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First things first – Open your mind

To achieve something new  - Think outside of your experience
www.Traf-Safe.com
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Background
Traffic Circles/Rotaries
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Today, we’re fortunate to have a generalized 
guide that suggests ….

www.Traf-Safe.com

“The design problem is 
essentially one of determining a 
design that will accommodate 

the traffic demand while 
minimizing some combination of 

delay, crashes, and cost to all 
users, including motor vehicles, 

pedestrians, and bicyclists.
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Generalized Categories of Roundabouts

Single entry laneSingle entry lane}
Double entry lanesDouble entry lanes-
Single entry laneSingle entry lane- Double entry lanesDouble entry lanes-

Urban
Mini
Low Capacity 
Moderate Capacity
High Capacity

Rural
Moderate Capacity
High Capacity

www.Traf-Safe.com
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Generalized Design Features

Design Elements Mini-
Roundabout 

Urban 
Compact 

Urban 
Single-Lane

Urban 
Double-Lane

Rural 
Single-Lane 

Rural 
Double-lane 

   Design Speed 
        (mph) 

15  15  20  25  25  30  

 
  Entering Lanes   
   per approach  
 

 
1 

 
1 

 
1 

 
2 

 
1 
 

 
2 

 Inscribed Circle   
     Diameter (ft) 
 

 
45 - 80  

  
80 -100  

 
100 -130  

 
150 -180  

 
115 -130  

 
180 - 200  

    Typical ADT   
4-leg Roundabout  
     (veh/day) 

 
10,000 

 
15,000 

 
20,000 

 
Chapter 4 

(20-40,000+) 

 
20,000 

 
Chapter 4 

(20-30,000+) 
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And from construction of these,
generalized (after-the-fact) safety comparisons

 

Before Roundabout Roundabout Percent change5 Type of 
roundabout Sites Total Inj.3 PDO4 Total Inj. PDO Total Inj. PDO

Small/ 
Moderate1 

8 4.8 2.0 2.4 2.4 0.5 1.6 -51% -73% -32%

Large2 3 21.5 5.8 15.7 15.3 4.0 11.3 -29% -31% -10%

Total 11 9.3 3.0 6.0 5.9 1.5 4.2 -37% -51% -29%

 

Have all of these been built with an accurate expectation of 
the result ?
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Well we hope  so but, action without accurately estimating 
the result can be VERY expensive.
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In Roundabout Planning, many  elements 
need identification and definition before a 

reasonable decision can be reached.

Traffic operations benefits (but delay of marginal value)

Safety benefits (Nominal Safety versus Substantive Safety)

Maintenance savings (save signal equipment & energy)

Environmental enhancement (less stops, emissions & noise)

R.O.W. saving (more intersection area but less queue storage)

Traffic calming / aesthetics / older drivers (marginal value?)

Pedestrian / bicycle operation & safety 

Desirable roundabout planning goal ?
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“The roundabout problem is essentially one of 
determining a design that will accommodate the traffic 
demand while minimizing some combination of delay, 

crashes, and cost to all users”(FHWA Roundabout Guide)

compared to other intersection traffic control types 
such as TWSC, AWSC or multi-phase signalized.

But HOW do you do that ?

Let’s begin with understanding MACRO and MICRO

www.Traf-Safe.com
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Macroscopic vs Microscopic

Or
NOMINAL (Macroscopic) versus Substantive (Microscopic) www.Traf-Safe.com

N
ational R

oundabout C
onference 2005 D

R
A

FT
N

ational R
oundabout C

onference 2005 D
R

A
FT

N
ational R

oundabout C
onference 2005 D

R
A

FT



EXAMPLE

MACROscopic or NOMINAL Planning Model
Highway Capacity Software

(Regression Models about 50-70% accurate compared to field data)

or

MICROscopic or SUBSTANTIVE Planning Model
Netsim / Corsim - about 75% accurate compared to field data

- vehicle to vehicle interactions

www.Traf-Safe.com
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MACROscopic Roundabout Delay Model
(pg. 93 – FHWA Guide)

Delay =   3600 +   900 T[ vx - 1 +  √( vx - 1) 2

+ ( 3600/ cm,x )(vx/cm,x ) + 5 ]
cm,x                                         cm,x                                cm,x 450 T

