBD  has  a higher 
proportion of light turn accidents due probably to the fact  that  most of the signals operate the 
pelmissive or filter [om of right tuning phase. That is the right  turning  vehicles  have no 
exclusive  green  phase  and  are  required to move with the  opposing  llow  through an acceptable 
gap. As  noted in  section 3.1.1, the  CBD signals have been designed as  simple  two-phase  systems 
to maximise  pedestrian  crossing  opportunities.  Separate  turn  phases  have  therefore been 
deliberately excluded at intersections in the Adelaide CBD.  The  proportion of rear  end  accidents 
is also lower  due probably to reduced vehicular speeds and extra  care raken by drivers  as  a  result 
of the  many  human  interaction and  the land use activities in the CBD at those intersections. 

Comparison of the SA road  crashes with that of WA showed that signalised intersections in SA 
were  safer  that  those in WA,  as indicated by the mean number of crashes  per  intersection,  the 
crash  rates in million vehicles,  and the severities of these  crashes  [see  Tables LI1 to V) assuming 
the  crash rates  to  be comparable for  the  two periods being compared. It should  however be 
borne in mind that  the high proportion of property  damage only crashes in SA may be due  to  the 
fdct that  in  that  state, until recently all crashes  were  supposed  to  be  reported  to the Police.  Since 
the models  obtained using the WA data  are linear one would expect an increase in the mean 
number of accidents to increase with an increase in entering traflic flow. 

Table V: Comparison of SA and WA crash rates at signalised intersections 

I N O  of crasIles (Jyrs total) 1R;lean annual traficm1vpa)ICrasll rate ( c r a s ~ ~ m i ~ . - v e ~ l )  
Parameters ISA(1988-91) IWA(1986-89i ISA(1988-91) IWA(1986-89i ISA(1988-91) IWA(1986-89) 
No. of Intersections 

0.646  0.481 3.562 5.762 39.4 41.77 Standard Deviation 
1.233 0.8 15 11.117 13.411 54 43 Median 
1.407 0.930 11.164 14.499 64.6 55.57 Meall 

121 115 121 115  121 115 

3 39 3.55 0.537 0.324  0.045  0.059 

4.3 ROUNDABOUTS 

As seen from Table VI the mean number of crashes at the selected  roundabouts  was  about 52 for 
the  four  years (that is 13 crashes  per  roundabout per year). It should be noted  that the high mean 
value is the  result of high crash  irequency  recorded at three of the roundabouts  (see  Table VII). 
The distribution of the crashes  is positively skewed and  widely spread  around the mean. The 
most  frequent  type of crashes  are rear end.  side  swipe and right angle collisionscsee Table VLQ. 
Approaching  crashes(rear end and  side  swipe  crashes)  account for over 65 percent o f  all 
collisions at  the roundabouts. Only about ten percent of these  crashes resulted in injury  involving 
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Table VI: Crashes statistics at  roundabouts and signalised intersections 

Table VII: Comparison of crashes at  roundabouts and signalised intersections 

10.0 - 12.5 
12.5 - 15.0 I lSO(1) [ 40.65 (20) 

1 41.64 (14) 

* Note: figures in brackets  indicate numbc1 of observations in the group 

Table Vm: Crash  variations by type 



63 casualties. The rest resulted in property damage only (see Table X). Hence  as  far as  crash 
severity was  concerned  these  roundabouts may still be regarded as  safe. There is a high 
proportion of casualties resulting from crashes where the vehicle collided with fixed objects, as 
seen  from  Table VIII. 

Table IX: Crash  variations by severity 

Further analysis of the  data (Figure 1) indicated that most  crashes  and injuries occurred  during 
the day time period with about  a third of these occuning between three  o'clock and six o'clock in 
the  evening, coinciding with  the evening peak periods. From  Figure 2, it is observed  that  the 
probability of a crash is almost equal on any day during the  week.  However it is also  observed 
that most injuries occurred  from Monday to Thursday with Wednesday  registering  the highest 
number of casualties.  Figure 3 indicates that most collisions occurred in the months of June and 
July possibly due to  he more fre.quent occurrence o i  wet  weather and shorter daylight hours in 
these months. 

Variation of crashes by time of day 1 

. .  . .  , , , I  

Variatiou of casualties by time of da) 

a: Crash proportions b: Casualty  proportions 

Figure 1: Variation of crashes by time of dag 
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I Crash variation by day of neck 

I 

a: Crash proportions 

Casualty variatiou by day of week 

b: Casualty proportions 

Figure 2 Variation  of  crashes by  day of week 

Monthly variationof  crash  frequency 

Figure 3: Variation of crashes  by month 
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4.4 COMPARISON OF CRASHES AT ROUNDABOUTS AXD SIGNALISED 
INTERSECTIONS 

Flow and crash statistics for signalised intersections with traffic flow within the range of the 
selected  roundabouts  were obtained for  comparison with those of the  roundabouts. All the 
signalised intersections included in this sample had four  approaches,  comsponding with  those of 
the  roundabouts.  Tables VI to IX and Figures  1  to 3 give  the  results  obtained for the various 
crash  statistics  between  the  two  intersection types. It  was found that over the whole  range of 
flow  considered,  there  were  more  crashes at the roundabouts  than the signalised intersections as 
indicated by the mean number of crashes and mean crash  rate (see  Table VI). Disaggregating  the 
crash  statistics into traffic flow ranges  showed that the collision situation at  roundabouts 
compares  favowably with the signalised ones if not  safer at low traffic ilows(see  Table VII). At 
higher llows (above about 7.5 million vehicles per annum) the roundabouts tended to be  morc 
dangerous than signalised intersections car~ying the same  amount of traffic as  seen in Table  VII. 
In the  highest flow range  there  were twenty signalised intersections: the maximum number of 
crashes  per  intersection  was 100 which was 33 percent less than that  at the single  roundabout 
with the  highest  crash  record.  Comparison of the collisions by type indicate  rear end,  side swipe. 
right  angle  and  right turn collisions to be the main crash types at both  intersection types. 
However,  the  proportion of each type is different at the two intersection  types  (see  Table VIII). 
For  example,  there  were  a higher proportion of side  swipe  crashes at  roundabouts  (38.4%) than 
at signalised intersections  (6.9%).  There  are  fewer right turn crashes at roundabouts  (3.4%) than 
at signalised intersections  (25.3%). This is expected judging  from the definition of a  crash being 
termed as a  right  turn collision. Roundabouts  also  recorded slightly fewer  proportion of rear  end 
collisions  but  higher  right  angle collisions than  the signalised intersections. 

4.5 VALIDATION OF HUGHES MODELS USIXG SA DATA SET 

This  section  deals  with validating Hughes model using an independent data  set from SA to 
determining  its  applicability to other areas. The approach used involved  using  the  collected traffic 
data to predict  the  crash  occurrences using Hughes regression models. These  predicted values 
are then compared with the actual number of crashes  recorded at each  location. The Wilcoxon- 
sign non-parametric  test  is then used to test the hypothesis of no difference  between the two 
values. 

4.5.1 Total Intersection accidents 

Figure 4 shows the result o f  applying the SA sanlple  data to Hughes'  model.  Hughes  model  for 
the total number of crashes at a  signalised  intersechon is given by: 

E(A) = 7.122V  -14.922 

where E(A) is the expected  number of crashes  for a four  year  period  and 
V is the  exposure measure given by the total  entry tral'lic flow in million 
vehicles  per  annum (Mvpa) 
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Figure 4: A plot of predicted  accidents  against  actual  accidents  recorded (SA, 1988-91). 
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Using the above model and SA traffic flow data predicted number of crashes  were  calculated and 
plotted  against the actual  number of intersections  crashes  recorded  as  shown in Figure  4a above. 
The  model  predicted the actual  crashes  quite well although it had a tendency to overestimate in a 
majority of the  cases.  Table X shows a comparison  between  the actual and predicted  crashes. 
From this table  and  Figure  4a visual inspection indicated a poor prediction capability. This  was 
confirmed by a test 01 the hypothesis that there was no dilference  between the pvedicted and 
actual  crashes  recorded using the Wilcoxon test. The hypothesis was  rejected at  the  five  percent 
level of significance (ie the result  was  that  there was less than five percent probability of the 
observed  difference  occurring by chance) indicating that an improved  model  should be sought. 

4.5.2 Approach based  models for the main crash  types 

Similarly the predicted  values  for  each of the models developed for the main types of crashes 
were calculated from the  WA models. A plot of these predicted values against the  actual  number 
of crashes  recorded  are  shown in Figures 4b to 1E The predicted values are  pmicularly bad for 
right  angle  collisions. The inherent difliculty in developing a model  for  right  angle  crashes will he 
discussed  in  more detail later in this report. In all cases, a test of the  hypothesis that there  is  no 
difference between the predicted  and actual crashes  recorded using the Wilcoxon test was 
rejected at  the 5 percent level of significance, indicahng that the models  developed by Hughes 
using WA data are not directly applicable to SA intersections and that  improved  models  should 
be  sought. 

4.5.3 Overall  assessment 

In summary.  it  can  be  concluded that the models developed by Hughes  for WA cannot  be  directly 
transferred  to SA conditions.  the lack of predictive ability applies  to  models for total  intersection 
crashes  and  to  models for the individual  crash types. 
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Table X: Validation of Hughes model for total intersection accidents using SA data 

20 



5.0 MODEL DEVELOPMENT 

5.1 INTRODUCTION 

The inability of the models developed by Hughes using WA  data  to accurately  predict  road 
crashes in South  Australia  meant  that the WA models had no general  predictive  capabilities  for 
SA intersections and thus new set of models needed to  he  developed. Analysis was  therefore 
undertaken to  use the collected  crashes  and traffic flow data  for SA to  develop  new models. 
These models  were based on the same exposure measures using the trdRic movements 
contributing  to  that  type of crash and other  functional  forms of the traffic  flow as deemed 
necessary  by the use of regression  methods. 

5.1.1 Model form used 

The regression  models  considered  were of the  forms 

E(A) = p (Via + K and 

E(A) = p(V)a + g(x) + K 

where 
E(A) is the  estimated  number o l  crashes for the period; 
V is the exposure  measure used based on the lotal waffic llow  over  the  period and the 
geometry of the vehicle  movement  contributing to the type of accident  in  question; 
g(x) is a  function made up of significant  site and signals  factors;  and 
p, u and K are  regression  parameters, which can  assume  any value including  zero. 

