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A What is safety?

A Measuring and predicting safety

A Road safety management process

A Screeningoad networks (SNIP)

A Screeninginder limited exposure data

A Investigating existingpads RoadHATRSIT?2)

A Economievaluation ofcountermeasuresfoadHAY
A Safety in road planningalternativesbased (PASS)
A Safety in road planningoptimizationbased (SNIP2)




What road and when Is safe?

. Road with many complaints from motorists
about unsafe conditions

. Curvy twelane road with narrow shoulders
and limited sight distance

. Road with high traffic volume and high
speeds

. Road that follows all geometry standards
. During a day without crash of any sort

. Intersection during a day with the probabillity
of crash 0.7



More than One Safety

1. Subjective safety (Q1)

2. Expert knowledge (Q2, Q3)
3. Normative safety (Q4)

4. Objective safety (Q5, Q6)



Measuring Objective Safety



Measuring Objective Safety

A Crash frequency
A Crash severity

A Derivatives of crash data
I Crash rate
I Severity index
I Other



Measuring Objective Safety

Crash Frequency

A Annual crash counts

A Crash frequencyexpected annual
crash count

A Precision of crash frequency estimation



Measuring Objective Safety
Crash Rate

A Exposure; conditions that affect safety and
are not meant to be modified through safety
Interventions

A Crash rate (# crashes/unit exposure)
100,000,000 vehicleiles traveled (VMT)
100,000 registered vehicles
100,000 licensed drivers



Measuring Objective Safety

CrashFrequency vs. Crash Rates

Annual Craslkrequency=
Crash Ratex Annual Exposure



Measuring Objective Safety
Crash Frequency
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Measuring Objective Safety
Crash Rate

Fatality Rate per 100 Million Vehicle Miles Traveled
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Crash Counts

Measuring ODbjective Safety
Variabilityof Crash Counts
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Measuring Objective Safety
Confidence Interval
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90% Confidence Intervadlength

Mean Count

Measuring Objective Safety

Precision of Frequency Estimate

Crash freq. = 3

Crash freq. = 10

Crash freq. = 50

il
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Measuring Objective Safety

Personal Injury Severity

A KABCO scal® levels, at crash scene by police)
I Kfatality
I A- Incapacitating injury
I B-non-incapacitating injury
I Gpossible injury
I O¢ property damage
A Abbreviated Injury Scal@lS 7 levels, in
hospital by medical personnel)
I 8 body regions
I MAIS¢ max value out of 8

More information in Source 2.



Measuring Objective Safety
KABCO Injury Costs

A Economic loss vs. willingness to pay

A Personal injury costs (economic loss in $2009
i Death $1,290,000
I Incapacitating Injury $67,800
I Nornrincapacitating Injury $21,900
I Possible Injury $12,400
i PDO $3,700

Source: 3.



Measuring Objective Safety
MAIS Injury Costs

Summary of Unit Costs, 2000
2000 Dollars

A0 MAISO MAIS1 MAIS2 MAIS3 MAIS4 MAIS5 Fokcd
Medical S0 $1 $2,380 $15,625 $46,495  $131,306 $332,457 $22,095
Emergency Services $31 $22 $97 $212 $368 $830 $852 $833
Market Productivity $0 $0 $1,749 $25,017 $71,454  $106,439 $438,705 $595,358
HH Productivity $47 $33 $572 $7,322 $21,075 $28,009 $149,308 $191,541
Insurance Admin. $116 $80 $741 $6,909 $18,893 $32,335 $68,197 $37,120
Workplace Cost $51 $34 $252 $1,953 $4,266 $4,698 $8,191 $8,702
Legal Costs $0 $0 $150 $4,981 $15,808 $33,685 $79,856 $102,138

Subtotal $245 $170 S5,94 $62,020 5$178,358 S5337,301 $1,077,567 $957,787

NON-INJURY COMPONENTS

Travel Delay $803 $773 $777 $846 $940 $999 $9,148 $9,148
Property Damage $1,484 $1,019 $3,844 $3,954 $6,799 $9,833 $9,446 $10,273
Subtotal $2,287 51,792 54,621 54,800 $7,739 510,832 518,594 $19,421
Total $2,532 |$1,962 510,562 $66,820 $186,097 $348,133 51,096,161 $977,208

Source: 4. 17



Measuring Objective Safety

Crash Severity and Costs

A Personal injury severity costs

A Crash severity (max personal injury)

A Average crash costs for various conditions
A Use of KABCO and MAIS injury costs

Source: 5.