Where: 
delay = average control delay (sec/veh)
Vx = flow rate for movement x (veh/hr)
cmx = capacity of movement x (veh/hr)
T         = analysis time (hour)

And: 

Vx / cmx =  from HCM Roundabout analysis ( pg. 17-45 & 17-99 (2000 HCM) 

www.Traf-Safe.com
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HCM ROUNDABOUT DELAY  & LOS
Software
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While some think reduced delay = reduced accidents,
often “what seems to be….just isn’t”

So, how do we define this thing called “safety” in general?
www.Traf-Safe.com
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Let’s look at some situations that may not appear
“Safe” ……. Are they?
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And the winner …is…….. (welding on the gas tank)

So, how do we define traffic safety ….?
www.Traf-Safe.com
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Safety Levels of Service
Never Adopted by Engineering Profession

Why Not ?

Safety Levels of Service
Never Adopted by Engineering Profession

Why Not ?

Prior research says  - Government has a Conflict of Interest because 
the Government entity that designs highways can’t also admit to 

their being unsafe.

THUS:
Over Last 25 years - Engineering Profession created the HCM and      

often assumed Delay as a safety surrogate

OR create “Apparent Safety Models”
(variables are so macro, that the standard deviation is excessive making 

the models grossly unreliable predictors)

Prior research says  - Government has a Conflict of Interest because 
the Government entity that designs highways can’t also admit to 

their being unsafe.

THUS:
Over Last 25 years - Engineering Profession created the HCM and      

often assumed Delay as a safety surrogate

OR create “Apparent Safety Models”
(variables are so macro, that the standard deviation is excessive making 

the models grossly unreliable predictors)
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MACROscopic Nominal Safety Model
Comparison of Vehicular Conflict Points

www.Traf-Safe.com
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MACROscopic Nominal Safety Model
Injury + Fatal Accidents/yr at Urban 4-leg Signalized

(FHWA-RD-99-094)

• ISSUES:

1. INDIVIDUAL VEHICLES ?        NO

2. WHAT IF ALL VEHICLES TURN LEFT ?    
Same RESULT 

3. DESIGN SPEED or POSTED SPEED? 

4. DATA COLLECTION RADII = 250 ft.
(Excluded rear-end events in long queues)

Even the BEST FHWA accident models 
only produced predictions with about 
35% accuracy.
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MACROscopic Nominal Safety Model
British Roundabout

BUT, why isn’t speed a factor in injury prediction?
www.Traf-Safe.com
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Alternative Nominal Macro-models
(Not sensitive to significant variables)

1.  Maryland DOT
a.  Annual accidents = 1.53 / mev
b.  Annual injury accidents = 0.11 / mev

2. Other Roundabout Software
a.  Delay based on HCM

b.  Linear regression accident models
Crashes/Yr =  1.64 x10 –12 * ADT 1-way 1.17 *  Posted Speed 4.12 *  Length

Vehicle Path Radius 1.91

These never mention accuracy of the accident models – accuracy is assumed

…….that’s like selecting an open-heart  surgeon without checking references……. 
Smart?………Good Planning?……..
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Who picked this surgeon?…..I did????
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Proper Roundabout Planning – the goal

• Develop preliminary design (Urban-low trucks/low entry speeds or Rural)

• Determine if right-of-way available

• Examine planning steps
– Think GLOBALLY  - Regional considerations

– Think LOCALLY     - Substantive Operations
• Single / Dual lane ?
• Speed ?
• Geometry - Inscribed diameter / central island diameter / bypass lane ?
• Define SUBSTANTIVE (microscopic) SAFETY elements & value
• Define NOMINAL (macroscopic) DELAY elements & value
• Combine SAFETY + DELAY Values ($) to estimate annual performance
• Compare to Alternate Traffic Control Strategies

• Estimate Potential Safety of Proposed Design (Safety LOS)

www.Traf-Safe.com
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Roundabout DELAY Analysis
for planning purposes

In planning studies the value of delay is highly variable 
and is often excluded in the B/C ratio, thus a 

Macroscopic model like the HCM is generally used to 

minimize data input needs and the cost of analysis.

