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Points Covered

ÅWhat is safety?

ÅMeasuring and predicting safety

ÅRoad safety management  process

ÅScreening road networks (SNIP)

ÅScreening under limited exposure data

ÅInvestigating existing roads (RoadHAT, RSIT2)

ÅEconomic evaluation of countermeasures (RoadHAT)

ÅSafety in road planning ςalternatives-based (PASS)

ÅSafety in road planning ςoptimization-based (SNIP2)
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What road and when is safe?

1. Road with many complaints from motorists 
about unsafe conditions

2. Curvy two-lane road with narrow shoulders 
and limited sight distance

3. Road with high traffic volume and high 
speeds 

4. Road that follows all geometry standards

5. During a day without crash of any sort

6. Intersection during a day with the probability 
of crash 0.7
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More than One Safety

1. Subjective safety (Q1)

2. Expert knowledge (Q2, Q3)

3. Normative safety (Q4)

4. Objective safety (Q5, Q6)
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Measuring Objective Safety
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Measuring Objective Safety

ÅCrash frequency 

ÅCrash severity

ÅDerivatives of crash data

ïCrash rate

ïSeverity index 

ïOther
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Measuring Objective Safety
Crash Frequency

ÅAnnual crash counts

ÅCrash frequency - expected annual 
crash count 

ÅPrecision  of crash frequency estimation 
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Measuring Objective Safety
Crash Rate

ÅExposure ςconditions that affect safety and 
are not meant to be modified through safety 
interventions

ÅCrash rate (# crashes/unit exposure)

100,000,000 vehicle-miles traveled (VMT) 

100,000 registered vehicles 

100,000 licensed drivers
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Measuring Objective Safety 
Crash Frequency vs. Crash Rates

Annual Crash Frequency = 
Crash Rate   x   Annual Exposure
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Measuring Objective Safety 
Crash Frequency

Source: 1.
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Measuring Objective Safety 
Crash Rate
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Measuring Objective Safety 
Variability of Crash Counts

True average = 5 crashes /year
30 year average = 5.53 crashes/year

True average = 10 crashes /year
30 year average = 10.17 crashes/year
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Conf. Interval Length/

Mean Estimate

90 % 
confidence interval length

Gamma Distr.

Measuring Objective Safety
Confidence Interval 

13

(5.1-1.5)/3 = 1.2



Measuring Objective Safety
Precision of Frequency Estimate
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Measuring Objective Safety
Personal Injury Severity

ÅKABCO scale (5 levels, at crash scene by police)
ïK-fatality 
ïA- incapacitating injury 
ïB-non-incapacitating injury 
ïC-possible injury
ïO ςproperty damage

ÅAbbreviated Injury Scale (AIS 7 levels, in 
hospital by medical personnel)
ï8 body regions 
ïMAIS ςmax value out of 8

More information in Source 2.
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Measuring Objective Safety
KABCO Injury Costs

ÅEconomic loss vs. willingness to pay 

ÅPersonal injury costs (economic loss in $2009)

ïDeath  $1,290,000

ïIncapacitating Injury  $67,800

ïNon-incapacitating Injury  $21,900

ïPossible Injury  $12,400

ïPDO  $3,700

Source: 3.
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Measuring Objective Safety
MAIS Injury Costs

Source: 4. 17



Measuring Objective Safety
Crash Severity and Costs

ÅPersonal injury severity costs

ÅCrash severity (max personal injury)

ÅAverage crash costs for various conditions

ÅUse of KABCO and MAIS injury costs 

Source: 5. 
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Objective Safety Measured Indirectly

ÅCrashes are infrequent

ÅCrashes are poorly reported

ÅTraffic conflicts

ÅOther surrogate events (e.g. traffic violations)

ÅSpeed 

ÅLinking surrogates with crashes

Sources: 6, 7, 8. 19



Measuring Objective Safety 
SafetyPerformance Function (SPF)