Objective Safety Measured Indirectly

A Crashes are infrequent
A Crashes are poorly reported

A Traffic conflicts
A Other surrogate events (e.qg. traffic violations)
A Speed

A Linking surrogates with crashes

Sources: 6, 7, 8.



Measuring Objective Safety
SafetyPerformance Function (SPF)

Road sections
a=exp(B,)- AADT” - L-exp(b,- X, +..+b, - X,)

Intersections
a=exp(s,) - AADT/ . AADT/ 2 -exp(b,- X, +..+b - X )




Measuring Objective Safety
Example SPF for Urban Arterial Streets

Total crashes 0.494 X5egment lengthx Yearsx AADTX

EXR 0.0285 xAccess density 0.631 xShoulder+ 2.520 PS¢
0.748 XTWLTIc 0.604 x Median), o =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, O otherwise

TWLTIL= 1 if twoway leftturn lane is present, O otherwise

Median= 1 if median exists with no openings between signals, 0
otherwise.

Source: 9.



Measuring Objective Safety
Use of Safety Performance Functions

A Analysis of the presence

I Estimate present safety

I ldentify highcrash locations
A Prediction of the future

I Predict future safety
I Predict the effects of improvements



90% Confidence Intervdlength

Mean Count

Measuring Objective Safety

Estimation Precision: SK$: Crash Count
SPFRoverdisp = 2.0

SPFoverdisp = 1.0

SPFoverdisp = 0.5

SPFoverdisp = 0.2
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Measuring Objective Safety

Combining Estimates

Crash Count
0.8 - (a=2.400=0.083)

0.7 - Combined Sources
' (a=2.640=0.051)
0.6 T

0.5 - Safety Performance

i Function (a=3.12,
0.4 :=0.130)
0.3 T

Density

0.2 1
0.1 7

0 1 2 3 4 3 6 /

More information in source 10. Value 24



Predicting Safety Effects

Crash Modification/Reduction Factors

A Acrash modification factofCMB is a
multiplicative factor used to compute the
expected number of crashes after implementing &
given countermeasure at a specific site.

CAfter: CMF CBefore

A Acrash reduction factofCRFFis the expected
percent crash reduction.

CMF = 1 CRF/100

Source: 11. http://www.cmfclearinghouse.org/index.cfm



http://www.cmfclearinghouse.org/index.cfm

Predicting Safety Effects
Quality of CMF/CRF

Relative
Rating

Standard
Error

Potential
Bias

Data
Source

Source: 11.

Excellent

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

Large sample, multiple
years, diversity of sites

Small compared to CRF

Controls for all sources ¢
known potential bias

Diversity in States
representing different

geographies

Fair

Cross sectional study or
other coefficient based
analysis

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

Relatively large SE, but
confidence interval does
not include zero

Controls for some sources
of potential bias

Limited to one State, but
diversity in geography
within State (e.q.

Poor

Simple before / afte
study

Limited
homogeneous
sample

Large SE and
confidence interval
includes zero

No consideration of
potential bias
Limited to one
jurisdiction in one
State




Road Safety Management

A Hazard Elimination Program
I Road screening for hazards
| Site investigation of highrash roads

I Economic evaluation and selection of safety
Interventions

A Targeted Safety Programs
I Road screening for certain deficiencies
I Implementation of safety interventions

A Safety in Road Planning



Road Safety Management
Two Perspectives

A Systerawide perspective
I Crash frequency
I Most cost effective at mitigating hazards

A User perspective
I Crash rate
I Promotes fairness by balancing risk among users

Source: 12.



