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INVESTIGATING HIGH CRASH 
FREQUENCY SITES (BLACKSPOTS) 

(ELIMINATING HIGH CRASH LOCATIONS FROM YOUR ROADS AND HIGHWAYS)



Objectives of this module:

ÅTo introduce the processof investigating a hazardous 
location

ÅTo emphasise the need for good crash data

Å¢ƻ ŜƴŎƻǳǊŀƎŜ ȅƻǳ ǘƻ ōŜ άŘŜǘŜŎǘƛǾŜǎέ ƻǊ άŘƻŎǘƻǊǎέ ƛƴ ǘƘƛǎ 
important work

ÅTo show some examples of recent blackspot investigations



Eliminating 
hazardous road 
locations

ÅThe roadplays a role in road safety

ÅWe canidentify blackspots and black lengths ς
ƳŀȅōŜ ƴƻǘ άǇŜǊŦŜŎǘƭȅέ

ÅGood crash data is essential

ÅWe caninvestigate blackspots ςcarefully and 
thoughtfully ςday and night

ÅEngineers can install logical, low-cost 
countermeasures

ÅCrashes can be reduced ςPolice and engineers 
working together

Å!ƴŘ ǿŜ Ƴǳǎǘ ƴƻǘ ōǳƛƭŘ ƴŜǿ ōƭŀŎƪǎǇƻǘǎΗ όǘƘŀǘΩǎ 
road safety audit ςlater in workshop)



YOU CAN 
SAVE LIVES

ÅRoad user error is the major contributing 
factor to road crashes.

ÅBut it is easier for road users to make an error 
on a ñbadò road (with poor alignment, 
inadequate signing, lacking traffic control).

ÅIt is also easier for more serious injuries after 
an error on a road with unsafe roadsides 
(trees, poles, unsatisfactory barriers).

ÅRemedying such defects is an economical 
and effective way of reducing the cost of road 
trauma in your country.



ÅA blackspot is any site with many casualty 
crashes

ÅCasualty crash means a fatal crash, or a 
crash in which at least one person is 
injured (serious or slight)

ÅIntersections, short lengths, or curves = 
blackspot

ÅRoad length of 1km = black length

WHAT IS A 
BLACKSPOT?



What is a 
Blackspot ?

When the Victorian blackspot 
program started in 1980, a location 
needed 12 casualty crashes in 3 
ȅŜŀǊǎ ǘƻ ōŜ ŀ άōƭŀŎƪǎǇƻǘέΦ

Today it is 3 casualty crashes in 5
years.

There has been great success over 
40 years (an 85% reduction in 
crashes according to our definition)



A crash occurs

Police 
report

Stored in 
database

Final design, 
then audit 

and then build

Diagnosis of 
individual 

sites

Data 
extracted 

Submit report to Head 

Office for funding approval 

Inspect, investigate
and develop 

countermeasures

Monitor



Date/time/location/directions

Names/addresses/ages/sex of 
all involved

Alcohol/drugs

Vehicle types/registration

Injury levels

Any other information 
needed to prosecute the 
offender

More

Police 
ƎŀǘƘŜǊΦΦΧΦ

Best international 
practice is when Police 

record the crashes, store 
the crash data in a 

database, and share it 
with government 

stakeholders



Engineers need good crash data

Engineers do need to know:

Where the crash happened (accurately), when it happened (day/night)

The road users involved (direction, type)

Conditions at the time ςrain, wind, fog, snow, sun



Engineers need 
good crash data

Engineers do not need:

Names, addresses of people involved

Vehicle registration details

Police prosecution information (alcohol, 
speed or drugs)



Police investigate a serious 
crash in detail.

But engineers look for patterns 
in the crashes at a site.

ÅGain a ñpictureò of the 
crash history of the site.

ÅWork with Police ïask 
them for details of the 
crashes that may not be 
written in the reports.



Steps in the blackspot process



ÅNational level, state or city level

ÅLocations with most fatalities?

ÅLocations with most crashes?

ÅA point system 10 for F, 5 for 
SI,  1 for PD.

ÅAlways have more sites than 
you can fund as some will not 
be able to be changed.

1 Decide 

your list of 

blackspots

How?



ÅMake a rough draft first

ÅFor each vehicle ïdraw an 
arrow to show its direction

ÅShow pedestrians, cars, trucks, 
buses differently 

ÅShow the point of impact 
accurately

2 Draw a 

collision 

diagram



Draw a Collision Diagram (& Crash Factor Grid)



Draw a Collision Diagram (& Crash Factor Grid)



Engineers look for 
patterns in the crashes 
at a blackspot



Another  Collision Diagram



ÅMicrosoft Excel or similar.

ÅPen and paper is also OK.

ÅFor each crash ïsummarise 
the details in one column.