Road sections

Intersections

)...exp()exp( 11210
21
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Measuring Objective Safety 
Example SPF for Urban Arterial Streets

Total crashes= 0.494 x Segment lengthx Yearsx AADTx 

EXP( 0.0285 x Access densityς0.631 x Shoulder+ 2.520 x PSς

0.748 x TWLTLς0.604 x Median ), = 1.15

where:
Length= segment length expressed in kilometers
AADT= average annual daily traffic in 1000s vehicles/day
Access density= number of access points per kilometer
PS= proportion of access points that are signalized
Shoulder= 1 if shoulder is present, 0 otherwise
TWLTL= 1 if two-way left-turn lane is present, 0 otherwise
Median= 1 if median exists with no openings between signals, 0 
otherwise.

Source: 9.
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Measuring Objective Safety 
Use of Safety Performance Functions

ÅAnalysis of the presence

ïEstimate present safety 

ïIdentify high-crash locations

ÅPrediction of the future

ïPredict future safety

ïPredict the effects of improvements
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Measuring Objective Safety 
Estimation Precision: SPF vs. Crash Count
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SPF overdisp. = 2.0

SPF overdisp. = 1.0

SPF overdisp. = 0.5

SPF overdisp. = 0.2

SPF overdisp. = 0.05
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Measuring Objective Safety 
Combining Estimates

Safety Performance 
Function (a=3.12, 

=0.130)

Crash Count 
(a=2.40, =0.083)

Combined Sources 
(a=2.64, =0.051)

More information in source 10. 24



Predicting Safety Effects
Crash Modification/Reduction Factors

ÅA crash modification factor (CMF) is a 
multiplicative factor used to compute the 
expected number of crashes after implementing a 
given countermeasure at a specific site. 

CAfter = CMF · CBefore

ÅA crash reduction factor (CRF) is the expected 
percent crash reduction. 

CMF = 1 - CRF/100

Source: 11.                  http://www.cmfclearinghouse.org/index.cfm
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Predicting Safety Effects
Quality of CMF/CRF

Relative 
Rating

Excellent Fair Poor

Study 
Design

Statistically rigorous study 
design with reference 
group or randomized 
experiment and control

Cross sectional study or 
other coefficient based 
analysis

Simple before / after 
study

Sample 
Size

Large sample, multiple 
years, diversity of sites

Moderate sample size, 
limited years, and limited 
diversity of sites

Limited 
homogeneous 
sample

Standard 
Error

Small compared to CRF
Relatively large SE, but 
confidence interval does 
not include zero

Large SE and 
confidence interval 
includes zero

Potential 
Bias

Controls for all sources of 
known potential bias

Controls for some sources 
of potential bias

No consideration of 
potential bias

Data 
Source

Diversity in States 
representing different 
geographies

Limited to one State, but 
diversity in geography 
within State (e.g., CA)

Limited to one 
jurisdiction in one 
State

Source: 11.
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Road Safety Management

ÅHazard Elimination Program

ïRoad screening for hazards

ïSite investigation of high-crash roads

ïEconomic evaluation and selection of safety 
interventions

ÅTargeted Safety Programs

ïRoad screening for certain deficiencies

ïImplementation of safety interventions

ÅSafety in Road Planning
27



Road Safety Management
Two Perspectives

ÅSystem-wide perspective

ïCrash frequency

ïMost cost effective at mitigating hazards

ÅUser perspective

ïCrash rate

ïPromotes fairness by balancing risk among users

Source: 12.
28



Screening Road Networks
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Screening Road Networks
Concepts

ÅCurrent safety level at location: S
ÅReference safety level: S0

ÅHigh-crash location if:S > S0

ÅSelecting the measure of safety: 
ïSeverity and frequency, rate, or proportion
ïCost 

ÅSelecting the reference safety level
ïBy policy (certain)
ïExpected for exposure (uncertain)

ÅStatistically testing if S > S0

ïSelect a proper distribution 
ïUse confidence level F or index I
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S = current safety level,
S0  = reference safety level (mean estimate),

S-So= standard deviation of (S-S0) estimate. 