Highway Capacity Manual – 2000
with the worst-case assumptions of :

1. Critical gap = 4.6 seconds  - similar to Rt. Turn “Yield” of 1985 HCM (5.0 sec), 
and conforms to 2003 roundabout gap research (4.2 sec at 50% acceptance).

2. No Follow-up time - since each driver must make independent gap selection. 
3. Delay is a consistent user-defined  $-value over all scenarios

But what about safety?
www.Traf-Safe.com
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Roundabout SAFETY ANALYSIS

In planning studies the value of safety is entirely dependent on the 
predicted number and cost of injuries assuming that fatalities are rare & 

unpredictable events and that fender-bender (pdo) events are an economic 
benefit that creates jobs and have no negative value, thus the use of a 
MICROscopic accident prediction model to define injury accidents is   

ESSENTIAL.

But let’s also assume :
If the risk of injury is not unacceptable, thus crashes, injuries (and even 

unlucky fatal injuries) are expected but undesirable by-products of mobility, 
and thus some Un-safe events ARE undesirable but acceptable.

The problem is: How do you define “some” or how many unsafe events ?

But first – let’s talk about MICROscopic accident prediction  and then we’ll 
define SAFE versus UNSAFE!
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To begin, the one thing you do know about safety is that….if 
it happened to others…it could well happen to you.

So, rather than waiting for accidents and death to happen & then correct 
them with “safety programs” which are nothing but lists of failures, we 
have new technology to help us be pro-active in traffic safety using…..
www.Traf-Safe.com
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Traffic Conflicts
as a surrogate for predicting accidents:

1. NOT – Tail light braking conflict studies

2. NOT - Conflict Point comparisons

3. YES - Theoretical “Opportunities for Conflict”
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Tail-light braking conflicts

FACT
Actual application of Taillight braking was never found to be 

consistently correlated to accidents
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Conflict Point Comparisons

FACT
Conflict Points are correlated to accident potential

but the dynamics are very complex

X X

X X
X
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www.Traf-Safe.com

For Planning Purposes 
Define

Roundabout Safety Benefits
with

MICROscopic Sunstantive Model
based on individual vehicle 

conflict-opportunities
(Traffic Safety Software @www.TRAF-Safe.com)

Assumptions for conservative analysis:
1. Fatal events are not estimated or valued  but are added to injury accidents.
2. Injury and vehicle damage are consistent user-defined $values. 
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What is a 
Conflict Opportunity?

An actual occurrence in which 2 or more vehicles 
or users approach one another such that there is a 

theoretical probability of collision assuming 
unchanged trajectories.
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Theoretical Opportunities for Conflict

FACT
Highly correlated to annual accidents – as you might expect !

Left turn,
same direction

Right turn,
same direction

Slow
vehicle

Lane
change

Opposing
left turn

Right turn
from right

Left turn
from right

Through
from right

Right turn
from left

Left turn
from left

Through
from left

Right turn
on red

X X X X X X

X X X X X X
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University of Virginia/VDOT
VTRC Report 04-R11

“Development of Left Turn Lane Guidelines”
March 2004

Recommendations
“The safety surrogate measure used in this study was

solely based on conflict opportunities.”

“Future research should quantify the extent to which conflict 
opportunities can predict crashes such that the impact of safety can be 

better incorporated …” (pg. 46)
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Conflict Opportunity Accident Research
1. “Predicting Annual Intersection Accidents with Conflict Opportunities”
presented to TRB, Washington, D.C., January, 2001 and published in the proceedings of the  
AASHTO/ITE/TRB Urban Street Symposium; A.R. Kaub &  K.M. Taylor, Dallas, Texas; June,1999
www . nationalacademies.org/trb/publications/ec019/ec019.pdf

2.      “A Corridor Road Safety Audit with Safety Software”
presented to TRB, Washington, D.C., January 2000 and published in the proceedings of the ITE 
Conference New Tools for Enhancing Transportation Safety in the 21st Century, A.R. Kaub & J.A. 
Kaub, Orlando, Fl., 1999.

3.      “Predicting Annual Intersection Accidents with Conflict Opportunities”,
presentations to University of Virginia Civil Engineering / VTRC / VDOT planning staffs, A.R. Kaub, 
1995-1999.  

