JANUARY 2013

VERSION 2.0 —— iy

ENHANCED NCHRP 17-38

Prepared for
Highway Safety Improvement Program

Driving Zero Fatalities to a Reality E,
———Partnering for lllinois__}

b






Highway Safety Improvement Program

Enhanced NCHRP 17-38
Spreadsheet Tool

Version 2.0
Users Manual

llinois Department of Transportation






Table of Contents

1.

10 o U3 £ o o PP 1-1
O R O AV =T 4T PSR PPPPPPPPPPPR 1-1
1.2, NeW Version CRAnQES......ccooiiiiiiiiiiiiieee ettt e e e e e e e 1-1
Tool NeW Features EXAMPIES ...ttt e e e e et s e e e e e e e e aanra e e e e e e e 2-1
2.1, New Data ENtry OVEIVIEW .........uuuuuuuuiiiiiiiiiiiiiiiiiiiiiieiiinnenneennnenenennneeenennneenneenneenne 2-1
2.2.  Multiyear Analysis Applying Growth Factor...........ccccvvviiiniiieiireeccee e, 2-8
Tool Application of the Predictive Methods ..........cooiiiiiiiiic e 3-1
3.1. Rural Two-Lane, TWO-Way ROAUS ..........cuuvviriiiiiiiiiiiiiiiiiiiniiiireresrirniernrn. 3-1
3.2, Rural MUltilane HIGhWAaYS .........uuuiuieii e 3-16
3.3. Urban and Suburban ArterialS ..o, 3-31
L =R 4-1
4.1,  Show Detailed ANalySiS.......cccoooiiiiii i 4-1
4.2, ShOW CalCUIALIONS ... 4-2
4.3, PrNEPIEVIEW ..o 4-4
N o q o [0 ] S D = - 4-6
4.5,  Edit/Change ANAIYSIS ........oueiiiiiiiiiiiiiiii e 4-7
4.6, HEIP MENU ..o 4-9
Appendix
Appendix A: Tab Naming Definition — All Modules............cocooiiiiiiiiiicii e A-1
A-1 Rural Two-Lane, TWo-Way ROAAS ......cccoooieeiieei e, A-1
A-2 Rural Multilane HIgNWAYS ........oeeiiiiiiiiiiiieeee e A-3
A-3 Urban and Suburban Arterials ... A-5
Appendix B: Troubleshooting Office 2003............ccoiiiiiiiic e B-1
Tables
Table 1 Rural Two Lane Segment Data Ne€dS........ccooeeveeiiiiiiiei e, 3-5
Table 2 Rural Two Lane Intersections Data NeedS........cccoveevieeiiieiieee i 3-8
Table 3 Rural Multilane Highways — Divided Segments Data Input................cceeeeeenn. 3-21
Table 4 Rural Multilane Highways — Undivided Segments Data Input.......................... 3-23
Table 5 Rural Multilane Highways — Intersections Data Input...............cccoeeeeeeee e, 3-24
Table 6 Urban and Suburban Arterials - Segment Data Needs ............ccoeeeeveeieeiieeenenn. 3-36

Table 7 Urban and Suburban Arterial - Intersection Data Needs.........ccoccovvevvvenveenreennns 3-39






ENHANCED NCHRP 17-38 SPREADSHEET TOOL USERS MANUAL

1.

Introduction
1.1. Overview

The National Cooperative Highway Research Program (NCHRP) 17-38 project
deliverables included the development of briefing materials and a training course to
assist highway agencies to understand the Highway Safety Manual (HSM). As part of
the project, three Microsoft Excel spreadsheets were developed to help analysts
understand how to apply the crash predictive methods for different facility types included
in Part C of the HSM. Predictive models for rural two-lane, two-way roads, rural multilane
highways, and urban and suburban arterials are provided in HSM Chapters 10, 11, and
12.

The lllinois Enhanced 17-38 Spreadsheet Tool (IEST) has been built using the NCHRP
17-38 spreadsheets as starting point, and provides a more robust and user-friendly
interface for applying the three HSM Part C predictive methods.

This second version of the tool provides improved capabilities for analyzing roadway
facilities. For example, users can now decide between entering Average Annual Daily
Traffic (AADT) information for each year or applying a growth factor.

This manual provides step-by-step instructions for using the IEST tool developed by
Illinois Department of Transportation (IDOT). It also provides several example scenarios
to assist the analyst in understanding use of the tool in project development.

The manual is organized into four chapters and the appendix. Chapter 1 contains the
introduction and new features of the tool. Chapter 2 provides examples of the tool new
features. Chapter 3 provides examples of the application of each of the HSM predictive
methods using the tool. Chapter 4 describes the utilities included in all modules.
Appendix A contains the tab naming definition for all modules. And Appendix B contains
the troubleshooting section for Microsoft Office 2003.

1.2. New Version Changes
The new version of the IEST tool includes several new features that are listed below:

e Improved user interface

o Ability to perform corridor analyses for up to 50 segment/intersection locations
e Ability to analyze up to 5 years of data

e Ability to apply a growth factor

o Improved summary sheets

¢ Additional data entry option using tabular format
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2. Tool New Features Examples
2.1. New Data Entry Overview

One of the major changes in this new version is the additional data entry option. This
option allows users to enter data for all segments and intersections in a table format to
facilitate the data entry process.

Introduction

The following example intends to demonstrate what steps are required to run an analysis
using the new data entry option. This method is similar for all three modules (rural two-
lane, rural multilane, and urban and suburban arterials).

STEP 1: Select a predictive method for analysis. The rural two-lane roads module is
used in this example. The main menu user form will open.