Reference 
Safety S0
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Screening 
Road 

Networks
Safety Needs 
Identification 

Package 
(SNIP)

Source: 13.

 
        DATA AND RESULTS                 INTERFACE               PROCESSING 

Source         
Data Data 

Management 
User Interface 

Data Reformatting 
Integration and Post-
processing Modules CRS     

Database 

Standard 
Screening    

User Interface 

Standard        
Queries Editor 

Standard     
Screening Engine 

Standard 
Screening 

Results 

Clustering and 
Special Studies 

Interface 

Clusters and 
Special Studies 

Results 

ArcGIS  
Interface 

Results 
Arranged in 

Tables  

Results 
Displayed on 

Maps 

Tables of 
Crashes, Road 
Segments, and 
Intersections 

 Road Network 
Shape File 

Data  
Processing for 
Special Studies 

Roads 
Clustering  

Standard   
ArcGIS Data 
Display Tools 

1. DATA  MANAGMENT 

2. STANDARD  SCREENING 

3. CLUSTERING AND SPECIAL STUDIES 

4. RESULTS PRESENTATION 
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Screening Road Networks
SNIP
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Screening Road Networks
Safety Needs Identification Package - SNIP

Crash Frequency: Crash frequency are represented by 
the crash count of a specific type of crashes at the road 
locations in the analysis period.

Crash Rate: Crash rate is the frequency/exposure ratio. 
The measure of exposure can vary depending on the 
type of road type selected.

Crash Proportion: Proportion is the ratio of two crash 
counts: (1) Studied crashes (numerator), (2) Reference 
crashes (denominator). 

Reference Safety Level: average frequency, rate, or 
proportion in the population of road locations.
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Screening Road Networks
SNIP ςExposure Measures

Element of 

Investigation
Exposure Measure

Area: county, 

township, city

Population, Vehicle-Miles Traveled 

(VMT),  Registered vehicles

Road Segment Daily VMT, Length

Road Intersection Intersection ADT

36



SNIP Demonstration
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Screening Road Networks 
Limited Exposure Data(no traffic volume data)

ÅLand use and network characteristics  - surrogates of traffic 

ÅSafety measure for segments - Crash Density (crashes/mile)
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Screening Road Networks 
Limited Exposure Data(no traffic volume data)

Variable Definition

DIST Distance to the nearest state road (mile)

AADT AADT of nearest state road (veh/day)

POP_DEN Population density (per sq.  mile)

HH_DEN Household density (per sq. mile)

HH_SIZ Householdsize

HH_INC Mean household income ($)

VEH_DEN Density of registered vehicles  (per sq.  mile) 

EMP_DEN Employment density (per sq.  mile)

LRD_DEN Density of local road network (miles/ sq. mile)

SRD_DEN Density of state road  network (miles/ sq. mile)

ARD_DEN Density of public road network (miles/ sq.  mile)

Source: 14. 39



Screening Road Networks 
Limited Exposure Data 

Classification Tree Analysis

Exposure Conditions in a Road Group
Number of 

Segments

Reference 

Density m

Standard

Dev. 

POP_DEN> 236 ,AADT>11,840 1026 1.608 5.494

POP_DEN> 236, AADT<=11,840 1942 0.920 3.152

POP_DEN  (127- 236) 3086 0.627 5.391

POP_DEN  (69- 127), HH_INC >64,887 3542 0.486 1.951

POP_DEN  (33- 69), AADT > 4,725 2502 0.447 2.155

POP_DEN  (33- 69) AADT<=4,725, 

HH_INC  (59,194-62,367)
708 0.356 1.743

POP_DEN  (69-90),HH_INC <=64,887 1336 0.344 1.605

POP_DEN  (33- 69) AADT<=4,725, HH_INC  > 62,367 2918 0.231 1.874

POP_DEN  (69- 90), HH_INC <=64,887 1221 0.227 1.863

POP_DEN  (18- 33) 5274 0.178 1.080

POP_DEN  (33- 69), AADT<=4,725, HH_INC  <= 59,194 1662 0.134 0.899

POP_DEN  <18 2298 0.103 0.623
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Screening Road Networks 
Limited Exposure Data - Confidence Level F

).,|Pr( 000 msSF

A segment of length Lbelongs to 
a road group with mean crash density m and std. dev. .

s is the number of crashes on the segment.