4.      “Validation of a Conflict Opportunity Intersection Accident Prediction Model”
presented to TRB, Washington, D.C., 1998 and published in the proceedings of the TRB 2nd Access 
Management Conference; A. R. Kaub,  Vail, Colorado; 1996.

5.      “Validation of the Probable Conflict Opportunity Accident Software for Two-way 
Stop Control Intersections”, Florida DOT Research Contract # B9212, A.R. Kaub, 1996.  

6.       "Managing Highway Access with Conflict Opportunity Crash Prediction Software“
A.R. Kaub, presented to the USDOT, FHWA/Turner-Fairbank Safety Research, 1993.

7.        “ Design Guide for Auxiliary Passing Lanes on Rural Two-Lane Highways using 
Conflict Opportunity Accident Estimation”, A.R. Kaub & W.D. Berg, TRR 1195, 1987. 
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Angle
Conflicts

Angle
Conflicts ++ Rear-End

Conflicts
Rear-End
Conflicts ++

Sideswipe
Conflicts

Sideswipe
Conflicts

Through
from right

Left turn
from right

Left turn,
same direction

Right turn,
same direction

Lane
change

Through
from left

Opposing
left turn

Right turn
from right

Slow
vehicle

L
ch

++
Fixed Object / Single Vehicle EventsFixed Object / Single Vehicle Events

P(o)

P(a)

P(o)

P(a) P(a)

P(o) P(o)

P(a)

P(a)

P(o)

P(o)

P(a)

P(o)

P(a)

P(o)

P(a)

P(o)

P(a)
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What is Conflict Opportunity Technology?

Originally Based on 1968
General Motors Conflict Opportunity Research

by Perkins & Harris

Angle Accidents = ƒ(Angle Conflict Opportunities)
Rear-End Accidents = ƒ(Rear-end Conflict Opportunities)

Sideswipe Accidents = ƒ(Sideswipe Conflict Opportunities)
Fixed Object/Single Vehicle Accidents = ƒ(FO/SV Conflict Opportunities)

But
GM couldn’t integrate these into Total Annual Accidents 

www.Traf-Safe.com
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Today’s Conflict Opportunity Technology
does what GM couldn’t do

Assumptions Assumptions 
-- Typical Drivers, Vehicles, Environment, Profile, Adequate SDTypical Drivers, Vehicles, Environment, Profile, Adequate SD
-- 4 Conflict Types4 Conflict Types-- Angle, RearAngle, Rear--end, Sideswipe, Single Vehicleend, Sideswipe, Single Vehicle

Common  Poisson Conflict Opportunity FormsCommon  Poisson Conflict Opportunity Forms

PP(Arrival) (Arrival) = e= e –– mean arrival flow ratemean arrival flow rate
&& PP(Opposition) (Opposition) = e= e –– mean opposing flow ratemean opposing flow rate

(Arrival Exposure Time)(Arrival Exposure Time)

Probability of ConflictProbability of Conflict (angle, rear,side,single)(angle, rear,side,single) = = PP( Arrival)  x   ( Arrival)  x   PP(Opposition )(Opposition )

Annual Summation of Independent Conflict TypesAnnual Summation of Independent Conflict Types
Annual Conflict Opportunities = ± a (P-Angle CO)         ± b (P-Rear end CO)

± c (P-Sideswipe CO) ± d (P-Single Vehicle)

a,b,c,d = Speed-based coefficients calibrated to National Accident Data using
the drivers visual perceptive capability for each type of conflict

www.Traf-Safe.com
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Convert Annual Probable Conflict Opportunities
to Annual Accidents

Convert Annual Probable Conflict Opportunities
to Annual Accidents

Annual  Accidents =   Annual  Accidents =   Total Annual Conflict OpportunitiesTotal Annual Conflict Opportunities
Conflict Opportunity/AConflict Opportunity/Accident Ratioccident Ratio

Conflict  Opportunity =  Family of  Curves calibrated to 
Accident  Ratio           speed, geometry, volume for each

type of traffic control device

www.Traf-Safe.com
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Example Annual Conflict Opportunity/Accident 
Ratio

(One of a Family of Volume, Geometry, and Speed, Dependent Curves)

0
0 . 5

1
1 . 5

2
2 . 5

3
3 . 5

1 6 1 1 1 6 2 1 2 6 3 1 3 6 4 1 4 6 5 1 5 6 6 1 6 6 7 1 7 6 8 1

C o n f lic t  O p p o r t in it ie s  ( 1 , 0 0 0 )

An
nu

al 
Ac

cid
en

ts

At low volumes, it takes 
few opportunities for 

conflict to generate one 
accident, but at higher 

volumes it takes 
exponentially  increasing 
opportunities to generate 

that same accident.