The main interface still maintains the original multiple-step process to run the analysis. A
new purple button has been added and is labeled as Load Input Data from Table.

;

e e e e
L‘:‘:fir'f:‘rllg1 I'JI'L;thII::;aUi New Project Infpogfrﬁ‘t:ito n
Step 3 Step 4 Step 5
Segment Input Intersection Input Spi?{izﬁeet

AASH[O Exit HSM Tool

STEP 2: Select the Load Input Data from Table button to display the input data user
form.
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.
Rural Two-Lane, Two-Way Roads Analysis Input [ﬂ
—
Analysis Input :
Total Mumber of Segments : = :I
Total Number of Intersections : = :I
Study Period : From to |
Multivear Analysis
('“
('“

Analysis Method
Estimate Predicted Number of Crashes: -

Estimate Expected Number of Crashes: .

Return to Main

STEP 3: Input the information requested in the fields. Fields may vary with regards to
the analysis type chosen. More details regarding each of the analysis types are provided
in the examples included in Section 3.

The Total Number of Segments and the Total Number of Intersections should be a
number between 0 and 50. For Study Period, enter the period for which crash data is
available (for example, 2008 to 2012). The tool has been designed to handle a maximum
of 5 years.

Multiyear analyses can now be conducted using either a growth factor or entering AADT
for each analysis year. Multiyear analysis options will be enabled only when the
difference between study period years is greater than 1. If Apply Linear Traffic Growth
Factor (%) is selected, make sure to enter the respective value in percentage. If AADT
for each analysis year is available, select Enter AADT for Each Year by clicking on the
circle next to the text.

For this example, the study period is from 2008 to 2012. The analysis method selected is
Estimate Expected Number of Crashes with Empirical Bayes (EB) adjustment using
Observed Crash Data by Site Available. Details about the difference between the EB
methods can be found in the Highway Safety Manual, Appendix A, Section A.2.1 (pages
A-19 and A-20).

Once the user form is filled in, click Return to Main.
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Rural Two-Lane, Two-Way Roads Analysis Input

==x=)

Analysis Input :
Total Number of Segments :

Total Mumber of Intersections :

o
T

Fram | 2008

Study Period :

Multiyear Analysis
Apply Linear Traffic Growth Factor (%%)

Enter AADT for Each Year

Analysis Method
Estimate Predicted Number of Crashes:

Estimate Expected Number of Crashes:

Analysis Report

Observed Crash Data by Site Available:

Observed Crash Data for the Project A

to | 2012

vailable:

STEP 4: A warning message appears providing instructions on next steps as shown

below. Click OK to continue.

Microsoft Excel

STEP 5: The main interface closes, and two new
data are entered in these two tabs. The naming c

Enter input data in the corresponding tabs
After data is entered, click the Load Data Button.

tabs appear. Segment and intersection
onvention varies between different

modules. TLR is for the two-lane rural roads, MLR is for multilane rural roads, and
UrbArt is for Urban and Suburban Arterials. In this example, the TLR_3_Seg_Input and

TLR_5_Int_Input tabs are used for data entry. Th

e tabs are sequentially numbered, and

are displayed based on the type of analysis selected.

TLR_3 Seg_Input

TLRE_5 Int_Input

¥

Data must be input only in color-coded cells. Cells highlighted in yellow are hardcoded
values. Cells highlighted in blue are dropdown menus with pre-set options. If particular
data values are the same among all facilities, users can copy and paste, or drag values

PAGE 2-3



ENHANCED NCHRP 17-38 SPREADSHEET TOOL USERS MANUAL

among the different facility types. In the segment tab (TLR_3_Seg_Input), the top portion
(1) is where the project information is entered. This information is copied to the
calculation and summary sheets. Block 2 includes the list of all the variables required to
apply the predictive method. Block 3 contains the facility Base Conditions (see HSM
Chapter 10 for details). Each column represents one facility (4). In this case, there are
two columns for the two segments. The tool is designed to analyze up to 50 segments.

Block 5 is for the observed crash data. These rows are visible because the Estimate
Expected Number of Crashes analysis method was selected.

Block 6 is for the AADT data required to conduct a multiyear analysis. This is visible
because the Enter AADT for Each Year option was selected as part of the Multiyear
Analysis method (see Step 3).

Froject Description tafe Houte JBITHeconstruction
Analyst AEC

Agency or Company -, Consulting Inc

State L1) L

Diate Performed ~ [FREENH

Jurisdiction Diistrict 3

Analysis ear 2012

Fioadway =

(2) (3)—

I L

egment Mame Select Gegment] E Segment ] Seament 2
Hcaduay EIRFE] SH 2R
o adway Segment ErF ZE0-2T0MP 27028 4
Fegment Length [mi] 2 12
Ware width 1) [ [
Ahoulder width [fr) 3 3 3
Fhoulder type Faved Faved Faved
W=rigth of horizantal curve (mi) 20
B adiuz of curvature [Ft] 600
piral transition curve [prezentinot present] Mok Prezent Mot Present : Mot Present
uperelewation variance [fuft] 0.0z 0
rade 3] 2 2
rivetay denzity [drivewaysimile] 15 2
enterline rumble strips [presentinot present] Mot Present Mot Present § Mot Present
azging lanes [present [11ane] fpresent [2 lane] f nok present]] Mok Present Mot Present § Mot Present
wro-way left-turn lane [prezentinot present] ot Prezent Mot Present § Mot Present
Boadside hazard rating [1-7 scale] 3 4 4
egment lighting [presentinot present] Mot Prezent Mot Present : Mot Present
uto speed enforcement [presentnot present] ot Present Mot Present § Mot Present
f i bor 1

KABLC - Fatal and Injury Only Crashes. [observed crashesiyear]
PDO0 - Property Damage Only Crazhes. [obzerved crashesfyear]
EABCO - Total Crashes [crashesiyear]

MULTIYEAR ANALYSIS P

1 egment Mame KEJ Segment] | Seqment 2
ADT 2008 17,500 17,500
AOT 2009 17,700 17,700
ADT 2010 17,900 17,900
AOT 201 18,100 18,100
AOT 2012 13,200 13,200

Next »>» Print Input Info

Crash By Year

There are three buttons at the bottom of the page.
Next is used to go to the next tab.