S0 the estimate of the number of crashes on the segment under 
the group exposure conditions. S0 follows  the Negative Binomial 
distribution with parameters: 
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Screening Road Networks 
Limited Exposure Data - Example Results (F*=0.95)

Segment 
ID

Segment 
Name

Length 
L (mi)

Road 
Group

ID

Crash 
Density 
m (1/mi)

Std. 
Dev.

No. of 
crashes

s

Over-
disp. 

Ref.
Mean 

m0

Ref. Std. 
Dev. 

0

Conf. F

435592 CR 90 0.299 11 0.485 2.089 0 16.5 0.145 0.701 0.000
483253 CR 100 0.266 9 0.447 3.664 5 65.0 0.119 1.018 0.992

428629 CR 600 0.367 9 0.447 3.664 0 65.0 0.164 1.383 0.000

484382 CR 350 0.412 9 0.447 3.664 0 65.0 0.184 1.545 0.000

421790 CR 850 0.525 17 0.344 1.735 1 22.5 0.181 0.957 0.930

430394 CR 150 0.165 18 0.227 1.082 0 18.3 0.037 0.251 0.000
425277 Appleman 0.377 13 1.608 5.431 1 10.8 0.606 2.138 0.829
420197 Addis 0.062 17 0.344 1.735 0 22.5 0.021 0.178 0.000
425912 CR 350 0.056 16 0.231 1.2 0 22.7 0.013 0.129 0.000
430079 CR 600 0.055 16 0.231 1.2 1 22.7 0.013 0.128 0.989
435308 CR 400 0.411 16 0.231 1.2 0 22.7 0.095 0.547 0.000
427277 Baseline 0.075 9 0.447 3.664 0 65.0 0.034 0.326 0.000
427498 CR 1100 0.089 9 0.447 3.664 0 65.0 0.040 0.378 0.000
426139 CR 400 0.385 4 0.627 2.548 0 14.9 0.241 1.054 0.000
434576 CR 200 0.119 9 0.447 3.664 0 65.0 0.053 0.487 0.000
420675 Rimmel 0.085 4 0.627 2.548 0 14.9 0.053 0.309 0.000
436474 CR 200 0.106 16 0.231 1.2 0 22.7 0.024 0.195 0.000
424885 CR1000 0.268 4 0.627 2.548 2 14.9 0.168 0.768 0.963
422888 CR 500 0.324 4 0.627 2.548 0 14.9 0.203 0.905 0.000

Source: 14. 42



Site Investigation
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Site Investigation 
Road Safety Audit

ά!ƴ w{! ƛǎ ŀ formal safety performance 
examination of an existingor future road or 
intersection by an independentaudit team. It 
qualitatively estimates and reports on potential 
road safety issues and identifies opportunities 
ŦƻǊ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǎŀŦŜǘȅ ŦƻǊ ŀƭƭ ǊƻŀŘ ǳǎŜǊǎΦέ

Source: 15.
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Site Investigation 
Road Safety Audit Process (1)

Step 1: Identify project or existing road to be audited

As a result of this step, the project or existing road to be audited is 
determined and the parameters for a RSA are set.

Step 2: Select RSA Team

As a result of this step, an independent, qualified, and multidisciplinary team 
of experts  suitable for the specific RSA stage is selected.

Step 3: Conduct a pre-audit meeting to review project information

The meeting brings together the project owner, the design team and the 
audit team to discuss the context and scope of the RSA and review all project 
information  available.