That’s because as volume 
increases, both reduced 
speeds and car-following  

aid the drivers visual 
perception to generate 
safer operation over all 

accident types.

www.Traf-Safe.com

N
ational R

oundabout C
onference 2005 D

R
A

FT
N

ational R
oundabout C

onference 2005 D
R

A
FT

N
ational R

oundabout C
onference 2005 D

R
A

FT



Finite Element Analysis

Finite Element AnalysisFinite Element Analysis
Finite Element AnalysisFinite Element Analysis

Finite Element AnalysisFinite Element Analysis

Finite Element AnalysisFinite Element Analysis

Finite  Element  AnalysisFinite  Element  Analysis

TimeTime Finite Element AnalysisFinite Element Analysis

Lane FiniteLane Finite Element AnalysisElement Analysis
Approach FiniteApproach Finite Element Analysis Element Analysis 

Traffic ControlTraffic Control Finite Element Analysis Finite Element Analysis 
IntersectionIntersection Finite Element AnalysisFinite Element Analysis

CorridorCorridor Finite  Element  AnalysisFinite  Element  Analysis
New Accident & Injury Prediction TechnologyNew Accident & Injury Prediction Technology
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Inputs

Traffic Control selection (TWSC, AWSC, Signal or Roundabout)
Peak Hour Am and Pm volume by lane with other hours interpolated

Approach geometry & turn bay length 
Approach  speeds & turning radii

Numerous HCM-based vehicle & flow variables

Actuated  Signals (each hour of day) 
Automatic - Cycle length and phase selection
Automatic - Through and turn phase duration 

Automatic - Hourly timing plans using sophisticated ICU

Almost 150 HCM Compatible INPUTS

www.Traf-Safe.com
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Hourly and Annual Delay

Hourly & Annual Accidents
Injury-based Safety Levels of Service & Lifetime Risk of Injury

&
Performance Index

∑ Utility ($Delay/yr + $Injury accidents/yr )

Planning and Design Goal:
If the traffic control type selection is “Safe”, then minimize 

Performance Index (minimum delay and injury values) and 
over all “Safe” types of traffic control devices.

www.Traf-Safe.com
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So Unique - US Patent # 6,662,191

www.Traf-Safe.com
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Ya, sure I read all about it…

…but how do I know it works?
www.Traf-Safe.com
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Signals Total Accidents/yr
(Northern Virginia Actual Site Data and Accident History)
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Signals Total Accident Validation
(Data From 100 Signalized Intersections in Northern Virginia)

Signals Total Accident Validation
(Data From 100 Signalized Intersections in Northern Virginia)

Comparison of Actual vs Predicted Signalized
Total Annual Accidents

R2 = 0.92
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Signals Angle Accidents/yr
(Northern Virginia Actual Site Data and Accident History)
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Signals Angle Accident Validation
(Northern Virginia Actual Site Data and Accident History)

Signals Angle Accident Validation
(Northern Virginia Actual Site Data and Accident History)

Comparison of Actual vs Predicted Signalized
Angle Annual Accidents

R2 = 0.81
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Signals Rear-End Accidents/yr
(Northern Virginia Actual Site Data and Accident History)
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Signals Rear-End Accident Validation
(Northern Virginia Actual Site Data and Accident History)

Signals Rear-End Accident Validation
(Northern Virginia Actual Site Data and Accident History)

Comparison of Actual vs Predicted Signalized
Rear-End Annual Accidents

R2 = 0.81
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Signals Sideswipe Accidents/yr
(Northern Virginia Actual Site Data and Accident History)

0

1

2

3

4

5

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

Daily Ent er ing Vehicles (1,000)