Screening Road Networks



Screening Road Networks
Concepts

A Current safety level at location: S
A Reference safety levely S
A Highcrash location ifS > $

A Selecting the measure of safety:
I Severity and frequency, rate, or proportion
I Cost
A Selecting the reference safety level
I By policy (certain)
I EXxpected for exposure (uncertain)
A Statistically testing if S 3 S
I Select a proper distribution
I Use confidence level F or index |



Probability

Screening Road Networks
Confidence F
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Probability

Screening Road Networks

Index |
0.4 ~ —
,_S-5,
0.35 - —
0.3 - Os_s,
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S = current safety level,
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DATA AND RESULTS INTERFACE PROCESSING
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Screening Road Networks

SNIP

Interrelationship of Scope, Element &
Selection Criteria in Safety Screening

Element
Selection
Criteria

Selected
Selected Crashes
Elements )

afety
Screening
Tool

34



Screening Road Networks
Safety Needs Identification Packag8NIP

Crash FrequencyCrash frequency are represented by
the crash count of a specific type of crashes at the roac
locations in the analysis period.

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

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

Reference Safety Levelverage frequency, rate, or
proportion in the population of road locations.



Screening Road Networks
SNIR; Exposure Measures

Element of
L Exposure Measure
Investigation
Area: county, Population, Vehicle-Miles Traveled
township, city (VMT), Registered vehicles
Road Segment Daily VMT, Length
Road Intersection |Intersection ADT




<4 SNIP Safety Meeds Identification Package

Screenning | Clustening | Visualization

The Screening Tool assizts the uzer in identifping
road components and areas with potential safety
problems in [ndiana.

Thiz applization haz been developed in Microzoft
Accezz 2007 with SOL and Wisual B asic,

Exit

Start Screenning | ‘

SNIP Demonstration
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Screening Road Networks
Limited Exposure Datao traffic volume data)

ASafety measure for segment€rash Density (crashes/mile)
AlLand use and network characteristiesurrogates of traffic
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Screening Road Networks
Limited Exposure Dafao traffic volume data)

Variable Definition
DIST Distance to the nearest state road (mile)
AADT AADT of nearest state road (veh/day)

POP DEN |Populationdensity (per sgmile)

HH DEN |Householdensity (per sg. mile)

HH SIZ Householdsize

HH INC Meanhouseholdincome ($)

VEH DEN |Density ofregisteredsehicles (per sg. mile)

EMP DEN |Employment density (per sq. mile)

LRD DEN |Density of local road networtimiles/ sg. mile)

SRD DEN |Density of state roashetwork(milesd sq. mile)

ARD DEN |Density of public roasetwork (mileg sq. nile)

Source: 14.




Screening Road Networks

Limited Exposure Data
Classification Tree Analysis

Number of | Reference | Standard

Exposure Conditions in a Road Group Segments | Densitym Dev. o

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
=
i 08 | 035 | 1743
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




Screening Road Networks
Limited Exposure DataConfidence Level F

A segment of length belongs to
a road group with mean crash densityand std. devo.

sis the number of crashes on the segment.

S the estimate of the number of crashes on the segment under
the group exposure condition§;follows the Negative Binomial
distribution with parameters:

m,=L-m,
05 =My~ (L+a-my), F=Prg <s|lm,,o,).
a_az—m

m Source: 14.



Segmen
ID

Screening Road Networks
Limited Exposure DateExample Results (F*=0.95

Segment
Name

No. of
crashes
S

435592

CR 90

483253

CR 100

428629

CR 600

484382

CR 350

421790

CR 850

430394

CR 150

425277

Appleman

420197

Addis

425912

CR 350

430079

CR 600

435308

CR 400

427277

Baseline

427498

CR 1100

426139

CR 400

434576

CR 200

420675

Rimmel

436474

CR 200

424885

CR1000

422888

CR 500

Source: 14.
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Site Investigation



Site Investigation
Road Safety Audit

a! vy wfotmal Aafety performance
examination of arexistingor future road or
Intersection by anndependentaudit team. It
gualitatively estimates and reports on potential
road safety issues and identifies opportunities
FT2NJ AYLINPOSYSYyua Ay a

Source: 15.



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 praudit 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 projec
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.