Step 4: Perform field reviews under various conditions

The objective of project data review is to gain insight into the project or 
existing road, prepare for the field visit and identify areas of safety concerns. 
The field visit is used to get further insight into the project or existing road 
and to further verify/identify areas of safety concern.

Source: 15.
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Site Investigation 
Road Safety Audit Process (2)

Step 5: Conduct audit analysis and prepare report of findings

As a result of this step, the safety issues are identified and prioritized and 
suggestions are made for reducing the degree of safety risk. The RSA results are 
then succinctly summarized in the formal RSA report. 

Step 6: Present audit findings to Project Owner/Design Team

In this step, audit team orally reports the key RSA findings to the project owner 
and design team in order to facilitate the understanding of RSA findings.

Step 7: Prepare formal response

Once submitted, the formal response becomes an essential part of the project 
documentation. It outlines what actions the project owner and/or design team 
will take in response to each safety issue listed in the RSA report and why some 
of the RSA suggestions could not be implemented.

Step 8: Incorporate findings into the project when appropriate

This final step ensures that the corrective measures outlined in the response 
report are completed as described and in the time frame documented.

Source: 15.
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Site Investigation 
Sample outline of RSA report

1. Introduction

ω {ŎƻǇŜ ŀƴŘ ǇǳǊǇƻǎŜ ƻŦ w{!Φ
ω LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǇǊƻƧŜŎǘ ǎǘŀƎŜ ƻǊ ŜȄƛǎǘƛƴƎ ǊƻŀŘ ƻǊΣ ƛǘŜƳǎ ǊŜǾƛŜǿŜŘ ŀƴŘ ƴƻǘ 

reviewed.
ω tǊƻƧŜŎǘ limits.

2. Background

ω Audit team, affiliation and qualifications.
ω /ƻƳƳŜƴǘŀǊȅ ƻƴ Řŀǘŀ ǊŜŎŜƛǾŜŘ ŦǊƻƳ ǇǊƻƧŜŎǘ ƻǿƴŜǊ ŀƴŘ ŘŜǎƛƎƴ ǘŜŀƳΦ
ω DŜƴŜǊŀƭ ƻōǎŜǊǾŀǘƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ǎƛǘŜ ǾƛǎƛǘΦ

3. Findings and suggestions

ω Safety Issue 1 - Description of issue, evaluation of safety risk, suggestions.
ω {ŀŦŜǘȅ LǎǎǳŜ н - etc.

4. Formal statement - concluding statement signed by RSA team members indicating 
that they have participated in the RSA and agreed or reached consensus on its 
findings. 

Source: 15.
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Site Investigation 
w{! ¦ǎŜǎ 9ȄǇŜǊǘǎΩ hǇƛƴƛƻƴǎ

ΧǘƘŜ w{! ǘŜŀƳ Ƴŀȅ ŎƘƻƻǎŜ ƴƻǘ ǘƻ 
examine the crash history until 
after the project data review and 
site visit have been completed so 
that their evaluation is not biased 
by the crash data. 

FHWA Road Safety Audits Guidelines, p. 47

Source: 15.
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Site 
Investigation 

Data-driven 
Process 

Source: 10. 49

Preliminary analysis

Collection of background information about the intersection

Preparationof collision diagram 

Identification of predominant crash patterns

Site investigation

Planning a site investigation

Preparing condition diagram (first visit only)

Data collection at the site, if needed

Post visit analysis

Discussion of thesite investigationresults

Identification of the safety deficienciesand countermeasures

Are additional site investigations 
necessary?