A
cc

id
en

ts
/y

r

Actual Side-swipe Predicted Side-swipe

www.Traf-Safe.com

N
ational R

oundabout C
onference 2005 D

R
A

FT
N

ational R
oundabout C

onference 2005 D
R

A
FT

N
ational R

oundabout C
onference 2005 D

R
A

FT



Signals Fixed Object/Single Vehicle Accidents/yr
(Northern Virginia Actual Site Data and Accident History)
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UnsignalizedUnsignalized TWSC Total Accident ValidationTWSC Total Accident Validation
(2(2--Way Stop Data From 65 Way Stop Data From 65 UnsignalizedUnsignalized Intersections, Tampa Bay, Florida)Intersections, Tampa Bay, Florida)
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Single Lane Roundabout
Actual vs MDOT vs Conflict Opportunity

(for 11-MDOT single lane Roundabouts)

Single Lane RoundaboutSingle Lane Roundabout
Actual Actual vs vs MDOT MDOT vs vs Conflict OpportunityConflict Opportunity

(for 11-MDOT single lane Roundabouts)

www.Traf-Safe.com

Also compare to FHWA Roundabout Guide (pg 112):
Average Single-Lane Roundabout = 2.4 Accidents/yr
Also compare to FHWA Roundabout Guide (pg 112):
Average Single-Lane Roundabout = 2.4 Accidents/yr
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Roundabout Injury Accident Validation
(for 11-MDOT Roundabouts)

Roundabout Injury Accident ValidationRoundabout Injury Accident Validation
(for 11-MDOT Roundabouts)
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Also compare to FHWA Roundabout Guide (pg 112):
Average Single-Lane Roundabout = 0.5 Injury Accidents/yr

Also compare to FHWA Roundabout Guide (pg 112):
Average Single-Lane Roundabout = 0.5 Injury Accidents/yr

Comparison of Actual, Exposure and Conflict Opportunity 
Injury Accidents (11 Single Lane Sites)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

5000 7000 9000 11000 13000 15000

ADT

A
cc

id
en

ts
/y

r

Actual Accidents/yr                   
Mean=0.20

Exposure-Based Accidents/yr             
Mean=0.48

Conflict Opportunity Accidents/yr         
Mean=0.54

N
ational R

oundabout C
onference 2005 D

R
A

FT
N

ational R
oundabout C

onference 2005 D
R

A
FT

N
ational R

oundabout C
onference 2005 D

R
A

FT



Roundabout Accident Type Validation
(for 11-MDOT Single lane Roundabouts)

Roundabout Accident Type ValidationRoundabout Accident Type Validation
(for 11-MDOT Single lane Roundabouts)
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Conflict Opportunity
Percentage Average from MDOT
Event Type Data                  Australia      Germany      Switzerland

Within Roundabout 55    51                    30     46
(includes sideswipes)

Rear-End 15 18                    28 13    

Sideswipe 0 4 0                       0 
(within roundabout)

Single vehicle/ 30 18                    17  35   
Fixed Object

Conflict Opportunity
Percentage Average from MDOT
Event Type Data                  Australia      Germany      Switzerland

Within Roundabout 55    51                    30     46
(includes sideswipes)

Rear-End 15 18                    28 13    

Sideswipe 0 4 0                       0 
(within roundabout)

Single vehicle/ 30 18                    17  35   
Fixed Object
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Dual Roundabout Accident Validation
(for 2-MDOT Roundabouts)

Dual Roundabout Accident ValidationDual Roundabout Accident Validation
(for 2-MDOT Roundabouts)
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Also compare to FHWA Roundabout Guide (pg 112):
Average Dual-Lane Roundabout = 15.3 Accidents/yr
Also compare to FHWA Roundabout Guide (pg 112):
Average Dual-Lane Roundabout = 15.3 Accidents/yr
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Dual Roundabout Injury Accident Validation
(for 2-MDOT Roundabouts)

Dual Roundabout Injury Accident ValidationDual Roundabout Injury Accident Validation
(for 2-MDOT Roundabouts)

www.Traf-Safe.com

Also compare to FHWA Roundabout Guide (pg 112):
Average Dual-Lane Roundabout = 4.0 Injury Accidents/yr

Also compare to FHWA Roundabout Guide (pg 112):
Average Dual-Lane Roundabout = 4.0 Injury Accidents/yr