If the  constant K is  zero then p is equivalent  to  the crash rate defined as crash  per unit exposure. 
In most  cases  the  constant K was found to be statislically not different from  zero implying zero 
crashes  at  zero  flow  as  expected.  Where  it  was  different Trom zero  the value was  negative so that 
the  theoly of no crash at  zero  flow still held. If E(A)  and V span  over  the same time period, as 
was  the  case in this study, then p is a  constant and represent the crash rate  expressed in crashes 
per unit exposure  expressed  in million vehicles. 

For road  crashes which are discrete and non negative, it can be appropriate  to use the logarithm 
transformation  can LE used to transform the  data before regression.  However.  except  for [he. 
total intersection  crashes. in the  case of the various crash  types which are modelled on an 
approach  basis,  this transformation is not possible because some values of the  dependent variable 
are zero. For  each intersection, the total number of accidents  recorded  in the  SA Office of Road 
Safety  accident  database  for the four years (1988 to 1991) was used as an estimate of thc 
dependent variable. The use of accident  rate  has bezn suggested as the preferred  dependent 
variable  as  against  the  crash frequency [Council e t  al (1987), McGuigan (1981)l. This was 
investigated  and all result found statistically insignilicant, and so its use was  not  pursue any 
further.  Table I shows summary  accident  statistics used compared  with  those  from WA.  The 
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traffic volume used is  the  total vehicular tlow through the intersection for  the  four ye,ar study 
period. The vehicular movement  contributing  to  a  particular  accident  type was used in 
developing the  exposure  measure  for  that particular accident type. Where  the  occurrence of an 
accident  involved vehicles travelling in  the  same traffic stream  (that is travelling in the same 
direction) the  exposure was taken to be a function of lhe  sum of flow.  On  the other hand, if it 
involved  conflicting  flows  the functional f o m  of the product of the conflicting  flows  was 
considered. The regression analysis was performed using the SPSS for  Windows  slatistical 
package. The regression analysis was  done in two  slages. The first involved determining the best 
funclional form of the traffic volume exposure  measure using both linear and  non l inea 
regression  methods  based  on  equation 1. The second stage of the  regression  involved  performing 
a  stepwise  multiple linear regression using the best exposure  measure  detennined  from  stage  one 
and the non  flow variables described helow. Variables are included in the final models if they are 
significant at the  live percent  level. Eliminalion and inclusion of the variable  is done automatically 
by the  program.  Regression models are of associative in nature  and  do  not necessarily imply 
causative  effect.  However, in this case  where  a wide range of site, signal and other  explanatoly 
factors  are  considered, and the selected intersection are all controlled by signals  providing some 
form oC statistical  control  provided a strong implication of some level of cause  and  effect. If there 
were  any [actor not  considered il is expecred that their efrecrs would be minimal. 

5.1.2 Intersection geometry  and  signal  variables  considered 

Due  to the variations in signal parameters  between  intersections  and within the  same 
intersections, the  signal  variables used in the modelling include  number of signal  phases  (denoted 
by P) divided  into  two  groups as follow: up  to four phases and five or more  phases, the  type of 
right lurn  control  and  whether  the signal is  coordinated  with  adjacent  ones  or  not as described 
below. 

Right  turn  signal control: 1 - prolected right turn phase 
2 - filter  right  turn  only 
3 - permissive/protected  right  turn phase 

Signal coordination: 0 - not coordinated 
I - coordinated 

The intersection  geometry  variables  considered  included the following: 

number of approach  legs; 
number of lancs  at  stop  line; 
approach width; 
right turn  lane  usage; 
left  turn lane usage;  and 
whelher  left turn with care at any time sign exists. 

The definition of item variables used in the regression are as follows. The definitions of most of 
the variables were  the  same as those used by Hughes. This was  done  to  allow  the use of the WA 



data to tesl  the generality of the models developed using the SA data.  However,  some  new 
variables  had  to  be  introduced and others  had  to be redefined. 

A- Protected lig,ht turn  phase only. Vehicles move only  on a green  arrow and have an exclusive 

B- Filter right  turn only. Vehicles  are allowed to make a turn on green signal hut  must yield or 

C- No right turn sign  displayed  during certain times of the. day especially peak hours. This sign 

D- Double  left or  right turn lanes  provided 
E- Shared  right turn lane.  This  factor is included to test the effect of a shared light turn lane on 

F- Type of light turn phasing employed defined as 1 for  protected; 2 for fdtered  and 3 for both 

G- mnre than  three  approach  lanes at the stop line 
H- one  way  approaches. 
I- approaches  with  turn  left  with  care at any  tune  sign. 
J- Left  turn  lane  usage defined as 1 for shared and 0 for exclusive left turn  lane  This  factor is 

K- signal  coordination 
L- Number of approach  lanes at the slop  line. 
N- approaches  with  more  than  one  signal  stage  per  cycle 
M- three  way  junctions 
CBD - Central  Business  District 
P- intersections with mnre than four signal stages. W the  intersections satisfying this condition 

PED- intersections and approaches with an exclusive pedestrian phase. (lhere  were only two 

right of way when  the  green arcow indication is on. 

give  way to opposing  traffic.  Thus  dlivers  must turn by  selecting  appropriate  gaps. 

prohibit right tnrning  duling  the limes displayed 

road crashes 

protected and permissive  movement in operation. 

included to test  the  effect of a  shared lei1 turn  lane on road  crashes 

are  outside the CBD. 

such  intersections). 

Some of the  factors are strongly related and as  such their inclusion in the same. n~odel is 
inappropriate  as  it would  degrade  the Keliahility and  the predictive power of the resulting model. 
Care  was  therefore taken to avoid such  situations. I1 was  found  that the  CBD  factor  was 
signiticant in most of lhe models, conhming the  accidents  statistics  shown in Tables I and 11. 
One reason for this may be  due to the difference in signal operations,  the  land use activities and 
differences in driver  behaviour between the two areas. This prompted the  idea of developing 
separate  models for the two areas for comparison  purposes. 

5.1.4 Definition of traffic movements  used 

The traffic move~nel~ts used in the study are defined as shown in Figure 5. The total llnws on the 
approaches  are  defined by: 

For approach 1: V1 = ql + q2 + q1 

For  approach 2: V2 = q4 + q5 + q6 
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For approach 7: V3 = 97 + q8 + q9 

For  approach 4: V4 = q10 + ql1 + q12 

Figure 5: Definition of traffic movements. 

5.2 TOTAL  INTERSECTION CRASH MODELS 

5.2.1 The regression models 

The  exposure measure  considered involved various fut~ctional fonns of tralfic flow lhrough  the 
intersection. The  actual  exposure  measures considered were the total sum of flow  through the 
intersection  and  the cross  product of Ilows on the inrersecting approaches. The functional foorms 
found to give reasonable. results using both linear and non h e x  regression  methods  were the 
following: 

1. Total sum of all lraffic enlering the intersection, given by: 

Epl = V I  + V2 + V3 +V4 



where VI,  V2, V3 and V4  are as defined in F ip re  2. For three leg intersections  one of these 
variables is zero. 

2. Exposure 2 (Ep2 ) is  defined  as the cross  product of the sum 01 the  two conflicting  llows: 
Ep2 = (VI+V3) X (V2+V4) 

3. Exposure 3 (Ep3) involved the square  root of exposure 1 deiined  above, Ep3= (Ep1)O.j. 

4. Exposure 4 (Ep4) is the square  root of exposure 2 defined above,  Ep4= (Ep2)'.'. The  power 
of 0.5 was  obtained by round O K  0.499. which was the exact  power  obtained by performing a 
non  linear  regression on the  data  using  exposurc 2 (Ep2) above. 

The  regression  equations  obtained  from the above  exposure  measures  are  shown in Table XI 
below.  Exposure  4  provided the best model prediction parameters  and so has been selected for 
further analysis by the  introduction of the  intersection  geometry and traffic signal  variables  into 
the  modelling process.  The  complete model then obtained is given by equation  5.  The best 
models  obtained  for the CBD data and suburban  data are given by equations 6 and 7 
respectively. These  models  provide an improvement on the  model parameters  over  that obtained 
derived from the full data  set. with the R square value increasing to 53 and 73  percent for the 
CBD ar,d suburban  data respectively. When the  signal  and sites  factors  were  added  none  proved 
significant. The main dilkrent between the two models is that the non CBD  data  has a re,gression 
coefficient almost twice  that of the CBD  data. Non of the site and signal  factors  proved 
signiffcant when introduced. 

Table XI: Models of Total lntersection Accidents, SA 1988-91. 

Region 

0.0ooO 65.77 2S.40 0.630 5: Acc = 2.66~(EpZ)~.j-24.57CBD+15.94P All sites 
0.0ooO 111.88 29.74 0.493 4: Acc = 2.38~(Ep2)'.~ - 1.34 All  sites 
0.0000 75.11  32.52 0.393 3: Acc = 17.93~(EpI) ' .~ - 78.44 All sites 
0.0000  90.58 31.26 0.440 2: ACC = 0.03x(Ep2)+  30.17 All sites 
0.0000 77.24  32.33  0.401 1: Acc = 1.15x(Epl) - 11.39 AUsiks 
P r o h y ~  F v a l u e  Sid.Error- R2 Fonnula 

. .  

-1.57 
CBD 

0.0000 186.39 23.20 0.734 7:  Acc = 3 .70~(Ep2)~- j  - 17.21  Suburban 
0.0ooO 52.01 25.13 0.526 6: ACC = 1 .99~(Ep2)~"  - 6.83 

5.2.2 Discussion of models 

A  plot of this selected  model  (equation 4 from Table XI) is shown in Figure 6. This  model 
explained about lifty percent the variations in the depended vdiiable. The inclusion of ths  site 
factors  resulted in a more  complex  formula but wilh improvements in  the regression  parameters 

u Selected regressiou model for furher analysis 
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Figure 6: Total  intersection  accidents -Total entry tratfic  flow  relationship (SA, 1988-91) 

with the  amount of variation being explained increasing to sixty-three  percent. The only 
significant  factors were the CBD factor and intersections with more than four  signal  phases (P). 
The  first  factor reduced the crash  occurrence whilst the latter tended to increase  it.  The CBD 
factor  thus  indicate a  reduction of crashes in the CBD area of about 24  crashes  over  the  four  year 
period. 