N

Safety review documentation

Problem statement

Problem analysis
Á Collision diagram
Á Crash data analysis
Á Condition diagram
Á Data collected at the site
Á Photographs taken at the location

List of safety deficiencies by using the analysis results

List of recommended countermeasure 

Conclusions

Y



Site Investigation
RoadHAT

Collision Diagram

 

Condition Diagram
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Site 
Investigation

RoadHAT

Safety Checklist

Source: 10.
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RoadHATDemonstration
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Site Investigation
Traditional Checklists

ÅNeeds to be customized to the investigated 
site

ÅSome checks could be skipped at the site 
based on the so-far investigation results

ÅThe order of checks affects the investigation 
time and cost
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Site Investigation
RSIT2 Intelligent Checklist

ÅCustomized automatically before investigation

ïUnneeded checks eliminated

ïSite components (roads, approaches, exits) 
labeled

ÅUpdated automatically during investigation

ÅOrdered to maximize the investigation 
effectiveness

54



Site Investigation
Rule-based Knowledge

Increase yellow signal on approach 
IF Signalized intersection, and

Rear-end collisions on approach, and
High speed on approach, and
Short yellow signal on approach

Increase yellow signal on Main Street NB approach
IF Signalized intersection, and 

Rear-end collisions on Main Street NB approach, and
High speed on Main Street NB approach, and 
Short yellow signal on Main Street NB approach

Increase yellow signal on #a1 approach
IF Signalized intersection, and 

Rear-end collisions on #a1 approach, and
High speed on #a1 approach, and 
Short yellow signal on #a1 approach 55



Site Investigation
Example Rule-based Knowledge

Increase yellow signal on #a1 approach
IF Signalized intersection, and 

Rear-end collisions on #a1approach, and
High speed on #a1 approach, and
Short yellow signal on #a1 approach, and

Enforce speed limit  on #a1 approach
IF Two-way stop-controlled intersection, and

#a1 major approach, and
Rear-end collisions on #a1approach, and
High speed on #a1 approach 
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Site Investigation
Rule-based Knowledge - Countermeasures

Increase yellow signal on #a1 approach
IF Signalized intersection, and 

Rear-end collisions on #a1approach, and
High speed on #a1 approach, and
Short yellow signal on #a1 approach

Enforce speed limit  on #a1 approach
IF Two-way stop-controlled intersection, and

#a1 major approach, and
Rear-end collisions on #a1approach, and
High speed on #a1 approach 
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Site Investigation
Rule-based Knowledge - Conditions (checks)

Increase yellow signal on #a1 approach
IF Signalized intersection, and 

Rear-end collisions on #a1approach, and
High speed on #a1 approach, and
Short yellow signal on #a1 approach

Enforce speed limit  on #a1 approach
IF Two-way stop-controlled intersection, and

#a1 major approach, and
Rear-end collisions on #a1approach, and
High speed on #a1 approach 

58



Site Investigation
RSIT2 Generic Checklist

Check
No 
Pass

Pass

Signalized Intersection 

Two-way stop-controlled intersection

#a1 major approach

Rear-end collisions on #a1approach

High speed on #a1 approach

Short yellow signal on #a1 approach

59



Site Investigation
Customizing RSIT2 Checklist

Main St EB

Main St WB

Side St NB

RSIT2 Generic Checklist

Signalized Intersection 

Two-way stop-controlled intersection

#a1 major approach

Rear-end collisions on #a1approach

High speed on #a1 approach

Short yellow signal on #a1 approach

RSIT2-customizedChecklist

Signalized Intersection 
Two-way stop-controlled intersection
Main ST EB major approach
Main ST WB major approach
Side ST NB major approach
Rear-end collisions on Main ST EB approach
Rear-end collisions on Main ST WB approach
Rear-end collisions on Side ST NB approach
High speed on Main ST EB approach
High speed on Main ST WB approach
High speed on Main ST EB approach
Short yellow signal on Main ST EB approach
Short yellow signal on Main ST WB approach
Short yellow signal on Main ST EB approach