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 result:
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 own
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 projet
documentation. It outlines what actions the project owner and/or design tearn
will take in response to each safety issue listed in the RSA report and why sc
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.



Site Investigation
Sample outline of RSA report

1. Introduction

) {c“)zLJS YR LIJzZN1R2&as 2T wi!

w LRSYUATFAOLFIGAZY 27 LJNEZSO aal3s 21
reviewed.

w t NEndS O

2. Background

wAudit team, affiliation and qualifications.
w [/ 2YYSYUGlINE 2y RIFGIF NBO DS
w DSYSNIft 206aSNWI A2y a N I N

S A NP
B3Il 3

D¢ <

T |
Ay A
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3. Findings and suggestions

wSafety Issue 1Description of issue, evaluation of safety risk, suggestions.
w {lFFSiet.LaadzS

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

Source: 15.



Site Investigation
w{! !'"&aS&8 9ELISNIa&Q

XU0KS w{! GSIY Yl
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
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Site
Investigation

Datadriven
Process

Source: 10.

Preliminary analysis

= Collection of background information about the intersection
= Prepaationof collision diagram

= Identification of predominant crash patter

Site investigation

= Planninga site invesgation

= Preparing condition diagranfiKst visit only)
= Data collection at the sitéf needed

Post visit analysis
= Discussion othesite investigatiomesults
= Identification ofthe safety deficiencieand countermeasures

Are additionalsite investigatios
necessary?

Safety review documentation
= Problem satement
= Problem aalysis

A Collision diagram

A Crash datamalysis

A Condition dagram

A Data ollected at the site

A Photographs taken at the location
= List of safety deficiencies by using the analysis results
= List of recommendedountermeasure
= Conclusiors




Collision Diagran

Condition Diagram

Site Investigation
RoadHAT
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Safety Review Checklist Form F3 (Page 1 of 6)

|
Facility type
I e Location Pleasantville
State Street at Main Street
GIS
] n
Post
Investigation =
Date 10/03/2002
Time
Weather
R O ad H AT Deficiency Possible | Confirmed

Group A

Moving lanes

L] Lane widths are inadequate for vehicle classes that are common to the location
; afe ty ( : I l e ‘ kI I St Number of lanes inadequate for traffic

Readability

Lanes end abruptly without prior warning (lanes are not aligned) e

Auxiliary/Turning Lanes

>f lane drops
Condition Diagram Form F4 (continuation)
Location | Pleasantville i(e.g. driveways are too close to the intersection) v
State Street at Main Street 4
GIS s Y
Post
Analyst vehicle classes that are common to the intersection
Date 10/03/2002 19
2re warranted
Identified Deficiencies: Proposed Countermeasures: ed
The intersection of State and Main Street is a signalized (1) The safety investigation of the State and Main rs
Jintersection, and there are no existing deficiencies in the [Street intersection indicates the need for an
geometric design of the intersection and the signal is exclusively left turn lane. jnment
operating properlyThe primary reason for the predominant t affect the visibility of the intersection o
left turn crashes was found to be absence of exclusive left |(2) The existing traffic signal could be modified and a
turn lanes, which leads to erratic maneuvers by vehicles |signal pole and a mast arm could be installed to v
gaing through and rear-end collisions. provide an exclusive left turn phase.
{ crest curves
(3) The diameter of the lenses could be increased and || of superelevation
the lenses could be cleaned for better visibility of the — —
signals. liding in adverse weather condition
. 2 ch could be unsafe in adverse weather conditions
(4) Suitable changes would be made in geometry of
the intersection to accommodate the exclusive left
turn lane. Source: 10.
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Site Investigation
Traditional Checklists

A Needs to becustomizedo the investigated
Site

A Somechecks could be skipped at the site
based on the sdar investigation results

A The order of checkaffectsthe investigation
time and cost



Site Investigation
RSIT2 Intelligent Checklist

A Customized automatically before investigation
I Unneeded checks eliminated

I Site components (roads, approaches, exits)
labeled

A Updated automatically during investigation

A Ordered to maximize the investigation
effectiveness



IF

IF

IF

Site Investigation
Rulebased Knowledge

Increase yellow signal on approach
Signalized intersection, and
Rearendcollisions orapproach, and
Highspeed ormapproach, and
Shortyellow signal orapproach