Print Input Info is used to set the segment data input tab for printing using the Page
Break View.
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Crash by Year is an optional button only used for the Estimate Expected Number of
Crashes using Observed Crash Data by Site Available analysis method. This utility is
used only if the user wants to document the crashes by year by segment in the
spreadsheet. By clicking the button Crash by Year, additional rows at the bottom of the
page will be unhidden and crash data for each segment included in the analysis, by
severity levels for each study period year, can be entered. In addition, a new button
appears (Upload Number of Crashes by Year), which is used to populate the crash data
input in the main input table.

Next >>> Print Input Info

; Crash By Year

: Observed Crash Documentation

| Segment Name Segment 1! Segment 2
- |KABC Crashes 2008
i [KABC Crashes 2009
i |KABC Crashes 2010
" |KABC Crashes 2011
i KABC Crashes 2012

Segment Name Segment 1 : Segment 2
PDO Crashes 2008
! |PDO Crashes 2009
i |PDO Crashes 2010
- |PDO Crashes 2011
i |PDO Crashes 2012

Upload Number of Crashes By Year

STEP 6: Click “Next” to go to the intersections tab (TLR_5_Int_Input). Similar to the
segment tab, Block 1lis for the project information and Block 2 lists the variables required
to apply the predictive method. Block 3 lists the predictive method Base Conditions.
Block 4 is the data required for each intersection. Each column represents one facility.
Block 5 is for the observed crash data broken down by severity type. Block 6 is for the
AADT required to conduct a multiyear analysis. This option is visible only when the Enter
AADT for Each Year option is selected.
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i State Route 260 Beconstruction

Project Description | |
Analyst | =S
_Agency of Company “WConzulting Ine
State L1
Date Performed 12m2e20i2
Jurizdiction Diistrict 3
Analysis ear 2012
Fioadway SH 260
() 3
Il_ntersection Mame vy elect InBETE ection Intersection i :Intersection 2
Ficadway SF 260 SR 260
Pajor Road Mame SF 260 SR 260 @
Plinor Road Mame Golf Rd Loyola St
Interzection type (35T, 45T, 45G) 35T 45T
Interzection skew angle (degrees] [IF 45T, does skew differ for minor legs?] (YesiNo) Mo Mo fes
Skew for Leg 1 [AIN: 1] 1] 15

Skew for Leg 2 (45T onhf: 1] 1]
Furmber of signalized or uncontrolled approaches with aleft-turn lane (0,1,2, 3, 4) 1] 1]
Furmber of signalized or uncontrolled approaches with aright-turn lane (0,1, 2, 3, 4) 1] 1]
Interzection lighting (present!not present) Rlaot Prezent kot Present : Mot Present
Calibration Factor, C; 1.00

ABL - Fatal and Injury Only Crashes. [observed crashesiyear] E :
PD0 - Property Damage Only Crashes. [observed crashestyear] [ 5 12: B
ABCO - Total Crashes [crashestyear]

MULTIYEAR ANALYSIS ()
——— e
|Major Road \-E/ Intersection i :lntersection
AADT 2008 7,500 7.5
ALD E] 7,700 7.7
ALD 7,900 7.4
ALD 18.100 121
ALD 12,300 18,3
Minor Road Intersection 1 i Intersection 2
AAD0T 2008 7,000 350
AAD0T 2003 7100 3,56
AADT 2010 ¥,200 3E
AA0T 201 7,300 36l
AA0T 2012 7,400 3,700

Load Data Print Input Info

Crash By Year

STEP 7: Once all the data have been input and reviewed, the next step is to set up the
spreadsheets. Click on the LOAD DATA button to run the set-up procedure.

NOTE: There are two additional buttons at the bottom of the page.

Print Input Info is used to set the segment data input tab for printing using the Page
Break View.

Crash by Year is an optional button. This utility is used only if the user wants to
document the crashes by year and by segment in the spreadsheet. By clicking the
button Crash by Year, additional rows at the bottom of the page will be unhidden and
crash data for each segment included in the analysis, by severity levels for each study
period year, can be entered. In addition, a new button appears (Upload Number of
Crashes by Year) and is used to populate the crash data input in the main input table.
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STEP 8: After the process is done running, a new window appears providing instructions
about next steps. It indicates what tab contains the summary sheet, and how to move
forward with the analysis. From this point forward, the steps are the same either using
the original five-step process, or using the new Load Data option. Details about the five-
step process are provided in Chapter 3.

Microsoft Excel

Based on the selected options, the tool has set up calculation and summary
sheets.

Calculation tabs can be seen by clicking the"Show Calculations"Button in the
Main Menu - Qutput Tab.

For this analysis, results can be found under the TLR_7_Site EB Total tab
Close the Main Menu user form using the"x"located in the top right corner, and
proceed with reviewing the input data.