Information 
entered by the user

60



Site Investigation 
Investigationwith RSIT2

Check
RSIT2 
Action

User
Action

Signalized Intersection No Pass
Two-way stop-controlled intersection Pass
Main ST EB major approach Pass
Main ST WB major approach Pass
Side ST NB major approach No Pass
Rear-end collisions on Main ST EB approach NoPass
Rear-end collisions on Main ST WB approach Pass
Rear-end collisions on Side ST NB approach Skipped
High speed on Main ST EB approach Skipped
High speed on Main ST WB approach Pass
High speed on Main ST EB approach Skipped
Short yellow signal on Main ST EB approach Skipped
Short yellow signal on Main ST WB approach Skipped
Short yellow signal on Main ST EB approach Skipped

Main St EB

Main St WB

Side St NB

61



Site Investigation
Identifying Countermeasures

Enforce speed limit on Main ST EB approach
IF Two-way stop-controlled intersection   

Main ST EB major approach
Rear-end collisions on Main ST EB approach
High speed on Main ST EB  approach 

Check Pass

Signalized Intersection 
Two-way stop-controlled intersection Ҟ
Main ST EB major approach Ҟ
Main ST WB major approach Ҟ
Side ST NB major approach
Rear-end collisions on Main ST EB approach
Rear-end collisions on Main ST WB approach Ҟ
Rear-end collisions on Side ST NB approach
High speed on Main ST EB approach
High speed on Main ST WB approach Ҟ
High speed on Side ST NB approach
Short yellow signal on #a1 approach

Enforce speed limit on Main ST WB approach
IF Two-way stop-controlled intersection   

Main ST WB major approach
Rear-end collisions on Main ST WB approach
High speed on Main ST WB  approach 62



Site Investigation 
Current RSIT2

ÅKnowledge Base developed for existing roads

ÅEditing of existing and developing new KBs

ÅAutomatic customization of the intelligent 
checklist

ÅAutomatic update during investigation

ÅInvestigation results report: 
ïIdentified countermeasures with expected crash 

reduction

ïConditions supporting the countermeasures

63



Site Investigation 
RSIT2 250 Conditions

Condition description Freq Cost Off Docs
Driveway(s) on #e1 exit close to intersection 40 2 Yes d46.pdf
Inadequate visibility of driveway(s) on #e1 exit 35 3 No d42.pdf
Night time collisions at intersection 30 2 Yes
Inadequate street lights at intersection 30 2 No d78.pdf
Night time collisions on #r1 road 30 2 Yes
Poor signs reflectivity on #r1 road 15 2 No d75c2.pdf
Inadequate street lights on #r1 road 30 3 No d78.pdf
Off-road collisions on #a1 approach 40 2 Yes
Off-road collisions on #e1 exit 40 2 Yes
Edge drop-off present on #a1 approach 40 2 No
Fixed object close to traveled way on #a1 approach 40 2 No d49d55d56.pdf
Fixed object close to traveled way on #e1 exit 40 2 No d49d55d56.pdf
Inadequate lane width on #a1 approach 25 2 No d45d46.pdf
Right-angle collisions between #a1 and #a2 approach vehicles40 2 Yes
#a1 major approach 50 1 Yes
#a2 minor approach 50 1 Yes
Percent of tall vehicles considerable on approach #a2 10 2 No
Stop sign visible on #a2 approach 70 2 No d42.pdf
Divided #r1 road 40 1 Yes
Missing stoplines in the median opening on #r1 road 15 1 No 64



Site Investigation 
RSIT2 382 Countermeasures

Countermeasure Description CRF Cost

Install curb to define driveway(s) location on #e1 exit 20 3

Install median divider on #a1 approach to prevent left-turns from/to driveway(s) 15 3
Install median divider on #e1 exit to prevent left-turns from/to driveway(s) 15 3
Provide deceleration lane on #a1 approach 15 5

Provide acceleration lane on #e1 exit 15 5

Relocate driveway(s) from #a1 approach 33 4
Remove sight obstruction on #a1 approach 13 2
Remove sight obstruction on #e1 exit 13 2