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

Rearendcollisions orMain Street NBapproach, and
Highspeed orMain Street NBapproach, and
Shortyellow signal oMain Street NBapproach

Increase yellow signal o#ialapproach
Signalized intersection, and

Rearend collisions o#tal approach, and
High speed o#alapproach, and

Short yellow signal o#ialapproach



IF

Site Investigation
Example Ruk®ased Knowledge

Increase yellow signal o#ialapproach
Signalized intersection, and
Rearendcollisions or#al approach, and
Highspeed or#alapproach, and
Shortyellow signal o#alapproach, and

Enforce speed limit o#alapproach
Two-way stopcontrolled intersection, and
#almajor approach, and
Rearendcollisions or#al approach, and
Highspeed or#alapproach



Site Investigation

Rulebased KnowledgeCountermeasures

IF

Increase yellow signal offtalapproach
Signalized intersection, and
Rearendcollisions or#al approach, and
Highspeed or#alapproach, and
Shortyellow signal ostal approach

Enforce speed limit o#alapproach
Two-way stopcontrolled intersection, and
#almajor approach, and
Rearendcollisions or#al approach, and
Highspeed or#alapproach



Site Investigation

Rulebased KnowledgeConditions (checks)

Increase yellow signal o#ialapproach
IF Signalized intersectiqrand
Rearendcollisions orfalapproach and
Highspeed or#alapproach and
Shortyellow signal ostalapproach

Enforce speed limit o#alapproach

I= Two-way stopcontrolled intersectionand
#almajor approachand
Rearendcollisions or#al approach and
Highspeed or#alapproach



Site Investigation
RSIT2 Generic Checklist

Check e Pass
Pass

Signalized Intersection

Two-way stopcontrolled intersection

#almajor approach

Rearend collisions o#alapproach

High speed o#alapproach

Short yellow signal o#tal approach




Site Investigation
Customizing RSIT2 Checklist

Main St EB

e Information

entered by the user

Main St WB

b

RSITZustomizedChecklist

Signalized Intersection

Two-way stopcontrolled intersection

Main ST EBnajor approach

Side St NB Main ST WBnajor approach

Side ST NBhiajor approach

R CENEE CliathlE: Rearend collisions oMain ST ERpproach

Signalized Intersection Rearend collisions oMain ST WBpproach

Twoway stopcontrolled intersection 3 Rearend collisions orSide ST NBpproach
#almajor approach High speed oMain ST ERpproach

Rearend collisions oftal approach High speed oMain ST WEpproach

High speed otalapproach High speed oMain ST EBpproach

Short yellow signal otial approach Short yellow signal oMain ST ERBpproach
Short yellow signal oMain ST WEpproach

Short yellow signal oMain ST ERpproach




Main St EB

Investigationwith RSIT2

Site Investigation

b

Main St WB
RSIT2 User

IS Action | Action
Signalized Intersection No Pass
Two-way stopcontrolled intersection Pass

Side St NB | Main ST EBiajor approach Pass
Main ST WHBnajor approach Pass
Side ST NBajor approach No Pass
Rearend collisions oMain ST EBpproach No Pass
Rearend collisions oMain ST WRpproach Pass
Rearend collisions obide ST N8pproach Skipped
High speed oMain ST EBpproach Skipped
High speed oMain ST WRBpproach Pass
High speed oMain ST EBpproach Skipped
Short yellow sighal oMain ST EBpproach Skipped
Short yellow signal oMain ST WRpproach Skipped
Short yellow sighal oMain ST EBpproach Skipped




Site Investigation
ldentifying Countermeasures

Check Pass

Signalized Intersection

Two-way stop-controlled intersection
Main ST EBnajor approach

Main ST WBnajor approach

Side ST NBajor approach

Rearend collisions omMain ST EBpproach
Rearend collisions orMain ST WEpproach | K
Rearend collisions orbide ST N&pproach
High speed oMain ST EBpproach

High speed orMain ST WEpproach K
High speed obide ST N&pproach
Short yellow signal ofialapproach