I you would like to go back to the Main menu, click on any of the
"Return to Main"buttons located under the instructions and summary tabs

PAGE 2-7



ENHANCED NCHRP 17-38 SPREADSHEET TOOL USERS MANUAL

2.2. Multiyear Analysis Applying Growth Factor

Another major change in the new version of the tool is the incorporation of a new method
for conducting the multiyear analysis by applying a traffic growth factor. Originally, if the
user wanted to conduct a multiyear analysis, AADT by year was a required data input.
Annual AADT data are not always available; therefore, application of a growth factor will
only require entering data for one year, and the tool will extrapolate the results of the
predictive method by applying the growth factor.

Introduction

The following example demonstrates the steps required to run a multiyear analysis by
applying a traffic growth factor. This method is similar for all three modules (rural two-
lane, rural multilane, and urban and suburban arterials). The multilane rural roads
predictive method is used in this example.

STEP 1: Once the user selects the predictive method for the analysis, the main menu
user form will open up as seen below.

—_ M
Rusral Muttilane Highways _ ——

=)\ linois Departmes
Input Data |Output Data |

Load trom Tatse
Load Input Data
from Table
iep 1 Saep 2 Seep 3
Project Dadied Segrment
Hew P = -
ik Infiormation Input
sten 4 E Stept
Undiidad Sstup
[ [
Segment Input Sbersection Input Spreadsheet
TR I
ExtheM Todl

STEP 2: Select the New Project button. The Multilane Rural Roads Analysis Input user
form will appear.

. g
Multilane Rural Roads Analysis Input
ultlane Rural Roads Analysis put |t

Analysis Input :

Total Number of Divided Segments : i =
Total Number of Undivided Segments : 2 j
Total Number of Intersections : 2 :‘
Study Period : From to

Multiyear Analysis
~

~

Analysis Method
Estimate Predicted Mumber of Crashes: o

Estimate Expectad Mumber of Crashes: o

Return to Main

STEP 3: Enter the required data. For this example, two divided segments, two undivided
segments, and four intersections will be included in the analysis. The study period is
from 2008 to 2012. For the multiyear analysis, Apply Linear Traffic Growth Factor (%) is
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selected, and a value of 2 is used. The analysis method for this example is the Expected
Number of Crashes using observed crash data at the project level. The total number of
crashes for the project per year is 16. Once all the data are entered, click on Return to

Main.

Study Period :

R s s e m =5
Analysis Input :
Total Mumber of Divided Segments : 2 jl
Total Mumber of Undivided Segments 2 il
Total Mumber of Intersections : + il

From | 2008 o | 2012

Multiyear Analysis
Apply Linear Traffic Growth Factor (3%) 2 =

Enter AADT for Each Year “

Analysis Method
Estimate Predicted Number of Crashes: C

Estimate Expected Number of Crashes: o

Analysis Report

Observed Crash Data by Site Available: o
Observed Crash Data for the Project Available: o
Project Crashes
Project Total Mumber of Crashes/Year: B

Return to Main

STEP 4: Press the Project Information button, and enter details about the project. Once
the form is filled up, press Return to Main to go back to the main menu.

N linois Departme
Input Data WOutput Data}

Load from Table

Load Input Data
from Table

Step 1 Step2 Step3
New Project i Project Divided Segment
i Information Input
Step ¢ Step§ Step &
Undivided Intersection Input Setup
Segment Input P Spreadshest

General Project Information
Project Description : ’W
Analyst : ABC

ooT

Agency/Company:

Date (mmjddjyyyy) : | 12/20/2012

Divided Segment Project Information

Roadway Section : MP 21.0

Undivided Segment Project Information

Roadway Secon: | MP 23.0

-

Exit HSM Tool

Multilane Rural Road Project Informatio

[SS=)

Roadway : SR 27

State : L

Jurisdiction : b1

Analysis Year : 2012

Intersection Project Information

Major Road : SR 27

Minor Road : Golf Rd

Return to Main

STEP 5: Depending on the Analysis Input, proceed to enter the data. Yellow cells are
hard coded values. Blue cells are dropdown menus with pre-set options. In this example,
all facility types are included (divided and undivided segments, and intersections); to
continue, click on the Divided Segment Input button. A new user form appears asking
the user to choose the data input method. Data can be input either using user forms or in
a table format. For this example, the Read Data from Table option is selected.
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Rural Multilane Hig| @

)\ :

partmen
Input Data | Output Data |

Load from Table
Load Input Data
from Table
Step 1 Step2 Step3.
New Project Project Divided Segment
Information Input
Step 4 Step5 Step 6 Input Divided Segment Data M
Undivided Setup I
Segment Input | "Mereection Input Spreadsheet I _
H Enter Data Manually Read Data from Table

=}

Exit HSM Tool

Once data entry is completed, press Return to Main.

Project Description Sample Corridor
Analyst ABC

Agency or Company IDOT
State 1L

Date Performed 12/20/2012
Jurisdiction D1
Analysis Year 2012
Roadway SR 27

Segment Name Select Segment Segment 1

Length of Segment, L (mi) 12

t AADT (veh/day) 15.000

Lane Width (f) 12 12

Shoulder Width (ft) 6 6

Shoulder Type - Right Shoulder for Divided Segment Paved Paved: Paved
Mot Present
Mot Present

Median Width (f)
i Segment Lighting (present/not present) Mot Present
Auto Speed Enforcement (present/not present) Not Present
Calibration Factor, Cr 1 1.00 1.00

; Print Input Info Return to Main

i Crash By Year

STEP 6: Repeat the same process for undivided segments (if applicable). Press the
button Undivided Segment Input, and complete the data entry. Click Return to Main to
go back to the main interface