It should he noted than when the signal phases were  grouped  into  diiferent  categories  (2, 3 .  and 
4 or more: up to three and more than three signal phases) the P factor was  found  to k 
insignificant. It  became  significant only for the classilicalion of P described earlier  (ie up lo 4 or 5 
or more phases). Extra signal phases  are normally introduced  to  make it  safer or easier  to pass 
through the intersection especially for turning traffic (eg as right turn traffic increases  exclusive 
right  turn  phases  are  introduced  to cater for these movements). The coefficienl of the P factor in 
the regression  seem to suggest  two things. It may  be that having more than four signal phases 
has  a net negative  effect on reducing crashes at an intersection. possibly by reducing some type 
of collision (eg. lighl  angle collisions) and increasing  others (eg. rear end collisions). The second 
case may be  that  there is a point where increasing the signal phases  contributes  to  increases in 
road  crashes.  This may be associated with [he longer delays accompanying lhe  increase in signal 
phases.  Drivers  tend  to  become  frustrated and take  more risks by running  the red light  or trying 
to  cross  as quickly  as  possible during the amber period even  though  the  logical  thing to do was 
to  have  stopped.  Long  cycle times associated with high number of phases might also  cause 
drivers  unfamiliar with the intersection to think that the signals are not  working  properly. 



No site  factor  was  found  signilicant when the data  was  separated into CBD and  non-CBD  data 
indicating that  the  two  factors  coming  into  the model using all data set accounted  for  the 
variations in crashes  between  the CBD and the other areas. A test of the  separate  models and 
those obtained  from  using all data  set indicated no difference at  the 5% confidence level between 
with the  complete  model with the  site [actors. The exposure only model  over-predicts  for  crashes 
in the CBD and  under-predict for crashes in the wider  meuopolitan  area. 

5.3 REAR END COLLISION MODELS 

5.3.1 Introduction 

This  lype of collision occurs  between vehicles lravelLing in the  same direction  and  in  the  same 
lane  on  an  approach. A crash involvin? any of the vehicular movement  shown below is  therefore 
classified as a rear end collision: 

l. c3+ 2. +# 3 .  e% 4. #a 5. 

Rear  end  crashes  are associated with the  leg of the intersection on which the vehicles were 
travelling just  before the crash.  Rear end crashes f o m  the single most li-equently occu~~ing  crash 
type at signalised  intersections. It is known that this crash type can increase at intersections when 
signals  are installed (Hombuger, Keefer and McGrath, 1982). The summary  statistics for  rear 
end  crashes  are  shown in Tables I1 and IV. About hall' of the crashes  occurring at the selected 
intersections were o l  this  type, with an average of 7.94 crashes  per  intersection  over the four 
years (that  is  about  two crashes  per intersection per year. The distribution  was not nolmally 
distributed and w)as skewed positively. 

5.3.2 The regression models 

Two type of models  were  developed.  One  considered  the  crashes  on an approach by approach 
basis  while the other  considered the intersection as a  whole 

a. Approach based models 

The  exposure  measure  considered  was a functional foim of the sum of flow using the  approach 
in question (ie for  approach 1 the kirst exposure measure (Epj) is @en by the sum of all trallic 
using  approach 1). 

E p 5 = V I = q l + q 2 + q 3  

The best regre.ssion modd obtained  was the simple linear foolm indicating that  rear  end collision 
type  increases  with an increase in the total  approach  flows  as  seen from equation 1 or Table XV. 



This model was highly signilicant,  however the variation explained is low as seen  from the value 
of the  correlation  coefticient (R squared). The introduction of the  site variables  gave  equalion la. 
The  factors  found  to be significant included approaches with exclusive right  turn  phase (A), 
double  turning  lanes (D), no right turn sign during certain times of the day (C),  more than 3 
approach  lanes (G), turn left at any time with care sign (I) and the CBD factor. Wilh the 
exception of the  CBD factor all the other  factors tended to increase  rear end collisions. 
Approaches  in the CBD tended to  have slightly reduced frequencies of rear  end collisions 
Ibllowjng the  same trend as the total intersection crashes. 

Equations  2  and 3 in Table XI1 are [he  respective models obtained using the CBD data and 
suburban data only. Inclusion of the site faclors gave  equations 2a and 3a respectively. For lhe 
CBD  data  sile  factors  found to he signilicant included approaches with double  turning lanes (Dl. 
no right  lurn sign during  certain times of the day (C), hlrn  left at any time with care sign (I) and 
approaches  with  more  than  one signal phase per cycle. Outside the CBD  area  the only significant 
factors  were  turn  left  at  any time with care sign (I) and the number of lanes (L). 

Table XIL Approach  based models for rear  end  collisions 

Region Model Equations 

0.0000 50.64  7.10  0.452 la.  RE = 0.36(Ep5)+2.19A+7.23C+j.ID+2G Allsites 
0.0000 117.10 8.49 0.216 1. RE = 0.455x(Ep5) + 0.74 All sites 
Prob. F value  Std.error R’ 

CBD 2.. RE = 0.408x(Ep5) - 1.28 0.216  8.49  117.10 
0.0OOO 31.38  6.12  0.463 2a. RE = 0.208x(Ep5)+8.13C+lO.ID +8.781 CBD 
0.0000 

-2.7CBD  +6.971-1.17 

b. Model for whole  intersection 

The exposure measure  considered  was the total sum of flow  entering  [he  intersection (EPI), that 
is summing the exposure  measure on each  approach  together (Epl = Vl+V’2+V3+V4), The 
regression  equation  obtained  was given by: 

RE=0.781xEpl-  16.11 

having  regression paranmers of 

R Square = 0.351 
Std.  error = 24.25 
F value  =62.67 
Probability=0.0000 



When  the  intersection site factors  were  introduced  the CBD factor and  intersections with more 
than four phasings were fonnd  to be  highly significanl, following the same trend as model for all 
crashes  for  the  whole  intersections.  This is no surprise  since rear end collisions make up the bulk 
of all the  intersection  collisions. The relationship obtained is given below: 

RE = 0.86xEpI - 16.72CBD + 18.68P  -17.94 

This  model  was  also  highly  significant with regression panmeters oi 

R square = 0.544 
Std.  error = 20.35 
F value =46.29 
Probability=0.0000 

The  model  obtained when the CBD data set was used separately  was 

RE = 0.615xEpl - 18.47 

R square = 0.324 
Std. e r o r  = 18.69 
F value = 34.85 
Prohability=0.0000 

This  model  was also highly significant with regression parameters shown  above. No intersection 
factor  was  significant  when  introduced 

The  model  obtained  using lhe suburban  data  set only was 

RE = 1.377x(Epl) - 38.16 

R square = 0.608 
Std.  error = 20.17 
F value = 105.13 
Probability=0.0000 

This  model  was also higl~ly significant with regression  parameters shown above.  When the 
intersection lactors were  introduced. inlerseclions with more than four  signal  phases  was found 
to be  significant. The  equation 0btaine.d was 

RE = 1.25x(Epl) + 13.23P - 36.41 

having the following  parameters 

R square = 0.637 
Std. error = 19.7 1 



F value = 59.78 
Probahility=0.0000 

5.3.3 Discussion of models 

Shown in Figure 7 is the plot of rear end cohsions against exposure as given by equation 1 from 
Table XII. All the three  complete  models with the site  factors  indicated that approaches with turn 
left at any time with care sign experience a high proportion of rear end  accidents.  This  situation 
agrees well with  people's  perceptions on the use of this sign. It  is  argued  that (he provision of 
lurn  lefl  with care at any time is a safety hazard. Rear end collisions can  occur  more frequently a 
the  data  suggest. because  a following left turn vehicle asurnes that the leading vehicle has made 
the turn  whereas inpact it hasn't. The following vehicle at that time may be watching the cross 
trallic  and  not  the vehicle in front and in so doing ran into the  rear of the leading vehicle. 
Comparison of these  models  indicale different factors being significant in the CBD and  outside 
the  CBD. This suggest the best models  to  use in prediction should he the models  developed 
separately  even  though  there is not much difference at the five percent  level  hetween the values 
predicted  by  the  complete  model developed using the full data  set and the separate ones. The 
positive  correlation  between the light turn ban at certain times of the day with rear  end collision 
is  more  difficult to explain.  Further  study  into the behaviour of motorisls of these  signs  when not 
in use and  when in use is  required  to understand this phenomenon. As it now  stands the only 
appropriate  reason  that  could he assumed  may he poor knowledge of the  times  when  these signs 

Rear end crashes Venus exposure 

0 20 40 60 x0 

Exposure 

Regrsssion  line ......"_"__ 95% confidence  le vel 

Figure 7: Approach r e x  end  acciden&  -exposure  relationship  (SA. 1988-91). 
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are in operation, and are then forced to react suddenly upon discovering  that the  turn is banned 
resulting in either  a collision from behind or in front. The model for the whole  intersection 
indicates  that  complex signal phasing in terms of number of signal phases in a cycle  results in 
more  crashes. This together with possibly lower vehicular speeds in the  CBD and drivers'  better 
knowledge of traffic situations  in the CBD may results in there being fewer  crashes per 
intersection in the  CBD lhan elsewhere. The amount of varialion explained by the model was 
improved  when  the  whole intersection was considered. 

5.4 SIDE SWIPE COLLISION MODELS 

5.4.1 Introduction 

Side  swipe  accidents o c c ~ ~ r  between vehicles travelling in adjacent  lanes  or  when  one vehicle is 
hying  to  overtake  another or is c l~ang in~  lanes. A crash involving any of the vehicular 
movemen& shown below is lherefore classified as a side swipe accident: 

Side  swipe accidents  are relatively uncommon at signalised intersections, only 619  (9.7% of total 
crashes) were contained in the whole  database  (see  Table 111). However  since  some  approaches 
have vel? high numbers  (a maximum of 61). some  attention is needed. Side  swipe  accidents are 
associated  with the leg of the intersection on which the vehicles were travelling similar to  that o l  
rear end collisions. Hence the sane  exposure  measure  considered for the rear  end  accidents was 
used (ie. the total sum of all traffic using the approach). 