RIXR|R

Enforce speed limit on Main ST EB approach
IF v Twoway stopcontrolled intersection
v Main ST EB major approach
Rearend collisions orMain ST EB approach
Highspeed onMain ST EB approach

Enforce speed limit on Main ST WB approach
Twoway stopcontrolled intersection

Main ST WB major approach

Rearend collisions orMain ST WB approach
Highspeed onMlain ST WB approach

NN



Site Investigation
Current RSIT2

A Knowledge Base developed for existing roads
A Editing of existing and developing new KBs

A Automatic customization of the intelligent
checklist

A Automatic update during investigation

A Investigation results report:

I Identified countermeasures with expected crash
reduction

| Conditions supporting the countermeasures




Site Investigation
RSIT2 250 Conditions

Condition description Freq| Cost] Offl Docs
Driveway(s) on #el exit close to intersection 40 2 | Yeq d46.pdf
Inadequate visibility of driveway(s) on #el exit 35 3 | No| d42.pdf
Night time collisions at intersection 30 2 | Yed
Inadequate street lights at intersection 30 2 | No| d78.pdf
Night time collisions on #rl road 30 2 | Yeq
Poor signs reflectivity on #rl road 15 2 | No| d75c2.pdf
Inadequate street lights on #rl road 30 3 | No| d78.pdf
Off-road collisions on #al approach 40 2 | Yeq
Off-road collisions on #el exit 40 2 | Yes
Edge dropoff present on #al approach 40 2 | No
Fixed object close to traveled way on #al approach 40 2 | No| d49d55d56.pdf
Fixed object close to traveled way on #el exit 40 2 | No| d49d55d56.pdf
Inadequate lane width on #al approach 25 2 | No| d45d46.pdf
Rightangle collisions between #al and #a2 approach vehi¢ 40 2 | Yeq
#al 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 #rl road 15 1 | No




Site Investigation

RSIT2 382 Countermeasures

Countermeasure Description CRF | Cost
Installcurbto define driveway(s) location on #el exit 20 3
Install median divider on #al approach to prevent-tefins from/to driveway(s) 15 3
Install median divider on #el exit to prevent Kidirns from/to driveway(s) 15 3
Provide deceleration lane on #al approach 15 5
Provide acceleration lane on #el exit 15 5
Relocate driveway(s) from #al approach 33 4
Remove sight obstruction on #al approach 13 2
Remove sight obstruction on #el exit 13 2
Restrict leftturning at access point on #al approach 90 3
Restrict leftturning at access point on #el exit 90 3
Restrict parking near driveway(s) on #al approach 19 2
Restrict parking near driveway(s) on #el exit 19 2
Improve street lighting 36 3
Improve/install reflective signs on #rl road 15 3
Improve/installreflectorizedpavement markers on #rl approach 12 2




Site Investigation
RSIT2 832 rules

Rule Description

{Install median divider on #al approach to prevent-tefins from/to driveway(s)¥
{Twoway stopcontrolled intersection} +
{Driveway(s) collisions on #al approach} +
{Driveway(s) on #al approach close to intersection} +
{Inadequate visibility of driveway(s) on #al approach} +
{Driveway(s) design inadequate for high traffic on #al approach}

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

{Increase length of lefturn bay on #al approach} =
{Twoway stopcontrolled intersection} +
{Rearend collisions on #al approach} +
{#al major approach} +
{Left-turn lane present on #al approach} +
{Venhicle queues extend beyond turning bay on #al approach}




Site Investigation
RSIT2 Components

A Knowledge Base Editor
A Site Investigation Tool

Road Site Investigation Tool

Site Investigation
Stau i igati

w investigation
inue a saved one

1 §f Knowledge Base
Read or edita

Source: 16.
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Site Investigation
RSIT2 Knowledge Base Editor

KnowledgeBase_FINALL - RSIT Knowledge Base Editor - |I:I|i|
File Help
Search for ISignaI 2187 Rulez ¢ Countermeasures € Conditions Shiows I Shiow All I