Project Description Sample Corridor

Analyst ABC
Agency or Company IDOT
State 1L
Date Performed 12/20/2012
Jurisdiction D1
Analysis Year 2012
Roadway SR 27
-
Rural Mutizne Highways O ===
|
T spartmen Segment Name Select Segment Segment 1 Segment 2
! |Length of Segment, L (mi 0.7 1.2
Input Data \Output Data\ | |AADT (vehiday) 16,000 16,000
r - |Lane width (ft) 12 12 12
a2 i | Shoulder width (ft} 6 6 6
Load Input Data | [Shoulder type Paved Paved Paved
from Table " |Side Slopes 1:5 15 15
egment lighting (present/not present) Not Present Mot Present Mot Present
Step 1 Step2 Step3 | |Auto speed enforcement (present/not present) Not Present Not Present Mot Present
| |Calibration Factor, Cr 1 1.00 1.00
New Project Project Divided Segment
t Information Input I ;
Step 4 Step5 Step6 i
T Undiided ‘ Set up i Print Input Info Return to Main
il Intersection Input |
Segment Input Spreadshest K
H )
Exit HSM Tool | Crash By Year

STEP 7. Press the button Intersection Input, and complete the data entry. Click Return
to Main to go back to the main interface
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Frogect Descngtion | Comdar
Anabal e %’.
Agency o Company Dot

State

Dhals Pardumed P ]
Jursdiction m

Analysis Yo IF
Rosboiny

Input Data |0utput Data|

Lo#d rom Take et Name Stlect Intervection
Losd Input intorsection type (1ST_45T_I56]
from Table AADT. i)
AADT ey fehiday)

InBIsaztan skew angln [AAQIRRE]

Siep 1 Sup2 sup3 (Humbet of & 5123
) Tumber ol sgnakzod or uncsatraled sgproaches with a righttum fane (5. 1. 2. s_ ]
Maw Praject ‘ Project Dhided Segment ‘ intarsection ighting {pmsetingt prasent] ik Frmsant

Information Input Caleation Factor. G,

g 4
______ Satup
Sngmen‘ Inpul fntersaction Input | Spreadsheet

TEEERT I
30t HM Tool

STEP 8: Once all the data entry is completed, press the Set up Spreadsheet button.
This button will run the entire set-up process for the application of the predictive method.

Rura! Muitilane Highways

Input Data |0utput Data |

Load from Table
Load Input Data
from Table

Step 1 Step2 Step 3
New Project Project Divided Segment

Information Input

Step 4 Step 5 Step 6

Undnided Intersection Input

Segment Input pt | Spreadsheet

AASHD |

Exit HSM Tool

STEP 9: Once the process is finished running, a pop-up window will appear, providing
users with instructions on the next steps, and where to find results of the analysis. Click
OK to continue, and close the main menu interface to go to the summary sheet.

Rural Multilane Highways

Input Data |0utput Data |

Load from Table

Based on the selected options, the tool has set up calculation and summary Load Input Data
sheets. . . . from Table
Calculation tabs can be seen by clicking the"Show Calculations"Button in the
Main Menu - Output Tab.

Step 1 Step 2 Step 3
For this analysis, results can be found under the MLR_9_RuralMultiLn_Proj_EB_Tot New Prai Project Divided Segment
tab SIPERES Information Input
Close the Main Menu user form using the"x"located in the top right corner, and
proceed with reviewing the input data. Step 4 Steps Steps
I you would like to go back to the Main menu, click on any of the Undivided Intersection Input Setup
"Return to Main"buttons located under the instructions and summary tabs Segment Input P Spreadsheet

AASH[O
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STEP 10: Results can be found in Tabs MLR_9 RuralMultiLn_Proj EB Tot and
MLR_105_ProjEB_EXSum_GF.

1 _Start | MLR_105_ProjEB_ExSum_GF MLR_9_RuralMultiLn_Proj_EB_Tot

Multilane Rural Roads Executive Summary Sheet
Worksheet 104 -- Predicted and Observed Crashes by Severity and Site Type Using the Project-Level EB Method. Multiyear Analysis applying a Growth Factor
Anayst ABC Roagway SR 27 Eeka s Haxi |
Agency or Company  IDOT Jurisdiction [sh]

Date Performed 1212012012 Analysis Year 2012 Hide Unused
Project Description  Sample Corridor Fove

Project Components Potential for Potential for Potential for

average crash | average crash average crash | average crash average crash | average crash

Improvement Improvement Improvement

Total Crashes Per Year (KABCO) Total Crashes Per Year (KABC) Total Crashes Per Year (PDO)
Predicted Expected Predicted Expected Predicted Expected Unhide Al Rows