ÅAdd rows if extra information is 
known from the Police reports.

2 Draw a 

crash factor 

grid (Matrix)



An example of a Crash Factor Matrix

17         17         17        18        18        18        18         19         19        19         19         19       19       19



A code for classifying crashes by type



3 Diagnose 
the crash 
problem

ÅA patient visits a doctor and tells the doctor about 
his illness.

ÅThe doctor does not just guess about his illness ï
he does not want to treat the patient for a sore arm 
when he has a heart problem.

ÅYou are like a doctor ïdiagnosing a ñsickò part of 
your road (a blackspot).

ÅThe blackspot cannot speak ïyou must look, 
listen, read crash data, speak with Police, ask 
locals.

ÅThis takes time, skill, and logic.

ÅYou want to give your patient the correct medicine!



Examine the Collision Diagram and the 
Crash Factor Matrix 

Look for patterns?

Day time vs night time?

Wet vs dry?

Type of crash - head on, or run-off-
road, pedestrian etc

Type of road user?

Direction of travel?

3 Diagnose 

the crash 

problem



If crashes happened at night, inspect at night!

Put yourself in the shoes of those involved.

Ask yourself  é.. why did they have their crash?

é.. why did they have their crash?

4 Inspect the 

site ïat the 

time the pattern 

of crashes 

happened!



ÅInspect the site day and night. Assess likely causes for the patterns.

ÅYou are a doctor ïdiagnose your patient to prescribe the best medicine!

ÅYou may NOT get it right immediately. Keep trying!



Be logical ......

Recommend only countermeasures that will reduce the crashes

(For example, if crashes happened mainly during daytime, do not
install street lighting as a countermeasure

And do not replace the nearby barrier simply because it may be old or 
rusty, unless it played a direct role in the crashes)

$ are always limited ïso look first for low-cost options. 



When you are on-ǎƛǘŜΧΧ

ÅDŜǘ ŀ ƎƻƻŘ άŦŜŜƭέ ŦƻǊ ǘƘŜ ƭƻŎŀǘƛƻƴ ςthe 
topography, the type of traffic, its speed, its 
volume

ÅKeep asking ςwhy do a few people have 
crashes here each year, but thousands do not?

ÅWhat is missing? What is misleading? 

ÅBe logical!



Keep your ideas simple

Use low-cost options wherever possible

Persevere ïsome sites are difficult, but 
most locations will be open to low-cost 
countermeasures

5 Develop 
countermeasures ï

discuss them with 
colleagues



Your list of 
low-cost 

countermeasures

ÁSigns ςwarning, regulatory, direction

ÁLine marking

ÁDelineation

ÁShoulder sealing

ÁRoadside hazard removal (or 
shielding)

ÁGeometric changes

ÁOpening sight lines (benching, cut 
vegetation)

ÁSpeed limits

ÁTraffic signals

ÁRoundabouts

ÁLighting



Tips for your site inspection
(NOTE: some crashes have nothing to do with the 

road!!)

Å[ƻƻƪ ŦƻǊ άǾƛǎǳŀƭ ŘŜŎŜƛǘέ

ÅNot all drivers/riders see 
the road the same way.

ÅTry to look at the road 
ŀǎ ƻǘƘŜǊǎ άƳƛƎƘǘέ



State Highway, Kansas, USA

Visual deceit



Great Ocean Road, Australia

Driving 

on LHS

CRASH



ÅWith intersection right angle crashes ςyou need 
to decide if the crash is an overshootor a re-start.

ÅWhy?

ÅBecause your countermeasure(s) may be quite 
different.

A FEW TIPS FOR YOUR SITE 
INSPECTION 

(SOME CRASHES HAVE NOTHING 
TO DO WITH THE ROAD!!)



The truck failed to 
give way. 

But why? 

Was it overshoot, 
or re-start?



Overshootïthe driver did not know the 
intersection was there

--------------------------------------------------------

ÅImprove Approach Sight Distance

ÅMake intersection more conspicuous

ÅAdvance warning signs

ÅAdvance direction signs

ÅDuplicate GW or Stops

ÅLighting (only if crashes are at night)

ÅRoundabout or traffic signals



Re-startïknew intersection was there, slowed, 
maybe stopped, but selected a ñwrongò gap

------------------------------------------------------------

ÅImprove Safe Intersection Sight Distance

ÅMaximise sight lines

ÅReduce speeds 

ÅGeometric changes 

ÅCut trees/grass ïimprove sight distances

ÅReduce speed limits

ÅReverse the traffic control at the intersection (risky)

ÅRoundabouts or traffic signals



6 Finalise a 
preliminary design, and 
calculate a benefit/cost 

ratio for your 
recommendations

WHY?

There will be competition for funding 
within a national blackspot program. 