Restrict left-turning at access point on #a1 approach 90 3

Restrict left-turning at access point on #e1 exit 90 3
Restrict parking near driveway(s) on #a1 approach 19 2
Restrict parking near driveway(s) on #e1 exit 19 2

Improve street lighting 36 3

Improve/install reflective signs on #r1 road 15 3
Improve/install reflectorizedpavement markers on #r1 approach 12 2

65



Site Investigation 
RSIT2 832 rules

Rule Description

{Install median divider on #a1 approach to prevent left-turns from/to driveway(s)} =
{Two-way stop-controlled intersection} + 
{Driveway(s) collisions on #a1 approach} + 
{Driveway(s) on #a1 approach close to intersection} + 
{Inadequate visibility of driveway(s) on #a1 approach} + 
{Driveway(s) design inadequate for high traffic on #a1 approach}

{Provide deceleration lane on #a1 approach} = 
{Two-way stop-controlled intersection} + 
{Driveway(s) collisions on #a1 approach} + 
{Driveway(s) on #a1 approach close to intersection} + 
{Inadequate visibility of driveway(s) on #a1 approach} + 
{Driveway(s) design inadequate for high traffic on #a1 approach}

{Increase length of left-turn bay on #a1 approach} = 
{Two-way stop-controlled intersection} + 
{Rear-end collisions on #a1 approach} + 
{#a1 major approach} + 
{Left-turn lane present on #a1 approach} + 
{Vehicle queues extend beyond turning bay on #a1 approach}
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Site Investigation 
RSIT2 Components

ÅKnowledge Base Editor

ÅSite Investigation Tool

Source: 16.
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Site Investigation 
RSIT2 Knowledge Base Editor
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Site Investigation 
RSIT Investigation Component

69



Site Investigation 
RSIT2 Report

70



RSIT2 Demonstration
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Economic Evaluation
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Economic Evaluation
Components 

ÅAgency Cost C

ïInitial Capital Cost of Project

ïYearly Maintenance Cost

ïSalvage Value, if any

ÅUser Benefit B

ïCost of Saved Crashes

ÅMeasures of Economic Effectiveness 

ïBenefit to Cost Ratio (B/C) 

ïNet Benefit (C-B)
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Economic Evaluation
RoadHATFramework

Year

Year of 
crash 
cost 
(CY)

Project Year = 
Construction 
year 
(PY)

NOW

20062007200820092010

Service 
Life (SL)

нлмм Χ 
2028

2001 20032004 20052002

Service 
Life (SL)

нлпф Χ 
2068

Service 
Life (SL)

нлнф Χ 
2048

Service 
Life (SL)

нлсф Χ 
2088

First Service Life (SL)

2009 2028

Period of traffic growth

Agency 
Costs

User 
Benefits

Construction 
Cost (CC)

Salvage 
Value (S)

Change in Annual Maintenance Cost (M)

Annual User Benefit (B)

Begin-
ning 
year 
(BY)

Last 
year 
(LY)

Period with 
crash data

Source: 10.
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Economic Evaluation
Procedure

1. Collect Required Input
ïSafety Improvements, Crash Data, Traffic Volumes, Traffic 

Growth Factor, Capacity, Construction Cost, Salvage Value, 
Maintenance Cost, etc.

2. Determine Crash Reduction Factors
3. Calculate Traffic Growth Period
4. Estimate Present Year Crash Frequency
5. Estimate Present Year Safety Benefit
6. Calculate Present Worth of Total User Benefits
7. Calculate Present Worth of Total Agency Costs
8. Calculate Measures of Effectiveness
ïB/C, NB (total present worth, annualized)

9. Conclusion 

75

http://www.acclaimimages.com/_gallery/_pages/0093-0604-1015-0700.html
http://cgi.ebay.com/T94-Harley-Davidson-Black-Leather-Fashion-Cap-Hat_W0QQitemZ104750257914QQihZ020QQcategoryZ52366QQtcZphotoQQrdZ1QQcmdZViewItem


Economic Evaluation
RoadHATReport
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