5.4.2 The regression models 

a. Approach based models 

Various  functional fonn of this exposure measure were investigated. The  most signicicant model 
obtained was again the linex one as shown below in Table XII. The inclusion of the site factors 
resulted in equation la.  The approach with the maximum number of collisions appeared to be an 
outlier,  having  a value ol' nmrs than six standard de.&tion above the mean. It was removed from 
the analysis after  observing that it was having a  profound intluence on the final model.  Models 
obtained  using the separate CBD  data  are @en by equations 2 and 2a and  that lor  the suburban 
data  are given by equations 3 and 3a. The  models  developed  considering the flow  exposure 
measure  only  were  not statistically diiferent from the one obtained when  the full dataset  was 
considered. due to there being no difference in the crash rate of this collision type  between the 
CBD and  suburban  areas.  However  when the site factors  were  considered the  factors  found Lo be 
related were slightly different. Although the model  parameters  are all strongly  signillcant. the 
explanatory power of these  models  is weak. as may be seen  from [he R' values shown in Table 
XIII. 
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Table XIII: Approach  based  models for side swipe  crashes 

b.  Model for whole  intersection 

The  exposure  measure considered  was the sum of flow entering the intersection  that  is summing 
the  exposure  measure on each approach  together.  The regression equation  obtained  was given 
by: 

SW = 0.16YxEpl- 4.40 

having  regression  parameters of 
R square = 0.184 
Std. error = 8.02 
F value =62.61 
Probability=0.0000 

None of the intersection  site  factors was found significant  when  introduced  into this model. 

5.4.3 Discussion of models 

Figure  8 shows the plot of side  swipe  crashes  against  exposure as given by equation 1 (Table 
XIII)  showing the 95 percent  confidence intervals. The  complek models  including  the site 
factors  indicate  the  number of lanes to be positively associated with side  swipe  crashes,  except in 
the  model for  the CBD which indicates that this type of crash  is related lo the width of the  road. 
This is to he expected  since  more lanes means more xhicles travelling side by side and also more 
possibilities for lane changes by drivers providing more  opportunities  for  side swipe collisions  to 
occur.  The incuerase is,  however, very modest as seen froin  the  coefficient of the lane Variable L 
(equations l a  and 3a in Table  XIII)  Approaches with multiple turning lanes  increases this type of 
collision  possibly, due to drivers  encroaching  into the nearest lanes whilst  turning, a phenomenon 
which  is  very  common with inexperienced  drivers  or those turning a1 high  speeds. 
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Figure 8: Approach  side  swipe  accidents - exposure  relationship (SA, 1988-91). 

5.5 APPROACHING COLLISION MODELS 

5.5.1 Introduction 

This  type of crashes  involves all type of collisions involving vehicles travelling in the same 
direction 011 the sane  approach, that is all side  swipe and rear  end collisions. These  make up 
about  60  percent of dl crashes  at si,onalised intersections. Signals are  not installed to eliminate 
these  types of crashes, which may actually increase at intersections  when  signals are installed. 
Separate  models developed  for  these  crash  types indicakd a linear relationship with the  approach 
flow. It was thus  necessxy  to investigate the kind of relationship that  exists  between these 
approaching  vehicle  collisions and the total approach ilows as the exposure  measure. 

5.5.2 The regression models 

a. Approach based models 

The best  regression  model  obtained was 

AP = 0.554x(Ep5) + 0.644 

R square = 0.229 
std  error = 9.96 
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F value = 126.00 
probability = 0.0000 

This model  suggests a modest 0.6 crash with no  llow, a value which  was  reduced when the sik 
[actors were included. The model  obtained when the intersection  site  factors  were  introduced is 
shown below. 

AP = 0.447x(Ep5)+2.03A+2.82C-2.86CBD+4.46D+2.38G+7.381-1.64 

R square = 0.438 
std  error = 8.50 
F value = 47.96 
probability = 0.0000 

Site  factors  found  to be significant included approaches with an exclusive  protected  right turn 
phase (A), right  turn ban during cerlain times of the day  (C). multiple turning lanes (D), three or 
more  lanes at  the  stop line (G). turn  left at any time with care sign (I), and  the CBD  factor. With 
the  exception of the CBD factor all the others had positive coefl7cient indicating an increase in 
crashes  where these are present. A reduction in  approach  crashes in the  CBD is in h e  with the 
observed  crash  statistics  showing  lower  crash  rate per intersection in the CBD  compared with 
other  areas. 

When  the  separate  CBD  data  set  was used the repression  model was 

AP = 0.483x(Ep5) - 1.22 

with regression  parameters 
R square = 0.307 
std  error = 7.67 
F value = 79.17 
probability = 0.0000 
Inlroduclion of the site  factors  gave the relationship shown below 

Ap = 0.275x(Ep5)+8.63C+12.48D+8.381+5.42N+0.03 

with regression  parameters: 
R square = 0.507 

F value = 37.00 
probability = 0.0000 

The site  factors  found  to be signilicant included approaches with right turn ban during  certain 
times of the day (C), multiple turning lanes (D), turn  left at any time with care sign (I), and 
approaches with more than one signal phase per cycle (N). 4 1  these  factors had positive 
coefficient  indicating an increase in crashes whel-e these are  present. 

std  error = 6.47 
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The  model  obtained using suburban  data set was: 

AP = 0.707x(Ep5) + 0.657 

with regression  parameters of: 

R square = 0.260 
std  error = 10.71 
F value = 86.58 
probability = 0.0000 

When the intersection  factors  were  introduced the factors  found to be significant  included  the 
number of lanes (L) and left  turn at any time with care  sign (I). The model  obtained was: 

AP = 0.487x(Ep5)+8.711+3.60L-8.88 

with  regression  parameters of: 

R square = 0.343 
std  error = 9.29 
F value = 65.67 
probability = 0.0000 

b. Intersection  based models 

The regression  equation  obtained based on he entire  intersection  was given by: 

E(A) = 0.95x(Epl) - 20.51 

with regression  parameters of: 

R square = 0.373 
std error = 28.14 
F value = 68.98 
probability = 0.0000 

When the intersection Factors were  included the CBD  lkctor and intersecdon  with  more  than  four 
signal  phases  per cycle (P) were  found significant following the sane  trend as  the total 
intersection  model. The equation  obtained was: 

E(A) = I.Oilx(Ep1) - 18.72CBD + 20.45P - 22.49 

with  regression  parameters oT: 



R square = 0.542 
std  error = 24.05 
F value = 46.03 
probability = 0.0000 

The  model obtained  when Ihe CBD data set was used separately  was 

RE = 0.0.707x(Ep I )  - 19.29 

R square = 0.454 
Std.  error = 20.23 
F value = 39.29 
Probability=0.0000 

This  model  was  also  highly  significant with regression  parameters  shown  above. No intersection 
factor  was  significant when introduced. 

The model  obtained  using the suburban data set only was 

RE = 1.693x(Epl)-  49.25 

R square = 0.626 
Std. error = 24.28 
F value = 112.94 
Probabilily=0.0000 

This model  was also highly significant with regression parameters  shown  above.  When the 
intersection factors  were  introduced, intersections with  more than iotlr signal phases was hound 
to be significant. The equation obtained was 

RE = 1.569x(Epl) + 13.05P - 47.55 

having the following  parameters 

R square = 0.643 
Std.  error = 23.72 
F value = 59.78 
Probability=O.0000 

5.5.3 Discussion of models 

Signifcanlly valid models  have been developed for approaching vehicle crashes  using  the total 
approach  flow.  However, the amount of variation explained by the models  is low  as seen I o m  
the R squared values. As expected  approach  crashes  were  found to be linearly related  to the 



approach  flow  with  some of the coeIficients not different from  those  obiained foor the mar end 
collisions only. This is as  expected since about X0 percent of approaching  collisions are of the 
rear end  type.  The dominance o l  rear end crashes in the approaching  crash  models is further 
reflected in ihe  site  factors  found significant. The sane factors  found significant in  the  model  for 
rear  end  crashes  are  also significant in the approaching collisions except  that  there  are  some 
slight differences in the  coeflicients of the factors.  Once again the most  significant  factor 
appearing in all the approach-based models. was  approaches with left  turn at any tune with care 
sign (I). For  the whole intersection model. iniersections with more than four phases per cycle 
(P) and the CBD factors  were found to be highly signilicant. The  amount of variation explained 
foor the  model based on the whole intersection was higher than the  approached  based  models. 
However,  the  intersection based models  have the disadvantage of not  being  able  to  accommodate 
the intersection and  signal  factors 

5.6 RIGHT ANGLE COLLISION  MODELS 

5.6.1 Introduction 

In South Australia  right  angle  crashes  are defined to he collisions involving vehicles t r a v e h g  on 
adjacent  approaches of ihe intersection. A crash involving any o i  the  vehicular  movements  shown 
below is iherefore  classiiied as a  right  angle collision: 

This  type o i  crash is the main type of collisions supposed to be eliminated by the installation of 
traffic signals. However,  it  is  observed  that  light angle crashes  constiiute  about 14 percent of all 
crashes  and  form  the ihird most  frequent collision type at signalised intersections. wiih a mean 
crash rate of 2.31 per intersection lor 1 years (see  Table 11). The distribution of these  crashes is 
not noma1 and is skewed  positively  around the mean. The maximum number of crashes  recorded 
per  approach  was 12. a value quite low compared with the maximum of (he  other  three main 
crash  types. The operation of signals would indicate that lhis type of collision could  occur  when 
dlivers  attempt to run the right  lighl. In data coding. ri@t angle accidents are associaled with the 
leg of the intersection  whose  stop line is closest to the point of collision. Righl angle  accidents 
between  vehicles  travelling, on approaches 1 and 2 are associated with approach 2, between 2 and 
3 are associated with 3. between 3 and 4 is associated with approach 4 and between 4 and 1 are 
associated  with 1. This delinition of right angle accidents mems ihar for approach I ,  right angle 
accidents are  those that involve vehicles from the  light. This will involve the through traffic q l 1  
from  approach 4 and traflic from approach 1, and the right turning traffic q12 from approach 4 
and the right turning and through movement from approach 1. Hence the exposure measure 
considered  for right angle  collisions in\:olved the functional  form of these  movements given by 

E g 6 = ( q l l x V I ) + q 1 2 x ( q 2 + q 3 )  



5.6.2 The Regression models 

a. Approach based models 

The significant regression  equations obtained are  shown in Table  XIII. The exposure only model 
obtained as shown in equation 1 of the table indicates that right  angle  crashes  appear  to be 
related non linexly  to the exposure  measure used with a low power of 0.2. This value was 
obtained by non linear regression  method. Inclusion or the site lactors resulted in equation la. 
with the only site  factors  entering  the relationship being approaches with a right turn ban during 
certain  times of the day(C).  This  factor  tends to increase light angle accidents  when  introduced. 
Considering the CBD and suburhan data separately  gave  expressions 2 and 2a, and 3 and 3a 
respectively.  Inclusion of the site factors indicated  approachrs with light turn filter phase (B) and 
shared  left  turn  lane to be positively related this crash type for the CBD area. For  the  suburban 
areas,  light  turn ban durins certain times of the day (C) and approach having more than one 
movement  phase  per  cycle  were  posiliwly related with h is  crash type. Even  though  the  models 
were highly significant statistically. the variation k ing  explained is extremely low as  seen  from 
the R square values. This indicates  how poorly the o c c ~ ~ l ~ e n c e  of his crash  type  depends on the 
tralTic movements  contlibuting  to  its  occurrence. at least at signalised intersections.  This low 
explanatory  power may he related to the observation  that signals are  expected  to  signikantly 
reduce l-ighl angle collisions. Where such crashes still occur at signalised intersections  these may 
well  be other site  specific  factors at work. 