The national road authority will need 
to rank all the sites so that funds are 
spent on those sites that will return 
the ñbest valueò to your country.

These will be economic decisions.



How will you 
determine 

benefits and 
costs?

1 You need to know the benefits to 
be gained from your 
countermeasures (in $)

2 You need to know the cost of the 
countermeasures (in $)

3 You then calculate the benefit/ 
cost ratio

BCR



To 
determine 

benefits and 
costs

Costs are easy!

But how do we calculate the benefits 
to be gained (in $).

Benefits = the number of crashes we 
expect to save, times how much 
would each one costs your country.

A TOUGH QUESTION!



Who has heard of 
crash reduction 

factors?



Treatments
Crash 

Reduction 
Factors

Treatment Life

INTERSECTION
New roundabout 85% 20
Modify roundabout (approach deflection) 55% 20
New traffic signals 45% 20
Convert intersection signals to roundabout 30% 20
Staggered  T low volume (<2000 AADT of 
through road)

70% 20

Removal of Y-intersection 85% 20
Splitter islands/median, urban 20% 20
Splitter islands rural, low volume 45% 20
Line marking to improve intersection 
definition

10% 5

Improve sight distance (remove/relocate 
obstruction)

50% 20

Improve signage 30% 15
Rumble strips on approaches 30% 5
Install Stop signs 30% 15
Install signs 30% 15
Change to Stop signs 5% 15



How to 
determine 

benefits and 
costs?

1. Establish your countermeasures

2. Get the Crash Reduction Factor  

3. This is the highest CRF of those 
that apply to your treatments

4. Agree on a crash cost ($) for 
your country 

5. Calculate the benefits of the 
countermeasures ($)

6. CRF x number of crashes saved 
x $ value for each crash



How to 
determine 

benefits and 
costs?

7. Calculate the cost of the works ($)

8. Calculate the benefit/ cost ratio

9. Include this BCR in your report

10.Head Office will approve funding to 
the highest BCRôs first  ïworking 
down the list until the annual 
budget is committed. 

NOTE: Funding is approved on the 
basis of BCRôs ïnot the cost.



EXAMPLE OF 
CALCULATING 
THE BENEFIT 
COST RATIO

ÅAn intersection blackspot with 
many right-angle crashes

ÅSome in day, some at night

ÅYou believe it is a re-start (gap 
acceptance) problem

ÅYou check traffic counts and 
recommend a roundabout ï
CRFôs indicate it will save 85% of 
crashes for next 20 years

ÅThe roundabout will cost 
$1,800,000 USD

To work out the BCR we need to
know the benefits (in $) of the
countermeasures, and the cost
(in $) of the countermeasures.



Benefits ïlook at a 
table that shows the 

Crash Reduction 
Factor for each 

countermeasure

What percentage of crashes at the 
blackspot will be reduced if we 
construct a roundabout as the 
treatment for an intersection crash 
problem?



Treatments
Crash 

Reduction 
Factors

Treatment Life

INTERSECTION
New roundabout 85% 20
Modify roundabout (approach deflection) 55% 20
New traffic signals 45% 20
Convert intersection signals to roundabout 30% 20
Staggered  T low volume (<2000 AADT of 
through road)

70% 20

Removal of Y-intersection 85% 20
Splitter islands/median, urban 20% 20
Splitter islands rural, low volume 45% 20
Linemarkingto improve intersection 
definition

10% 5

Improve sight distance (remove/relocate 
obstruction)

50% 20

Improve signage 30% 15
Rumble strips on approaches 30% 5
Install Stop signs 30% 15
Install signs 30% 15
Change to Stop signs 5% 15



Crash reduction factors 
based on real 

experience from the 
Victorian  (Australia) 

blackspot program 
since 1980

PAVEMENT WORKS % YEARS

Road reconstruction 25% 20

Duplication short length 30% 20

Install raised median 30% 20

Add median strip 20% 20

Widen pavement 10% 20

Construct overtaking lane 25% 20

Add lane 10% 20

Widen road for Right Turn lane 50% 20

Widen road for Left Turn lane 15% 20

Lane widening - 0.3m 5% 20

Lane widening - 0.6m 12% 20

Widen shoulder not seal  - 0.3m 3% 20

Widen shoulder not seal  - 0.6m 7% 20

Widen shoulder not seal  - 1m 10% 20

Widen shoulder and seal - 0.3m 4% 20

Widen shoulder and seal - 0.6m 8% 20

Widen shoulder and seal - 1m 12% 20



Crash reduction factors based on real experience from the 
Victorian  (Australia) blackspot program since 1980