) frequency frequency frequency frequency frequency frequency
|| (Growih Factor=2%) | N N (Psiy e i pee—— {Psl) [ M posioaten (PSI) |
| PROJECT SUMMARY
3 2008 69.7 49.4 0.0 378 26.7 0.0 320 226 0.0
[ 2009 711 50.4 0.0 385 27.3 0.0 328 231 0.0
3 2010 725 514 0.0 393 278 00 333 238 0.0
i 2011 74.0 524 0.0 401 284 0.0 33.9 240 0.0
E 2012 755 535 0.0 409 289 0.0 3456 245 0.0
3
1
]
[ Predicted and Observed Crashes by Severity Using the Project-Level EB
; Method. Multiyear Analysis applying a Growth Factor
I KABC PDO
3 50 | 50
L a0 | 40
3 30 | SENNNN  S— 30
1
i 20 | —] — ey T
; 10 | - 10
3
; 0 |_ || | [ ] o T — — —
I 2008 2008 2010 2011 2012 003 2000 201 2012
3 M Predicted average crash frequency @ Expected average crash frequency
i
v
H
1
]
|
4 » M| 1 Start | MLR_105_ProjEB_ExSum_GF MLR_4.1_Div_Seg_Input MLR_4.2_Und_Seg_Input MLR_4_Seg Tables MLR_6.1_Int_Input MLR_6_Int Tables [/l
Multilane Rural Roads Summary Sheet et
Worksheet 54 - Predicted and Observed Crashes by Severity and Site Tape Using the Project Level EB Methad .
Enalyst FEC Finadway G
Agency of Company IDOT Jurisdicion D1 P —
Duate Performed 12tzor20i2 AnalysisVear 2012 Rows
Project Description Sample Corridor
0] [ ®m [ W 15) ) 4] 18] 8] [i] ] 1) 1) ummoe AiRoss
Predicted average crash frequency Dbserved
Site b [crashesiyear) erashes. |Owverdispersion N Na il My L2l My | I
ite tape
" [T [ —— [T 1 —— Parameter. k| Equation £i-8 | Equation 4-9 | Equation | Equation | Equation | Equation | Equation
(TOTAL) (Fll (POO) | [erashestyear] (EriZF squ[EI(2) | A0 adt A2 A-13 A
ROADWAY SEGMENTS DI¥IDED
Segment 1 [Divided] I 1794 - 306 735
Year 1 1 LBl 1754 [iXEd 505 733
Segment 2 [Divided] 3 LI RED 447 757
ear 1 B RED - 0265 T 75T
ROADWAY SEGMENTS UNDIYIDED
Seament 1 (Undvided] 4308 450 25 - 557 17
Year 1 4508 454 25 - 0,265 357 (R
i| [ Segment [Undwided] T S 12579 - 16556 .75
ear 1 HEH £ [ - [TE] R .7
INTERSECTIONS
Intersection | Xl TG ExE) - 2771
ear 1 X 1.5 ) - 045D 771
Intersention & 7 041 757 - ¥
: 7 041 757 [
| Intersection 3 14 543 7 7 -
3 Weart 14549 7 i - 0277 7
k] Intersection 4 4.381 415 96| - 9481 1471
I Vear 1 4380 415 36 - 0454 9480 471 - - - -
COMBIMED [sum of colimn 8722 76D 1962 & =~ FER] EE] 0,366 T 0BT 5101
i
Worksheet 4B -- Project-Level EB Method Summary Hesults
h
: il [E] ]
|| [Crash severity level eectiates [—
5 Toral (2eons From Workshest 54 [13cons from Workshest 4
i LEES
+|  [Fatal and injury [F1) (3curs From Worksheet 5 [Braran” (210 2] vorme
H 26T
3| TFropentydamage only (FOO) (8)cums from Worksheet 52 (lroras” Rlees ! 2] rova
j 226

STEP 11: To print, export, make changes, or view the detailed calculations, return to
the summary sheet tabs, and use the Return to Main button located in the top right
corner.
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| Rural Multilane Highways

Step 1

Mew Project

Load from Table

Load Input Data
from Table

Step 2

Project
Information

Step 3

Divided Segment
Input

Step 4

Undivided
Segment Input

Step 5

Intersection Input

Step 6

Set up
Spreadshest

TAAEH[O

Exit HSM Tool |

Once in the main menu, go to the Output Data tab to access the different utilities
included in the tool.

Show Detailed Show

Analysis Calculations Print Preview

Edit/Change

Ecpoiies Analysis

Exit HSM Tool |

More details about the different utilities included in the Output Data tab will be provided
in section 4.
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3. Tool Application of the Predictive Methods
3.1. Rural Two-Lane, Two-Way Roads
Introduction

The Highway Safety Manual (Chapter 10) provides a methodology for estimating the
predicted average crash frequency, crash severity, and collision types for rural two-lane,
two-way facilities. This chapter is applicable to facilities with two-lane and two-way traffic
operations that do not have access control or are outside of cities with a population less
than 5,000 people. More details about the applicability of this module can be found in the
HSM Section 10.3.

This example illustrates how to apply the Rural Two-Lane, Two-Way Roads predictive
method using the IEST tool.

STEP 1. The screen capture below shows the opening page of the IEST tool. Press the
Rural Two-Lane, Two-Way Roads button to begin with the analysis.

gRuraI Two-Lane, Two-Way Roads

HIGHWAY
SAFETY
MANUAL

1st Edition
Vokwre | & 201

Rural Multilane Highways

'3 52 Urban and Suburban Arterials
¥

HSM

Help
EASHD

STEP 2: A new window opens and shows the main menu interface. The main menu is
comprised of two main tabs: Input Data and Output Data. The Input Data tab opens by
default when starting the tool. The output tab contains a series of utilities including print
preview, export, among others. More details about the output tab utilities are provided in
section 4.

N
Rural Two-Lane Two-Way Ms‘i S|

1 \

- Input Data | Qutput Data

Load from Table Step 1 Step 2

Load Input Data
from Table

Project
Information

Hew Project |

Step 3 Step 4 Step 5

Set up

Segment Input Intersection Input Spreadsheet

AASH[O Exit H5M Tool

There are a total of six buttons on the Input Data tab.
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Users now have the ability to run the analysis using two methods. The first one is using
the button Load Input Data from Table (described in Section 2.1), and the second one
is following steps 1 through 5 (Five Step Process). Both methods produce the same
results, but the first one is an abbreviation of the second method. Section 2.1 includes
an example using the Load Data from Table process.

For illustrative purposes, this example will be conducted using the Tool’s Five Step
Process.