Table XIIL Approach  based  models  for right angle crashes 

h. Model for whole intersection 

The exposure meastlre considered was the sum of exposure  detennined  for all the  approaches of 
the  intersection.  The  regression  equation obtained was given by: 

RA = 0.757~(Ep6)~.’+ 0.35 

R square = 0.234 
standard  error = 5.21 
F value = 37.94 
probability = 0.0000 



This  model  indicates 0.35 crash with no flow, a value which statistically is not different from 
zero. None of the  intersection  site  factors was found signilkant when  introduced. 

5.6.3 Discussion of models 

Figure 9 is a  scatter  plot of approach right angle crashes with the  exposure  measure  showing the 
regression  model given by equalion 1 (Table XIII). This plot  apparently shows a  random 
distribution of crashes  with  exposure indicating clearly how poorly related this crash  type is with 
the  exposure measur-e. Drivers  are  most likely to run the red light during times of low trafkic a 
situation  which is independent of the total traffic through the intersection. It is  very likely that if 
!he actual  volume o f  trafllc through the intersection during the  occurrence of these  crashes  were 
known  and used to develop the models then more eftycient models  may be  obtained 

I Right angle crashes Yenus exposure 

Regression  line ...."...".. 95% confidence level 

Figure 6: Approach  right  angle  accidents - exposure  relationship (SA, 1988-91) 

5.7 RIGHT TURN CRMHES 

5.7.1 Introduction 

Right  turn c1-ashes (termed  indirect  light angle crashes in WA) involve crashes  between vehicles 
travelling on  opposite  approaches in which at least  one of the vehicles is turning  right. Thus a 
crash involving  any o f  the vehicular movement shown below are classified as right turn accidents: 
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It  is  the  second  most  frequent  occulring type of crashes at signalised intersections, making up 
about 17 percent o l  all crashes  as  shown in Table 11. Table XIV gives a summxy statistics for 
h i s  crash  type  broken  down  into  categories depending on the type of right  turn  signal  control 
employed.  The crash  distribution  is highly skewed positively around the mean with  a mean crash 
occurrence  ol'3.39  per  approach for the four year  period and a maximum of 35 crashes. In terms 
of the various  right  turn signal controls  employed, the exclusive protected  right  turn  phase is 
found  to  be the least  hazardous  and the most  dangerous being approaches  with both the 
protected/filtcr  phases in operation.  as seen from the mean crash  value per approach  shown in 
Table XIV. Right  turn  crashes  are  associated with the leg of the intersection from which  the 
turning  vehicle  has  come. Detailed studies of all the right turn accidents showed  that only four 
accidents  involved vehicles of movement type 3 shown  above.  Hence this type of crash is rare 
and not considered  a problem. As a  result  two types ol' exposure  measures  were  considered, one 
taking these  movements  into  consideration and the other ignoring them. The  exposure measures 
thus  considered  were  for  approach 1 defined as 

Ep7 = q3 x  (q7 + 48) neglecting  movement type 3 and 
Ep7a = q3 x (97 + q8 + 99) including  movement type 3 

Table XIV: Summary statistics for Right turn crashes 

Parameten lAll data IProtected /Filter IFilter/protected 
No. of Approaches I 3391 821  2201 35 
Mean 

Lower 
SkPW"PEC 

3.97  16.21  29.69  16.78  Kurtosis 
4.34  4.43 4.44  4.45 Standard  Deviation 

3 2 1 2 Median 
4.06 3.71 2.30 3.39 

- .- .. "I" I 3.331  3.901  3.161 1.90 
quartile 11 01 11 1 

Upper  quartile 

19 15 '13 35 Maxitnlnn 
0 0  0 0 Minimum 
5 5 3 5 

5.7.2 Regression models 

Both l inea and power  fonns of these  exposure  measures  were  investigated.  Models  obtained by 
the use of exposure form  "Ep7a" did not provide any improvement and so were  not pursued any 
further. Four different  cases of this  type of accident  were investigated. The  first  was all right  turn 
accidents  and  the remaining three  depending on the type of right turn controlled  employed  (ie 
whether  protected,  lilter or both protectedifilter  light turn controlled). The regression  equations 
for the four cases are  shown below and identified by: 

1. RT = all right  turn  accidents 



2. RT1 = protected light turn phasing 
3. RT2 = filler  right turn phase 
4. RT3 = both  protected and Cilter right turn phasing operate 

a: All right turn crashes 

The total right  turn  crashes were difficult to model. The model  obtained using the  exposure 
measure  defined  above  was highly insignilicant as seen liom  equation 1 in Table  XV.  They  were 
found to be loosely related Lo the right turning flow q. and the sum of the  opposing  contlicting 
llows Q in the form of 

RT u q"Qb 

where  the  constants a and b were  found  to be different from  each  other. This result  is similar to 
that  obtained by Hall (1986). The result  obtained is given by equation l a   i n  Table  XV 

b: Right turn crashes under protected right turn phase 

AU the functional f o r m  of the  exposure measure used including  those  developed by Council at el 
(1987) were  found  to  be  insignificant for the protected right turn phase. The Council et al(1987) 
exposure  measure  was related only to the two  right turning flows (left turning flows in the USA) 
if the two movementS were allowed lo move at the same time and independent oT the How if 
othelwise. This seemed  to  suggest that right turn  crashes  are  independent of the trat'lk 
contributing  to  this type oT collision. Considering  the  site  factors it was  found  that  right turn 
collision  in  a  protected  right  turn phase were related positively with shared  light  turn lane (E), 
approaches  with  more than one signal phase per cycle (X) for some  movement and if the 
intersection is coordinated or no1 (K). These  factors  contributed  a  total o i  about nine  crashes 
over  the  period  considered. 

b: Right turn crashes under  pernlissive (filter) and both permissive/protected right turn 
phase 

Bolh filter  right turn phasing and filter/protected  rizht turn phases were found to  be linearly 
related  to the exposure  measure  as  shown in Table  XV  equations 3 and 4 respectively.  Inclusion 
of the site factors  resulted in equations 3a and 4a Cor the filter only phase and both 
filter/protected  right tun phases respectively. 

Subsection b and  c of Tables  XV  are  the  results obtained using the  separate  data  from  the  CBD 
and suburban  areas.  These gwe  a slightly different equations especially when  the site factors 
were  included,  even  though  some  factors  were  found to be  common to all  three  different  models. 

Due  to the low  explanatory  powers obtained from the exposure  measures  used, an attempt  was 
made to investigate  whether  the  exposure measures developed by Council at  el (1987) would 
provide an improvements on the models obtained.  Howeyer.  none of these  exposure measures 
provided  any  better  models. Most of the models obtained were not even significant. This seem to 
suggest  that  those  exposure measures are not applicable to the SA conditions  assuming those 



Table XV: Approach  based models for right turn crashes 

a. All data set 

Folmula 
0.5342 0.387  4.46 0.001 1. RT = 0.002x(Ep7) + 3.32 
Prob. F value Std.Error RZ 

la.  RT = 2 .02q00~~03 - 0.97 0.0000 26.40  4.30  0.070 
lb .  R T =  2.86q0.0GQ0.' +2.16B+1.53E-1.13J-4.36 0.0000 15.71  4.11 0.149 

2. RT1 = 2.41 - 0.0012x(Ep7)  07629 0.009 3.30 0.001 
2a. RT1 = 5.58E + 1.8K + 3.25N - 1.81 0.0001  8.56  3.93 0.2 19 

I I I I 
3. RT2 = 0.14(Ep7) + 1.43 I 0.333 I 3.62 I 110.65 I 0.0000 
3a. RT2=0.165(Ep7)+2.9IC+1.21E-1.35CBD+1.751+ 0.0000 30.28 3.43 0.406 
1.69N+0.81 

4. RT3 = 0.123(Ep7) + 0.74 I 0.209 1 3.85 I 9.99 I 0.0034 
4a. RT3 = 0.095(Ep7)+5.14M+0.57W-5.77 I 0.494 I 3.09 I 12.06 I 0.0000 