DELINEATION

Reflectorised guideposts 30% 20

Advance Curve Warning signs - static 20% 15

Advance Curve Warning signs - vehicle activated 75% 15

Install chevron signs (CAMS) - normal 35% 15

Install chevron signs (CAMS) - electronic 50% 15

Painted centrelines 30% 5

Tactile centrelines 40% 5

Painted edge lines 25% 5

Tactile edge lines 35% 5

Barrier lines 30% 5

Raised reflectorised pavement markers (RRPM) 20% 5



ROADSIDE HAZARD MANAGEMENT

Wire Rope Safety Barrier (WRSB) 45% 20

Guardrail 35% 20

Median barriers (any type including centreline WRSB) 20% 20

Guard rail at culvert 25% 20

Guardrail for bridge end post 20% 20

Crash Cushions 15% 20

PEDESTRIANS & CYCLISTS

Refuges, Channelisation, Kerb extension 30% 20

Pedestrian signals 25% 15

Bicycle paths, threshold treatments 10% 20

Upgrade pedestrian signals 20% 15

Pedestrian overpass 10% 20

MOTORCYCLISTS

New roundabouts 75% 20

Intersection signal remodel 50% 15

Fully Controlled Right Turn 55% 15

Shoulder sealing 50% 20

STREET LIGHTING

Provision of street lighting general 25% 15

Improve lighting at intersections 25% 15

Improve lighting at roadway segment 25% 15

Improve lighting at PEDESTRIAN CROSSING 40% 15

Improve lighting at railway crossing 10% 15



Benefits ïyou 
need a table that 
shows the Crash 
Reduction Factor 

for each 
countermeasure

- 20 reported crashes in 5 years

- A roundabout will reduce 85% (17) of 
these crashes

- 20 years = 4 x 17 = 68 fewer crashes

- Each casualty crash in  Kazakhstan   = 
$400,000 USD  (approx.)

- 68 x $400,000 = $27,200,000 benefits 
in 20 years



Benefit/ Cost Ratio

BCR

- Benefits of a roundabout = $27,200,000 USD

- Cost of the roundabout = $1,800,000 USD

BCR = 15.11

(This is an excellent BCR and almost certainly will receive 
funding approval in most countries)



7 & 8 Write the 
blackspot report; 
send it to H/O for 
approval of funds

7 Write your blackspot report ïuse a template.

8 Send the report to Head Office for approval 
for funding

9 Once approved this site goes into the Annual 
Works Program. Ensure to implement the 
agreed countermeasures(s).

Head office will apportion funds down the list according to BCR.

This is why it is vital to aim for low cost, high benefit countermeasures ï
to get a high BCR and to maximise funding possibilities



Reminder of the 
steps in the 

blackspot 
process



YOUR BLACKSPOT 
HOMEWORK

Two blackspots ï

1 Urban arterial, pedestrian crash 
problem, right side driving

2 Rural Y-junction, right side driving

Select just oneïinvestigate it, and 
then report your recommendations 



YOUR BLACKSPOT 
HOMEWORK

Investigate one site only.

Examine the crash data (look for patterns), look at photos of

the sites, be a detective (or a doctor).

Prepare a one-page crash treatment report with clear

recommended treatments, and a BCR.

Email your one-page report (in English) by 5pm Saturday to

the Moderator.

Feedback will be given at the start of Module 5 next Tuesday



Homework Option 1

Urban arterial pedestrian collision problem. 14 crashes in past 

3 years. Mainly at night.  





CRASHNUMBER 1 2 3 4 5 6 7 8 9 10 11 12 13 14

DATE 12/3 5/5 11/10 29/11 20/1 28/3 1/4 5/9 8/12 31/12 2/2 10/3 5/6 7/9

DAYOFWEEK SUN FRI WED WED SAT WED SUN WED SAT MON MON SUN WED SAT

TIMEOFDAY 01.15 22.30 19.20 17.50 11.10 20.55 18.30 23.00 14.40 04.00 06.45 23.30 ? 20.30

SEVERITY 1 2 2 3 3 3 2 1 3 1 3 1 2 2

LIGHT

CONDITION
?

ROAD

CONDITION
WET DRY DRY DRY DRY DRY WET DRY WET DRY DRY DRY ? DRY

CRASHTYPE 003 003 001 303 001 102 207 002 102 004 001 502 ? 301

VEHICLE1 CAR CAR BUS BUS CAR CAR M/C CAR CAR CAR M/C M/C PED CAR

VEHICLE2 PED PED PED TRUCK PED BIKE CAR PED M/C PED PED ? CAR

VEHICLE3 CAR CAR

DIRECTIONVEH.

1
E E E W W E W W E E W E ? E

DIRECTION

VEH.2
N N N W S S W N S N S N ? ?

DIRECTION

VEH.3
E W

OBSERVATIONS ALC ALC SPEED
ALC & 

SPEED
SPEED

U 

TURN





Pedestrian blackspot