STEP 3: Select the button labeled New Project. The Analysis Input user form will
appear.

[ Rural Two-Lane Two-Way Roads Analysis Input ﬁ1
Analysis Input :
Total Number of Segments : 2 i‘
Total Mumber of Intersections : 2 i‘
Study Period : From to |

Multiyear Analysis

~
~

Analysis Method
Estimate Predicted Number of Crashes: .
Estimate Expected Mumber of Crashes: i

[

- Input Data | Output Data |

Load from Table Step 1 Step2

Load Input Data
from Table

Project

ElEE Information

Step3 Step4 Steps

Set up

Segment Input Intersection Input Spreadsheet

RasHo Exit HSM Tool I

STEP 4. Input the information requested in the fields. The Total Number of Segments
and the Total Number of Intersections should be a number between 0 and 50. For
Study Period, enter the period for which crash data is available (for example, 2008 to
2012). The tool has been designed to handle a maximum of 5 years.

Multiyear analyses can now be conducted using either a growth factor or entering AADT
for each analysis year. An example with the application of growth factor is provided in
Section 2.2. Multiyear analysis options will be enabled only when the difference between
study period years is greater than 1. If Apply Linear Traffic Growth Factor (%) is
selected, make sure to enter the respective value in percentage. If AADT for each
analysis year is available, select Enter AADT for Each Year by clicking on the circle
next to the text.
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Analysis Method: If observed crash data is not available, select Estimate Predicted
Number of Crashes by clicking on the circle next to the text. If observed crash data is
available, select Estimate Expected Number of Crashes by clicking on the circle next
to the text.

The expected crash frequency is obtained by applying the Empirical Bayes Method. This
method combines the predicted average crash frequency with the observed crash data
to provide a more reliable estimate. Selecting the Estimate Expected Number of
Crashes option will enable the Analysis Report frame. There are two methods to apply
the Empirical Bayes adjustment using observed crash data. The Observed Crash Data
by Site Available option is used when available crash data is disaggregated by site
(segments and/or intersections), and the Observed Crash Data for the Project
Available option is used when observed crash data is only available at
aggregated/project level across the all the sites. Refer to HSM Section A.2.4 and A.2.5
(Pages A-19 and A-20) for additional details on the different EB methods.

This analysis includes 2 segments and 2 intersections. The study period is from 2008 to
2012. The multiyear analysis will be conducted using AADT for each year. Estimate
Expected Number of Crashes using Observed Crash Data by Site is the selected
analysis method.

r 5
Rural Two-Lane, Two-Way Roads Analysis Input @
Analysis Input :
Total Number of Segments 2 :I
Total Number of Intersections 2 :I
Study Period : From | 2008 to | 2012
N
Multiyear Analysis
Apply Linear Traffic Growth Factor (%%) lﬁ
Enter AADT for Each Year *
Analysis Method
Estimate Predicted Number of Crashes: - |
Estimate Expected Number of Crashes: (*
Analysis Repart

Observed Crash Data by Site Available: o L

Observed Crash Data for the Project Available: lﬁ I

Return to Main

When complete click on the Return to Main button to return to the main input window.

STEP 5: On the main menu, select the button labeled Project Information.
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r o -
s ] e —
@ il isD t t d ¥ t | i General Project Information
Project Desaription : Roadway : I
= Input Data |Output Datal
Analyst : State : I
Load from Table Step 1 Step2 Agency/Company: Jurisdiction : I
Load Input Data ; T Project — —
Date (mmjdd, g Analysis Year :
from Table BevboEs Information o) v
— Segment Project Information ————————————————— Intersection Project Information —————————
Step 3 Step 4 Step 5
Setup Roadway Section : Major Road : I
Segment Input Intersection Input Spraadshest
Minor Road : I

Fasro Exit HSM Tool Retun ta Main

STEP 6: Complete the information requested in the General Project Information input
window. For Segments Project Information field, enter either a reference milepost or
Key Route or Marked Route, or the reference milepost. Key Route refers to the lllinois
Roadway Information System (IRIS) terminology and it is a universal identifier for any
segment. Marked Route refers to the Division of Traffic Safety route inventory. The key
route information is not necessary for intersections, but all information provided will
assist in tracking projects. For Intersection Project Information, enter a description for
Major Road and Minor Road (for example, SR 27 and Cicero St, respectively). When
all fields have been completed, click on Return to Main.

— General Project Information

Project Description ; Pite Route 27 Reconstruction Roadway : | sno7

Analyst : I ABC State : I L

Agency/Company: | Consulting Inc Jurisdiction : | District 3

Date {mm/dd/yyyy) : I 12/20{2012 Analysis Year : I 2012

— Segment Project Information Intersection Project Information

Roadway Section : I MP 21.0 Major Road I SR27

Minor Road : | Cicero 5t

Return to Main

STEP 7: Select the button labeled Segment Input.
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- Input Data |Output Data |

Load from Table Step 1 Step 2

Load Input Data New Proiect Project
from Table . Information

Step 3 Step 4 Step 5

Segment Input Intersection Input SR
i Spreadsheet

Exit HSM Tool

GOTE: Depending on the analysis input data entered, there are instances when an additional user \
form appears asking about the data entry method.

IInput Segment Datix @

Enter Data Manually Read Data from Table

Enter Data Manually: Data entry is performed one facility at a time using a user form.
Qead Data from Table: Data entry is performed for all facilities using a table (worksheet) /

The main interface closes, and two new tabs appear. Segment and intersection data are
entered in these two tabs. The naming convention varies between different modules.
TLR is for two-lane rural roads, MLR is for multilane rural roads, and UrbArt is for Urban
and Suburban Arterials. For this example the TLR_3 Seg_Input and TLR_5_Int_Input
tabs are used for data entry. The tabs are sequentially numbered, and are displayed
based on the type of analysis selected.