b. CBD data 
~~~~ 

Formula Prob. F value Std.Error R2 
1. RT = 2.95q0."GQ"-3 - 3.01 

0.0000 8.24  4.87  0.128 la. RT = 4.59q0.0GQ0-3 + 3.08B+2.03E-  10.46 
0.0002 14.47  4.50  0.083 

2. RTl = 5.96 - O.Olx(Ep7) 0.2738 1.29 7.63 0.018 
2a. RTI = 1.83E  +1.42  0.0343 5.5 1.35 0.231 

3 1  RT2 = O.lS(Ep7) + 0.57 I 0.413 I 3.73 I 92.37 I 0.0000 
3a. RT2 = 0.18(Ep7)+2.6E-l.31 I 0.406 I 3.43 I 30.28 [ o.oooo 

c. Suburban data 
Formula 

0.0000 14.41  3.30  0.223 la. RT = 2.34q"06QQO'+2.49B+1.66E - 1.755 - 2.69 

Prob. F value Std.Error R? 
1. R T =  1.48q0.D6Q"3 +0.1 0.0005 12.52 3.64  0.058 

2. RTl = 1.49 + 0.009s(Ep7)  0.2056  1.64  3.07 0.010 
2a. RT1 = 3.4E + 1.79N  +0.07 0.0059 5.59 2.88 0.13 

3. RT2 = O.G(Ep7) + 2.29 I 0.224 1 1.28 1 26.34 I 0.0000 
I I I I 

4. RT3 = 0.124cEp7) + 0.67 I 0.210 1 3.91 I 9.78 1 0.0037 
4a.  RT3 = 0.095(Ep7)+5.16M+O.57W-5.76 1 0.494 I 3.13 1 11.72 1 0.000 



measures  to he accurate. This may bc due to many factors including the  operation of the signals 
and regional differences in driver hehaviour. When the site  factors  were  introduced,  equation l a  
in Table XV was  obtained indicating approaches  operating the right  turn  filter  phase (B) and 
shxed right tuvn lane (E) to he significant. 

b. Model for whole intersection 

The  exposure measure  considered  was  the sum of exposure  determined  for all the approaches 01 
the intersection. The regression  models obtained Lor crashes in the  protected  right  turn  phase and 
both  protected/filter  phases  were  found  to k insignificant. The model  obtained  for the filter 
phase  right  turn  crashes  was 

RT2 = O.lO5xEp + 5.94 

R square = 0.251 
standard  error = 7.69 
F value = 25.41 
Probability = O.ooO0 

None of  the  intersecliol~ site  factors  was  found  significant  when  introduced 

5.7.3 Discussion of models 

All right  turn  crashes  grouped  together irrespective of the right  turn  phase  employed  was  found 
to  related  with the  light turning Ilow, q, and the sum of the conflicting flows Q assuming 
different  exponents.  The explained \.ariation is  however very low as  compared  with  those 
obtained  when the data  were  disaggregated based on  the type o f  right  turn signal phasing 
employed  as given by the  vaious R square. This result is in agreement wilh those obtained by 
Hall (1986)  and  Huaer  (1986).  When the site  factors  were  introduced  approaches with fiter 
phase (B) and shared  right  turn  lane (E) were  found  to  contribute to an increase in right turn 
crashes. The contribution o f  the lilter phase is understandable and expected.  That  due to the 
shared  right  turn  is not quite clear and requires  further  study  on  the field to visualise the 
operation oL these mo\:ements. It is possible that the nnning vehicle sight  distance  and view may 
be  blocked  by the opposing turning vehicle or the through movement if it  is  following  one. 

For an exclusive  protected signal phase, right turn collisions were  found to be  unrelated to 
exposure. This collision type  can only occur here if drivers m n  the red light. The no relationship 
phenomena  obtained  here  does  agree wilh the second  part of the exposure  measure given by 
Council et a1 (1987) stated  earlier.  The  disagreement in the first  part may be due  to differences in 
signal operations in SA and the USA. In SA. most  right turning vehicles move with the through 
movements  whereas  this  may  not be so in the USA. 



Valid linear relationships wel-e found between right turn crashes and exposure  for the filter and 
both  filter/protected  right  turn phases. These collision types  occur possibly by turning  drivers 
inability to select  appropriate  gaps  in the opposing traffic stream  (Howie and Anlbrose, 1989). 
Shown in  Figures 10 and 11 a ~ e  the  plots of r igh  turn crashes with exposure. No factor  was 
found  significant for the filter right turn phase when the  suburban  data  was  used  separately 
indicating that the factors  found significant when the lid1 data  set  was used came as a result of 
combining  both the CBD and suburban data.  Shared light turn  lane (E) was  found to be 
sigrutkant in the  models using the full data  set and for the CBD area. Models for  both 
filtedprotected  right  turn  phase indicated three leg  intersections (M) to be associated with high 
right  turn  crashes. This is in agreement with the lindings of Hughes (1990). The  approach  width 
was also found to be positively correlated with right turn  crashes. In most of the intersections 
used the  approach  width  is half the total width of the road.  Thus  wide  approach width implies a 
large  tuming radius for  the right turning vehicles. This means  longer  time  spent in the 
intersection and  an increue in the probability of a  through vehicle colliding with the turning 
vehicle. 
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Figure IO: Approach right turn  crashes  (Filter phase) exposure  relationship (SA, 1988-91) 
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Figure 11: Approach  right turn accidents (both filtel/protected  phases) exposure  relationship 

5.8 VALIDATION OF MODELS LSJNG WA DATA 

On the  whole, validation of the models using WA data indicated a poor  lit  to the data meaning 
these  models  could not be used to predict crashes in WA and possibly other  areas  with  different 
traffic flow and  crash  characleristics from that of SA. This is not  surprising  given  that  the SA 
data did not  fit  the  WA models. Shown in Figure 12 are plots of predicted values against  actual 
values  for the various  crash types. I t  can be observed  that the model for the total  intersection 
crashes  predicted the actual values quite well for  crash frequency of up to ahout 60 as seen for 
Figure 12a. Above this values the model was always  underestimating. For the various  crash types 
the  models  underestimated the crash frequency most of the time (see Figure 12b-12f). The  study 
has  thus shown that regcession models developed from one  area  cannot be used 10 predict 
crashes  from dil'l'erent areas  without  some folm of re-calibration.  During the model  fitting 
process it was  however  found  that  there  were some agreement in the predicted and actual values 
if the  crash  rates in the two areas  were  comparable. 
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Figure 12: Plot of predicted  crashes  against  actual  crashes  recorded (WA, 1986-89) 
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6.0 IMPLICATIONS AND USES  OF  THE  MODELS 

The objectives of this study was to  develop predictive models for  crashes  at intersections and to 
formulate planning techniques  that would enable traffic engineers to be  proactive in designing 
traffic management  schemes  that  reduce the likelihood of crashes. This can  be  achieved in  the  use 
of the models in predicting  future  crashes,  estimation of the intersection safety and the impact of 
a particular  management scheme. The estimation of intersection  safety will provide  means of 
comparing  the  safety of different  intersections. 

6.1 PREDICTION OF CRASH  OCCURRENCE 

The main use of predictive  models  is predicting future  outcomes. The relationships  obtained 
could be used to  estimate the expected number of each collision type given a the traffic flow and 
the intersection  site  factors.  This will enable traffic engineers and planners  to be in a position to 
evaluak  the effects of signals at a particular intersection before installation or due to changes in 
signal design. or changes  in traffic flow as a  result of factors  such  as  closure of a  nearby street, 
construction of a  freeway nearby or changes in the sumounding landuse. The investigation of 
whether  the  installation or modilication of signals increase rear  end  crashes  and  reduce right 
angle  collisions  can  be  undertaken by the  use of these relationships. Currently,  such  analyses has 
to be  performed by before and after studies with a  comparison with a  suitable  control  sites. 
However,  selection of appropriate  control  sites is often difficult. The  models  developed  could 
easily be  integrated  into  computer planning packages to assess the safety  impact of different 
planning alternatives  before implementation. 

6.2 DESIGN  FEATURES  RELATED TO SAFETY  PERFORMANCE 

Some  signal and intersection  design  features  have  be found to be correlated with the frequency of 
crash  occurrence at a  site and hence affect safety performance. The most influential  factors 
modifying  crash  frequencies by more than five over a  four  year period include the following: 

Number of lanes (L and G) at  the  stop  line 
The number of lanes at  the  stop line was found to be positively related with approaching 
collisions (rear  end  collisions and side  swipe collisions). This shows  that  approaches with more 
lanes at  the  stop line will experience high frequencies of  this collision type. For example, 
approaches  with  more  than three lanes at the stop line will record  about  two more collisions  ovcr 
the period of the approaching  collisions type compared to those with less than three  lanes. 

Amroach width (W) 
The  approach  width  was also  found to be positively correlated with right  turn  crashes and side 
swipe collision (CBD area only). Wide approach width implies a large turning radius  for the right 
turning vehicles. This means  longer time spent in the intersection and an incr-ease in the 
probability of a  through vehicle colliding with the turning vehicle. Wide  approach  width  also 
increase  the  likelihood of more vehicles travelling side by side and the probability of more 
overtakens  by vehicles taking place. Hence  increase in the probability of side  swipe collisions 
occurring. 
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Multiple  turninr  lanes (Dl 
Multiple  turning lanes was  found  to  be  correlated with r e x  end and approaching collisions and 
so should  be  used  only  when  appropriate. 

Tun left  at  any time with care  sign (11 
This is the single  most influential faclor  found to increase the  occurrence of approaching  crashes 
especially rear  end collisions. It increases the frequency of these collisions by over  seven  crashes 
over  the time period.  It  should  therefore be employed with caution and only after dete1mining its 
over  net  benefits. 

Number of intersecting  legs (M). 
Approaches  with bolh pelmissive and protected right turn control  at  three  leg  intersections 
experience  about five more  right  turn  crashes than their counterparts in the  four leg  intersection. 
This  means  this  control  type is not  suitable for  the three  leg  intersections. As will be shown  later 
on, both permissive/protected signal phasing is not  appropriate  for  reducing light  tuln collisions, 
and  should  therefore  not be used ii a light turn conlrol is to be provided to  reduce  the 
occurrence of right  turn  crashes. 

Right turn ban at certain  time of the day (Ci 
This  control  type  was  found  to  result in an increase in the three  most  frequently  occurring 
collision types at signalised intersections  (rear  end,  right angle and right  turn  crashes). The 
reason  for  the  occurrence of these collisions may be  poor  knowledge of the  times  these  signs are 
in operation  and/or  poor visibility, resulting in drivers being forced to react suddenly upon 
discovering  that  the  turn  is banned. It is therefore necessxy that these  signs be well illuminated 
and  place at a sufficient distance from the intersection to allow drivers  enough time to take  the 
appropriate  action.  Further  study  is  required to relate the time of crash  occurrences  to the time of 
the ban. This will help detelmine whether  these  crashes  occur  when  the ban is in operation  or 
noi. 

Right  turn  control 
The frequency of light turn collisions is found to be intluenced by the type of light turn  control 
employed.  Right turn crashes  under  the  protected  right  turn  phase were relatively small in 
numbers,  and  were  found to he unrelated to the exposure  measure. On the other  hand  under  the 
permissive and both pelmissive and protected  phases light turn  crashes were  found to be related 