Comparison of Actual, Exposure and Conflict Opportunity 
Injury Accidents (2-Dual lane Sites)
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In General
Conflict Opportunity Annual Accident Forecasts

1. Signalized Intersections -
- Over 80% accuracy (<1 STD) for 100 signalized intersections
- Angle & Rear-End Predictions within 15-20 percent of historical
- Total Accident Predictions within 10-15 percent of historical  

2. Unsignalized Intersections (TWSC)
- Over 70% accuracy for 100 TWSC intersections

3. Roundabouts 
- Over 80% accuracy compared to MDOT/FHWA averages

4. Overall -
Conflict Opportunity Technology offers annual accident estimates
that are BETTER than ANY existing technology.

Transportation Research Record 1111 (Berg & Ha Transportation Research Record 1111 (Berg & Ha -- 1995)1995)
““The use of OpportunityThe use of Opportunity--based accident measures will yield significantly different based accident measures will yield significantly different 

hazard rankings compared to conventional accidenthazard rankings compared to conventional accident--rate expressions.rate expressions.””
www.Traf-Safe.com
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Well ok it works, but what seems like a  “good idea” isn’t 
necessarily a “safe idea”

So, how do you define something as “safe”?
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SAFE or UNSAFE  ?

Intersection Safety LOS

Quantity Thresholds (Upgrade Traffic Control Type from ITE)
DRIVEWAY      >  1  in  3  Years ( < 0.33/ Year)
YIELD >  2  in 3  Years  ( < 0.66/ Year)

2-Way STOP >  5  in  1  Year (MUTCD) 
ALL- WAY /  SIGNALS ??

Quality or Severity Thresholds
Injury-based Theoretical Guidance where

Lifetime Risk  of  Disabling Injury should be  <  1.0 , thus where
Probability < 1.0   Normal or Extra-Risk  Levels (Safety LOS  A-E) 
Probability > 1.0   High-Risk of Disabling Injury  (Safety LOS  F)

www.Traf-Safe.com
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Intersection Severity Levels of Service
or

Probability of Disabling Auto Injury per Lifetime
(assume driving risk is normally distributed throughout lifetime)

Normal Risk |    Extra-Risk | High Risk

P(DI) < 1  |  P(DI) =>1

AA BB CC DD E     E     FF
www.Traf-Safe.com
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How to Define Safety LOS E/F Threshold

OSHA Standard Risk Threshold
The lifetime risk of death in any occupation should be less than 1 death in 1000 events

Using this guide, Ossenbruggen‘s FHWA analysis:
To achieve no more than 1 fatal accident in 1000 accidents, the number of 
injury accidents per year (which require professional treatment) should be 

less than about 7.8 / 10,000 ADT (entering an intersection).
(“A Method of Identifying Hazardous Highway Locations using the Principle of Individual Lifetime Risk” by P.J. 

Ossenbruggen in Risk, Health, Safety & Environment, 1998, pg. 90 and funded by FHWA)

Normal Risk |    Extra-Risk | High Risk

P(DI) < 1  | P(DI) =>1

AA BB CC DD E     E     FF
www.Traf-Safe.com
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Define Safety LOS Example
7.8 Maximum Annual Injury accidents / 10,000 ADT (entering any intersection)

where 25% of all injury accidents occur at signal control
5% of all injury accidents at stop control

70% on all injury accidents at uncontrolled intersections/driveways
thus

Maximum Signalized Injury Threshold = 0.25 * 7.8 = < 2.0 Injury accidents-yr/10,000 ADT
Maximum Roundabout Injury Threshold = 50% of Signalized threshold (estimate) 

Maximum Stop Control Injury Threshold = 20% of Signalized threshold                 
= 0.05 * 7.8 = < 0.40 Injury accidents-yr/10,000ADT

thus
for an urban 4-leg Stop control Intersection with 24,495 ADT

the Maximum Injury accidents < 24,495  * 0.40  = < 0.98 IA/yr
10,000  

Normal Risk |    Extra-Risk | High Risk

IA < 0.98  |  IA >  0.98

AA BB CC DD E     E     FF
www.Traf-Safe.com
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Intersection Injury-based
Safety Levels of Service

(Northern Virginia Data)(Northern Virginia Data)
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Safe or Unsafe?
Only Defined by Professionally Qualified

Engineering Judgment

But as a guide
Safety LOS < D for Planning

Safety LOS < E for Operations
and

where Safety LOS = F exists …………..