Rule= ;l

{Remove distracting commercial lighting or other =ource of glare at intersection} = {Signalized inter=zection} + {Might time collizions at interze
{Upgrade signing on #R1 road} = {Signalized intersection} + {Might time collisions at intersection} + {Poor signs visibility on #81 road}
{Employ emergency vehicle preemption} = {Signalized intersection } + {Inadequate emergency vehicle preemption

JConvert & four-leg intersection into two t-intersections} = {Signalized intersection} + {Very high crash frequency

{Convert two t-imtersections into one four-leg imtersection } = {Signalized intersection } + {very high crash frequency }

{Remove deflection in through-vehicle travel path} = {Signalized intersection} + {%ery high crash frequency}

{Clo=se intersection leg or convert to one-way street } = {Signalized intersection} + {%ery high crash frequency }

{Convert intersection irto roundabout } = {Signalized intersection } + {%ery high crash frequency}

{Convert two two-way streets into a pair of one-way streets} = {Signalized intersection } + {%ery high crash frequency}

{Construct interchange} = {Signalized intersection} + {%ery high crash frequency}

{Add spac:lal Slgnlng an #A1 approach} {Slgnallzad |r|tarsac:t|on} + {leed Dbjact cloze to traveled Wa':,-' an #a'l approach} + {Trees c:losat

4| | >
Fule End Editing | Delete | Updae |
Countermeaszure CRF Cost
Ilmprove horizortaltvertical alignment on #41 approach |42 IS LI
Conditions -+ I & I Probability  Cost Off-Site Reference
[Signalized intersection Jz0 f1
IAngIa collizions ISD |1
ILaﬂ—turn callizions on #1 road ISD
IPcu:n' wigikility of opposite vehicles |1 5 2
IPcu:n' horizontaltvertical alignment on #31 approach |3I:I |3

KN | K {0 | K K

aaamia g in A




Site Investigation
RSIT Investigation Component

=10lx|

nvestigationl - RSIT 5ite Investigation

Inwvestigation  Help

Intersection Diagram
Specify the geametry of the interzection.

Intersection Type: =< Unknown =
5]
Investigation  Help Road Diagram
Project Information
Enter the details of the project
Project ‘
Jurisdiction |
Location EER F—— : =, W
]
Fasility t ‘ Investigatinnl - RSIT Site Investigation
acility type

Irevestigation

Help

Investigators ‘

Checklist
Check the conditions that apply for the project.

=10l x]

Date A 72872008 *| Time [o5z0aM 1
. - ; Hide Text Size + Save Checklist
Light canditions | Lock g SKP _ JJ s
L |
Camments ‘ [ I I [Rearend collisions on Main Road WE approach | v
ﬂ e Right-angle collisions be:lween Wain Foad 'WE and Main | [
Confidence levels (%) High | 100 Lirnited | 80 Low| B0 s Rioad EB approach vehicles
e Right-angle collisions between Main Road WE and One v
'/ ay Street approach vehicles
[ I 7 [Head-on colisions on One Way Street approach | v
| it [0 I I [Rearend collisions on One ‘Way Stieet approach | v
T [Fied ohject obstructs view fram a crasswalk at r~
interzection
- r Inadequate bicycles access design | r~
- r Inadequate center line marking | r~
- r Inadequate channelization of rail road crassing | v
- r Inadequate clearance interval | r~
r " |\nadequate design far handicapped at intersection | r

Pass - Corfidence
High Limited Lows  Fef. Comments

m

<l

NN I B .

[ (A (A

r L

-
-

4 /N [ (A (A (R B R

-




Site Investigation
RSIT2 Report

Investigation1 - RSIT Site Investigation - 10| |

Investigation  Help

Countermeasures
Prezz the buttan to print the countermeasures report,

Save Report

RBoad Safety Inwvestigation Tool w.Z :EJ
REFORT

Project: Demonstration

Jurisdiction: Purduese University

Location:

Facility: Signalized Intersection

Investigators: A. Erowm

Date: Time:

Light Conditions: Good

Comments: This iz a demonstration of REITZ
Confidence levels (%) High: 90 Limited: Y5 Low: &0

Tdentified Countermeasure 1:

Conwert intersection into roundahout Confidence P = &0%
Crash Reduction Factor = 5%
Expected crash reduction = 31%

Justifying conditions:

1. Inadecuate design for high traffic wolume (60% confidence)

< Back | Est |




s RSIT BEX]

Road Site Investigation Tool

version 2.0

Site Investigation
Start a new investigation
or continue a saved one

5T Knowledge Base
Read oredita
Knowledge Base

@ Help

RSITDemonstration
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Economic Evaluation
Components

A AgencyCost C
I Initial Capital Cost of Project
I Yearly Maintenance Cost
| Salvage Value, Iif any

A UserBenefit B
I Cost of Save@rashes

A Measures of Economic Effectiveness
I Benefit to Cost Ratio (B/C)
I Net Benefit (€B)




Economic Evaluation
RoadHATFramework

Period with

crash data
Year of s A\ N
crash  Begin Project Year =
cost ning Last Construction  geryice Service Service Service
(CY) year year year Life (SL) Life (SL) Life (SL) Life (SL)

(BY) (LY) (PY) = — — —
r )
NOW
1 Year

20012002 20032004 2005()062007200820092010 4 T MM HXTH o HXI M ¢ HXO1 C g X
2028 2048 2068 2088

Construction First Service Life (SL) Salvage
gt (CC) N \Value (S)
Agency Change in Annual Maintenance Cost (M)
Costs
2009 2028
User
Benefits
e ~/ — Annual User Benefit (B)

Source: 10. Period of traffic growth



1.
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EconomicEvaluation
Procedure

Collect Required Input

I Safety Improvements, Crash Data, Traffic Volumes, Traffic
Growth Factor, Capacity, Construction Cost, Salvage Value,
Maintenance Cost, etc.

Determine Crash Reduction Factors
Calculate Traffic Growth Period
Estimate Present Year Crash Freqguency
Estimate Present Year Safety Benefit

Ca
Ca
Ca

cu
Ccu
Ccu

ate Present Worth of Total User Benefits
ate Present Worth of Total Agency Costs
ate Measures of Effectiveness

I B/C,NB (total present worth, annualized)
Conclusion


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

RoadHAReport

| Benefit Cost Analysis Form F5.2
Location | Pleasantville
State Street at Main Street
Gls
Post
Analyst
Date 10/03/2002
Y=LY-BY+1 3 |¥y=1¥- —BY ;LY 4 Y4=PY-CY 1 Y =IY-PY 1
1 1
D—+PD R \ZIDA —+IF R IExTy
appl :‘IL Y{HEJ 9.04 am =—I—IF YX[HEJ 4,38
PR — +
Dpp x app Drxap
F Y3 |
Cypp=(1+—) " x C $6,630 Cop=(1+— x C $43,350
P 100 0 = IUU) ¥
I s
(1+—)™ S S M,
PWCC = . = S| cCyx }DDSL $1,185,490 Gl ) I jY‘ o1 1 1.y, $96,154
7 i +— —(1+—
At ™ ! Qg -1 “* oo o0 100
PWS=— s B .
i L)y‘ Ly (1+L:,ST-1 _1 $4,004 |GT =min mt(log“iGF)— Y,,GY-Y, 30
100 100 100
RFp - 1 CFF
Bppp = T w0 *Coop| 50463 | BT Ty " 1o “Crv | 63831
d+—) d+—)
100 100
GT il +i)ZPD"J' - -
PWBsp = 3 [Bppp x— 0 [+ = —E $745,317
=1 14+— j=GTH | (1 + —FCT
) k lDI]) A 1IJIJj
R .z
T 1+ )" FY w B
PWBE= 3 [Bm;. X 10'3[ T % 52,088,142
=1 1+—)) J=CTH | 1+ =T
. 4 59 5
EUAB = ( PWEPD+PWB IF)XIL $113,338 EUAC =(PWCC +PWNM -PW5) x % $51,106
PWB = PWB PD+ PWE IF $2,833,460 PWC = PWCC + PWM - PWS $1,277,639
NAB = EUAB - EUAC $62,233 PWNE = PWB - PWC $1,555,820
B _ EUAB -
C EUAC )