h e a d y  with  exposure.  The coefficients of these linear models  were  statistically  not  different 
from each  other, indicating similar risk to collision under  both  control  types. This implies that, 
for positive  control of light turn crashes,  the  light turn phase  should be fully controlled. Any 
attempt  to  permit a permissive  phase  at any stage of the cycle will not  help  reduce the Occurrence 
of this collision type. 

Number o f  signal  phases 
Intersections with complex signal phases having more than four phases  per cycle were  found to 
have  increased  intersection collisions, palticularly rear end  crashes  (see section 5.4.2b). This 
implies that  the  optimum number of signal phases  per cycle for the types of intersection 
considered in this study  should bc limited to four  whenever possible. Approaches havin, morc 



than one  green  phase  per  cycle (N) were  found to have increased  approach  number of rcar  end 
and  right  angle collisions in the suburban areas. (The signal design philosophy employed in the 
Adelaide CBD means that approaches with more than one green phase  are rue, if any at all). 

Other  factors influenced the occurrence of collisions, but only marginally. These  include  shared 
right lurn lane (E) and the petmissive tight turn control (B), which are positively correlated with 
light  turn collisions, shared  left turn lane (J), protected  tight turn control (A). Shared  left  turn 
lane is negatively correlated with right turn crashes while protected right  turn  control is 
positively related  to  approaching collisions. Some 01 the links between  these factors and  crash 
occurrences  are  expected,  others  are  more difficult to explain and  thereiore calI for  further  study. 
as discussed  in  greater  detail  under section 7.2. 

6.3 INTERSECTION SAFETY 

For  the  purposes of this report, intersection safety is defied as the  number of crashes  per unit 
time  that is expected to occur in the long run at the intersection. This is another area where 
predictive modelling is of prime importance. It could be used in estimating  the level of safety of 
an intersection and thereby enabling the comparison of the safety of one intersection with 
another. It could  also be  used in estimating the  likely safety impact of signals hefore installation. 
The models  could be used Lo estimate the number of crashes expected E(A) at  each  candidate 
intersection. The diiyerence (di) between the actual (x) and expecled  crash  frequency  can then be 
detelmined as: 

di = x - E(A) 

This difference could  then be used to determine which intensection is safer,  or  even used to rank 
sites for  selection  for  treatment. 

The  use OF the  above  models tvdl predict that intersection with similar characteristics in terms oT 
flows and  site factors to  have  the sane numkr of crashes.  However. it is well known  that  crash 
occurrence  varies  from site to site and even at  the  same site from one  period  to  another.  It is 
therefore  appropriate  to  account  for this variations in crash occurrences. In this  regard the 
approach  suggested by Persaud (1988) could be used to refined the predicted values. He 
suggested  that. based the assumption that  road crashes follow the Poisson  law,  the  expected 
number of crashes at any site could be estimated from the actual crash  obselved (x) and that 
estimated  from  the regression model €(A) by the relation 

E(A/x) = x + [E(A)/Var(x)][E(A) -x ]  

where 
E(A/x) is the  expected  number of collisions given that x collisiorls has occurred in a certain 
period of time and 
Var(x) is the variance of the observed crash a1 the site. 

The refined estimate  could then be used in estimating the safety of intersections  and assessing the 
impacts of signalisation  as described above. 
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7.0 COKCLUSIONS  AND  RECOMMENDATIONS 

7.1 SUMMARY OF FINDINGS 

This report  desclibes a study of road  crashes at intersections in South  Australia.  A  database or 
intersection  crashes by type  and  sevelity, intersection h'affic flows,  geometry,  control,  and  design 
leatures  was assembled. This database  was used in an analysis of lhe  crash  situations at selected 
signalised  intersections  and  roundabouts and  the. development of predictive  models for  crashes  at 
signalised intersections. A total of 6391 crashes at 115 signalised intersections  and 436  at 10 
roundabouts  over  the  four  year period from 1988 lo 1991 were  studied.  The main f idmgs 
include the following. 

7.1.1 Crash statistics 

1. The mean  accident  frequency  over  the period was  55.57  crashes  per  junction (ie. 13.99 
crashes  per  junction  per  year)  for signalised intersections and 43.6 (ie. 10.90  per  junclion  pcr 
year)  lor  roundabouts. 

2. The crash  rates  per  million  vehicles  entering lhe intersections were 0.93 and  1.29  for signalised 
intersections  and  roundabouts respectively. Based on the small sample of roundabouls 
investigated it  was  found  that  at higher flows  roundabouts  experience a higher crash  rate than 
signalised  intersections with similar flows. 

3. Intersections in the Adelaide CBD experienced  a  proportionally  low  number of road  crashes 
but a higher traffic llow density than elsewhere in the Adelaide metropolitan  area. The  low  crash 
rate and  frequency may be due  to low speeds and the  extra  care  taken by dl-ivers due to the 
higher levels of commexcial activities and pedestrian-vehicle interaction in the CBD. 11 is possible 
that  the  simpler signal phasing alrangements employed at the CBD intersections had some 
bearing on this result, although further research is needed before a  more definitive finding is 
possible. 

4. Signalised  intersections in SA experienced highel taflic flows,  loww crash  frequencies and 
rates  when  compared to similar  intersections in WA. 

5. Analysis of the accident by type showed  that the most Crequently occurring  crashes  are  rear 
end  crashes  (52.3% and 36.5'%), right  turn  crashes (18.2% and 3.4%)).  right  angle  crashes 
(13.1% and  22.0%)  and side swipe  crashes (9.710  and 30.3%). The values in brackets  are the 
proporlions  lor signalised intersections and roundabouts respeclively. These  account  for  over 90 
percent of all  crashes at signalised  intersections and roundabouts. 

6. Roundabouts  experiences  more  side  swipe  crashes and fewer light turn  crashes  than signalised 
intersections with comparable traffic flow. 

7. Right  angle  crashes  are  supposed  to be eliminaled by the installation of lraflic signals. The 
number of reported  road  crashes of this type suggested  otherwise, implying that signals are 
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unable to eliminate  this  crash type altogether  despite the known  studies  indicating  a  reduction in 
the  number and severity of right  angle  crashes  after the installation of signals. On the whole, it 
forms  the third most frequently  occurring road crash  type and so should  be of great concern. 
More detailed  research may  be required to investigate  the  circumstances  leading  to  right angle 
collisions at signalised intersections. For instance, do such  crashes  result  from illegal ‘red light 
running’ by some drivers? Do they tend to  occur at times of low traffic demand?  However, the 
number of collisions  per  approach  was small compared  to the other main crash  types (a 
maximum  per  approach of 12 in the database). 

8. Approaches with both  protected and permissive right  turn  phases  were  found  to  have the 
highest  crash  rate  among the three  light turn signal controls in use followed by the permissive 
(filter) movemen&  and lastly the fully protected phase. The  protected  light turn phases  were 
found  to  be  the  most  effective in reducing right turn  collisions. 

7.1.2 Regression results 

1. Valid predictive  models  can be developed for  crashes at intersections  based on the  flows of 
only the movemenls  contributing  to that type of crash by means of regression  techniques. The 
relationship  obtained  from regression models are associative in nature,  however,  the  large 
number of explanatory variables conside.red provide  a  strong  indication of cause and  effect. The 
amounts  of variation explained by the various models is mixed, but generally low to medium. 
Most of the regression  equations  have  negative  constant terms which means  that  the  use of only 
the  exposure  term will overestimate the number of crashes,  and  also  that  crashes of the particular 
type  studied  will  occur  after  a certain level ofllow ha been reached. 

2. For  the SA database. the square roo1 of the product of the cross flow was  found to be  a better 
predictor of crashes at siznalised intersections than the total  sum of flows  through the 
intersection.  This  result  was  diiierent  to that found by Hughes (1990) for  WA. The  reason [or 
this  difference is unclear and would need further investigation, but one contributing  factor  could 
be  the  extensive  use of one-way  streets  in the Perth CBD, which contributed many of the 
intersections  in the WA database. In a network of one-way  streets,  for  certain  intersections the 
cross  product of the conllicting  flows  is  zero. In such  situations  the  total sum of flows  would k 
a more  useful predictor of the total  intersection  crashes. 

3. Significant  models  have been developed for  each main crash type  based on individual 
approaches  to  the  intersections  and  for  the whole intersection. The approach-based  crash-flow 
models  enable  a  particular  crash type to be related to  functions of the flow movements 
contributing  to  that  type of collision. This  approach is the preferred option  whenever  possible as 
opposed  to a  model  for  total intersection crashes.  Apart  from using only the flow movements 
involved in the  particular collision type. the approach-based  models  make it possible  to  consider 
the various  intersection geornetry and signal factors which at the same intersection may k 
different for  each  approach, and which are  therefore impossible to use in models based on the 
whole  intersection. 



4. Rear  end,  side  swipe and approaching collisions were  found to be linearly related  to  the  total 
approach  flow, which is  reasonable given the  nature o l  these  crashes. The number of lanes was 
found to be significant in  the  models for  these  types of crashes. This can  be  expected  especially in 
the  case of side swipe  crashes  judging  from the definilion adopted  for  it,  as  the  more lanes  there 
are the more vehicles will be travelling side by side or lending to change lanes. The  other  factors 
found to be  significant  include  turn left with care  at any time sign which alone  contribute  about 
seven  crashes. This confiims the perception of safety people tend  to  have of this  manoeuvre. 

5. Right  angle  collisions  were  found  to be weakly related to  exposure  as  observed by the plot of 
the  right  angle  crashes and the exposure measure and the exponent of the  exposure (0.2) 
obtained lrom  the regression  model  (see  Table XIV and Figure 9). These  models  do not  produce 
efficient estimates  due  to  the wide variability associated with them. With  the  exception of the 
collisions of this  type  resulting from vehicle failure (which  were rare from the  data  used). this 
type of collision would be eliminated if all drivers obeyed the traffic signals. 

6. Approached based total  right turn collision was found to be related to the product of the  right 
turning  movement (9) and the opposing conflicting flows (Q), but with each of these  movements 
raised  to  a  different  power. 

7. No significant relationship was found between crashes and the flow exposure  lor right  turn 
crashes  under  the  protected  right turn signal phase. Vehicle collisions under  the  protected  right 
turn  phases presumably come  about by some drivers running the red light. It is likely that  these 
collisions  will  be correlated with the actual number of vehicles running the red light.  As such, the 
result  obtained may be exmded to imply that the number of drivers  running  the  red  light is 
independent of the  amount of right turning vehicles and the colresponding  conflicting  ilows. 