AA BB CC DD E     E     FF
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1. Warn the driver – MUTCD

2. Begin active correction, or

3. Begin Planning to improve the problem within a 
reasonable timeframe (within TIP, or 3-5 year program), 

4. But the “Do Nothing” alternative is NOT acceptable.

www.Traf-Safe.com

But what if the Safety LOS = F?
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How does Conflict Opportunity analysis
operate for Roundabouts?

Answer
Identical with an All-Way Stop control intersection except
assume:

Delay
1. “Yield” not ”Stop” Control  - HCM 4.6 seconds / critical gap
2.  No “Follow-up” gap  - each gap acceptance is mutually exclusive
3.  Right turn “bypass” lanes eliminate right-turns on the specific approach.

Safety with Conflict Opportunities
1. Frontal Angle conflicts identical to all-way stop except critical gap = “Yield”
2. Rear-end conflicts identical to all-way stop except gap = “Yield”
3. Sideswipe/Merge conflicts occur “within” single & dual lane roundabout but

only on the “approach” to dual lane (similar to multi-lane all-way stop)  +
distance-based correction to conform to US roundabout accident history.

4. Fixed Object/Single Vehicle replaced by “low speed”exposure-based model
5.  Right “Bypass” lanes eliminate right-turn conflicts on the specific approach. 

www.Traf-Safe.com
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So, you say you hate learning new computer software

R = V 2

15(e±f)

Well, maybe it’s not that bad……. Let’s take a look
www.Traf-Safe.com
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Example Project - Dulles Discovery Rezoning
Is a roundabout acceptable ?

How does Roundabout performance compare ? 
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CONFLICT OPPORTUNITY Safety Software

www.Traf-Safe.com What are the Inputs ?
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Input AM & PM Volume by Lane
(other hours automatically interpolated)
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Input Geometry by Approach 

www.Traf-Safe.com
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Check Delay Output
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Check Queuing Output
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If Signals - Input  HCM-based Signal Data 
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Internal Signal Timing - based on ICU Concepts
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With Automatic NCHRP/Practical Cycle Length 
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with Protected, Permitted or Split phase 
automatically selected for each hour of the day
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Check Peak Hour Signal Output
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Check Hourly Signal Output Throughout Day
Cycle, Phase (thru+turn) &  Splits
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Check Hourly /Annual Safety Output
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Compare to FHWA & British Macro-Safety Models
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Recognize that : Regression Accident Model Accuracy 
< 35 % Accurate

N
ational R

oundabout C
onference 2005 D

R
A

FT
N

ational R
oundabout C

onference 2005 D
R

A
FT

N
ational R

oundabout C
onference 2005 D

R
A

FT



DELAY RESULTS ??

www.Traf-Safe.com

HCS-based Delay Conflict Software Delay

TWSC
Am 8.1 6.3 
Pm 14.9 6.7 

AWSC
Am/Pm LOS B F

Signal
Am 8.9 11.9 

Pm 8.8 15.0 

Roundabout
Am 9.5 20.6 1

Pm 10.3 33.4 1

Within the 30% error margin 
when comparing HCS results to actual field delay

1. Very conservative lower bound critical gap
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SAFETY RESULTS ??
Accidents - Injuries - Lifetime Risk

www.Traf-Safe.com

TWSC AWSC Signal Roundabout
Accidents 0.5 1.5 1 .4 2.4
Injury Acc. 0.12 0.15 0.42 0.65
Safety LOS B B A B
Performance Index 58 741 94 133
(Safety+Delay Value)

Conclusions ?
1. AWSC - Unacceptable delay = LOS “F”
2. Signal may not warrant (15,000 ADT) - annual cost
3. TWSC and Roundabout Safety LOS = B = OK
4. Thus developer may select TWSC or Roundabout

(Both are acceptable and only have slight differences)
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If Had Walk/Bike Mode
Injury Accident Estimation can be included
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But let’s remember….it’s just software

Only qualified engineering judgment can define what’s safe & what’s 
not…..but software can help defend your decision and explain why.
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