More detailed  research may be required to investigate the circumstances  leading  to  right turn 
collisions at signalised intersections  operating the protected  right  turn  phase. For instance, do 
such  crashes  result from illegal 'red light running' by some  drivers?  When do they occur for 
instance  at  times of low  traffic  demand? 

8. Right  turn  collisions uuder the permissive and both pelmissivdprotected  right turn signal 
phases  were  found to be linearly related to the  product of the right turning flow and the opposing 
conflicting  flows. 

7.1.3 Site and signal factors 

1. Intersection  factors  found to be correlated with intersection  crashes  include  turn  left at any 
time with care sign (I). double turning lanes (D), number of lanes (L), more than three lanes at 
the  stop  line (G). one  way  streets (H), shared  left (J) or right turn lane (E) and width of approach 
lane (W). 

2. The provision of turn  left at any time with care sign (I) is associated with an increax in the 
number of road  crashes especially approaching  crashes  (rear  end  and  side swipe crashes). 
However  its  use  should  not  be  discourage outright at this stage.  [This sign is usually employed at 
left turn slip lanes to increase the intersection capacity]. Rather, detailed investigation  into  its use 



and the circumstances  resulting into these collisions is required. This should  consider ils 
advantages  which  include  increase  capacity, time and energy saving and for  that  matter less 
adverse  environmental  impacts. 

3. The intersection signal factors  found to be significant in the  regression  models  include 
approaches  with the protected  right Lurn phase (A), the  fdter or pelmissive  phase (B), banned 
right turn at certain times of the day (C), and  more than one signal phase  per  cycle (N) for a 
given  approach.  For  the  tolal intersection crashes, the CBD  factor was  found  to  result in 
decrease in crashes  whilst  intersections  operating  on  more than four signal phases (P) contribute 
to an increase in collisions. 

7.1.4 Closure 

1. The specific  models developed for SA may not have  wide  general  predictive  capability. They 
may be useful only in predicting  crashes in areas wilh similx signals  operations.  landuse  and 
comparable  crash  rates.  These  can be inferred from the different relationships  obtained  from the 
use of the  separate CBD and suburban  data sets and the inability to accurately  predict the WA 
crashes.  Comparison of the models with those obtained from WA (Hughes, 1990) indicates  that 
crashes of a  parlicular type may he related to differen( functional  form of the contribuling  flow 
movements in the  two  data  sets.  This implies that specific regional  analyses are required to 
establish valid local  models  for planning and design purposes. The analysis however, has 
provided  valuable  guidance  for the development of models  for  othcr  sites. 

2. Finally, the study  has  shown  that different crash  types  are related to different foms and 
functions of the various traffic movements  contributing to the type of crash. The best  approach 
therefore  to be adopted in developing predictive models for  crashes at intersection  is  to 
desegregate  the  crashes by type and relate  each crash type to a  function of the  flow of the 
movements  contlibuting to that  crash  type.  Separate  models need to be developed lor the CBD 
and  suburban  areas if the traffic flow characteristics  and  signal  operatiom  are  different. 

7.2 RECOMMENDATIONS 

7.2.1 Rules of thumb 

Valid predictive  models have been developed for the  total and the main types of crashes  at 
signalised inlersections.  These  models do  not  have wide general applicability and are  therefore 
recommendcd  for  use  under SA conditions  or possibly in areas with similar traffic and signal 
operating  conditions. It has heen shown  that different crash  types reelale to  different  functions of 
the traffic movemen&  related to (hat type of collisions. The best predictor of crashes  is thus the 
various traffic movements  contributing to that type of collision. On the basis  of the  outcomes of 
the SA analysis the following broad conclusions  arise 

models may not be directly transferable from one  city to another 
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reporting  rate and delinition of crashes  can  have  a significant impact on the analysis and 
transferability of the  results 

different  models  may  be  appropriate  for the CBD and  suburban  conditions 

where  possible  desegregate  crashes  into  the  difierent  crash  categories 

approaching  crashes  are the single biggest  type and more efl'orl should be put  into modelltng 
them. 

right angle and protected  right  turn collisions are  uncollelated with ilow and are not 
amenable  to  models of this type. 

the inclusion of a small number of site  factors  can significantly improved  models 

These  broad  conclusions  are discussed in greater detail and related to SA results in the next 
section. 

7.2.2 Models to use 

As slated  earlier.  different  crash type relate to different function of the tralfic movemen& 
contributing  to  their  occurrence. Diikrent models  are  therefore  required  for each crash  type. 
This implies that  crashes should  be  disaggregated  into the vxious crash  categories and separate 
models  developed  for  each.  Approached based models  enable the analyst to 

1: disaggregate  the  crashes by type and relating it  to  the  lrallic  movemen&  contlibuting  to  that 
type o i  crash  and 

2: introducing the various intersection geometry and signal  factors  into the  models, 

Approached  based  models  are  the  option  to take when developing predictive  models for crashes 
at intersections.  They  should be used whenever possible to predict  crash  frequencies. The 
individual crash  type  estimates  can then be summed to obtain an eslimate of the total  crashes  at 
the  site  The following specific recommendations  are  therefore made on the type of exposure to 
use in developing  models for the vxious crash  types and the models  to use in estimating  crash 
occurrences  at  signalised  intersections under SA condirions: 



Table XVI: Recommendations 

TITLE 

ear  end 
3llisions pp.28 

ide swipe 
Illisions pp.31 

.pproaching 
Illisions pp33 

ight angle 
3llisions pp.37 

ECOMMENDATION RECOMMENDATION 
NUMBER 

1 For model  development  rear  end  crashes  should b 
related to the sum of approach  flows. 

Recommended  models  for SA CBD  areas 
RE = 0.408x(EpS) - 1.28 
RE = 0.208~(EpS)+8.13C+10.1D+8.781+5.62N-0.2 

Recommended  models  for SA suburban  areas: 
RE = 0.408~ (Ep5) + 1.01 
RE = 0.396x(EpS)+7.751+2.98L-7.07 

2 For model development  side  swipe  crashes  should b 
related to  the sum of approach flows. 

Recommended models for SA 
SU' = 0 . 0 8 ~  (Ep5) + 0.05 for  all  sites; 

CBD area and 
SW = 0.06x(EpS)+1.08D+0.39L-0.77 for  suburban  area 

numbers such as at signalised intersections  a sing1 
model could be developed to cater all the approachin, 
collisions (ie rear end  and  side  swipe  crashes). Th 
exposure  measure to use should he the sum of approac 
ilows. 

Recommended  models  for SA CBD areas 

SW = 0.036~(Ep5)+2.ISD+2.76H+O. 11W-0.65 for thm 

3 In situations  where  side  swipe  crashes are low i 

XP = 0.483x(Ep5) - 1.22 
AP = 0.275x(Ep5)+8.63C+12.48D+8.381+5.42N+0.03 

Recommended  models for SA suburban  areas: 
AP = 0.707x[Ep5) + 0.657 
AP = 0.487x(Epj)+8.711+3.60L-8.88 

product of the various conflicting llow movements. Th 
crash frequency was  random  over the exposure rang 
making model development  diliicult. Model developmer 
usins the procedure  adopted in this study is therefore nc 
recommended. Rather. an approach  based  on studyin 
the consequences leading to  the  occurrence of this  cras 
type will be more appropriale. 

4 Right  angle  crashes are weakly related to the sum of th 



Table XVI: Recomnlendations (continuation) 

TITLE RECOMMENDATION  RECOMMENDATION 
NUMBER 

Right  tnm 

right turning movement and the  opposing conflicting fiter phase 
lilter signal phase should be related to  the  product of the crashes  for the 
Models  for  right turn crashes  under  the permissive or 6 Right  turn 

pp.41 
protected phase 

uncorrelated with the flow  exposure crashes  for  the 
Right turn  crashes  under the protected  signal  phase is 5 

PP-41 movements. 

Recommended  models for SA conditions 
RT2 = 0.14x(Ep7) + 1.43 
RT2 = O.lsx(Ep7j + 2.6E - 1.31  (for CBD  area only) 

Right turn 

conflicting movelnents. protected  phase 
of the right turning movement and the opposin both tilter  and 
protected signal phase should be related to the produc crashes  under 
Model  for  right  turn  crashes  under both permissive an 7 

PP.41 
Recommended  models  for SA conditions 

RT3 = 0.095x(Ep7)+5.14M+0.57W-5.77 
RT3 = 0.123x(Ep7) + 0.74 

6.2.2 Further research 

The study  has  shown  that valid predictive models can be developed for crashes at signalised 
intersections. Some of the  fiidings  were  expected,  hut  others  were difficult to  explain and 
understand  and  therefore  require  furlher study. The following areas  are  therefore  recommended 
for  further  study. 

1. Approaching collisions are the dominant type of crashes at both signalised intersections and 
roundabouts. A study is therefore required to  look  more closely at these  crashes to acquire  more 
knowledge  into  their  occnrrence. The improved knowledge wiU then enable the  appropriate 
design  methods to be  adopted  which will help reduce the occurrence of these  crashes. 

2. The  occurrences of right  angle collisions and 1ight turn collisions under the frilly protected 
right  turn  phases were obser\.ed at  some sites and fonnd to be loosely and uncolrelaled with the 
flow  movements  contributing  to their occurrences. The. nmnner and  reason for [heir occurences 
is still not  clear.  Further  study to investigate the consequences leading to lheir occurrences  and 
when  and  how they  occnr  is required. 
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3. Turn left at any time with  care sign (I) and right turn ban during  certain  times of the day (C) 
shared  right  turn  lane (E), number of lanes (L) were iound  to be the  prominent  factors  to be 
correlated with rcar  end collisions and appeared in most of the models for  the  other collision 
types.  Further  study  is  therefore  required to investigate the causal links between  these  factors 
and  crash  frequency.  This  study  should  also  investigate the operations of these  factors  and  access 
their overall impact  on the transport system including safety,  economic and enviromnental.  This 
would  enable  a decision to  be made on the use of these lactors  as  appropriate traffic control 
measures. 

4. As slated in section 6.2.2 techniques have been developed to use the history of the crash 
occurrence at a  site  to  account  for the variations in crash  occurrences  known  to  exist  at 
intersections.  A  follow-up  study is required to examine the potential for adjusting the general 
predictive models taking into  account the crash  history of  the site. 

5 .  Lack of comprehensive llow data prevented development of models for  other types of 
intersections  particularly  roundabouts. A further  study is thus  needed to develop  models for 
these  intersections with the availability ofturning flow dah. 

6. A limitalion with the  adopted modelling process involve the residual error being nolmaUy 
distributed. The least  square  regression method requires this characteristics to obtain optimum 
solution. The nonnally distl-ibuted error  structure may not be suitable Tor road  crashes.  The use 
of specialised regression  procedure like the general linear repression  method, with the option of 
being able to specify the distribution of the error  structure  may  be  more  appropriate. 
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APPENDIX 

Table XVII: Proportion of total AM and PM peak hour flows of  Daily Traffic for CBD 
intersections 
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Table XVII: Proportion of total AM and PiLl peak hour flows of Daily Traffic for CBD 
intersections (continuation) 
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