M| 1 Start | TLR_3 Seqg Input TLRE_5 Int_Input

STEP 8: Enter data in the color-coded cells. Cells highlighted in yellow are hardcoded
values. Cells highlighted in blue are dropdown menus with pre-set options. If particular
data values are the same among all facilities, users can copy and paste, or drag values
among the different facility types. Table 1 provides details of the different variables
needed to run the predictive method for segments.

Table 1
Rural Two Lane Segment Data Needs
Variable Name Data Description
Segment name Name of the roadway segment. Up to 50 segments
Length of Segment Miles
AADT AADT for roadway segment

PAGE 3-5



ENHANCED NCHRP 17-38 SPREADSHEET TOOL USERS MANUAL

Variable Name

Data Description

Lane width Feet

Shoulder width Feet

Shoulder type Paved, gravel, composite or turf
Length of horizontal curve | Miles

Radius of curvature Feet

Spiral transition curve Present or not present
Superelevation variance Feet/feet

Grade Percent

Driveway density

Driveways/mile

Centerline rumble strips

Present or not present

Passing lanes

Present (1 lane), present (2 lane) or not present

Two-Way Left-Turn lane

Present or not present

Roadside hazard rating

1-7 scale with 1 the safest and 7 the most
dangerous

Segment lighting

Present or not present

Auto speed enforcement

Present or not present

Calibration factor

Derived from calibration process

~ u w u

Project Description State Route 27 Reconstruction

Analyst ABC

Agency or Company Consulting Inc

State I

Date Performed 1220202

Jurisdiction District 3

Analysis Year 2012

Roadway 2
) —
| |Segment Name Select Segment St t 1 z
! |Roadway SR 27 SR 27
} |Roadway Segment MP 21.0 MP 23.0
t |Segment Length (mi} 1.2 0.8
i |Lane width (ft) 12 12
T | Shoulder width (ft) [i] 1] -]
3 | Shoulder type Paved Paved Paved
3 |Length of horizontal curve (mi}
} |Radius of curvature (ft)
| | Spiral transition curve (present/not present) Not Present Mot Present ;: Not Present
! |Superelevation variance (ft/ft)
i |Grade (%) 2 2
! |Driveway density (driveways/mile) 2 1
3 |Centerling rumble strips (present/not present) Not Present Mot Present ; Not Present
i | Passing lanes [present (1 lane) /present (2 lane) f not present}] Mot Present Mot Present : Not Present
T | Two-way lefi-turn lane (present/not present) Not Present Mot Present ;| Not Present
i Roadside hazard rating (1-7 scale) 3 5 5
3 |Segment lighting (present/not present) Not Present Mot Present ;| Not Present
1 |Auto speed enforcement (present/not present) Not Present Mot Present | Not Present
| |Calibration Factor Cr 1 1.20 1.20
! |KABC - Fatal and Injury Onby Crashes. (observed crashes/year) 2 1
3 |PDO - Property Damage Only Crashes. (observed crashes/year) 8 12
! [KABCO - Total Crashes (crashes/year) —
: MULTIYEAR ANALYSIS
T |Segment Name 1 2
1 | AADT 2008 17,500 17,500
3 | AADT 2009 17,850 17,850
1 AADT 2010 18,250 18,250
| [AADT 2011 18,650 18,650
T AADT 2012 15,050 18,050
]
i

Print Input Info Return to Main
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There are three buttons at the bottom of the page.
Return to Main is used to go to the Main Menu.

Print Input Info is used to set the segment data input tab for printing using the Page
Break View.

Crash by Year is an optional button only used for the Estimate Expected Number of
Crashes using Observed Crash Data by Site Available analysis method. This utility is
used only if the user wants to document the crashes by year by segment in the
spreadsheet. By clicking the button Crash by Year, additional rows at the bottom of the
page will be unhidden and crash data for each segment included in the analysis, by
severity levels for each study period year, can be entered. In addition, a new button
appears (Upload Number of Crashes by Year), which is used to populate the crash data

input in the main input table.
Crash By Year

Observed Crash Documentation

Segment Name Segment 1
KABC Crashes 2001
KABC Crashes 2002
KABC Crashes 2003
KABC Crashes 2008
KABC Crashes 2009

Segment Name Segment 1

PDO Crashes 2001
PDO Crashes 2002
PDO Crashes 2003
PDO Crashes 2008
PDO Crashes 2009

Upload Number of Crashes By Year

After entering the data in the worksheet for both segments, click Return to Main.

STEP 9: Select the button labeled Intersection Input.

Rural Two-Lane Two-Way Roads [&J

- Input Data |Output Data |

Load from Table Step 1 Step 2

Load Input Data
from Table

Project

s BIEL Information

Step 3 Step 5

Set up

Segment Input Spreadsheet

Exit HSM Tool
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STEP 10: Enter data in the color-coded cells. Cells highlighted in yellow are hardcoded
values. Cells highlighted in blue are dropdown menus with pre-set options. If particular
data values are the same among all facilities, users can copy and paste, or drag values
among the different facility types. Table 2 provides details of the different variables
needed to run the predictive method for intersections.

Table 2
Rural Two Lane Intersections Data Needs

Variable Name

Data Description

Intersection name

Intersection Name. Up to 50
intersections

Intersection type

3ST, 4ST, 4SG

AADT major AADT for major roadway segment
AADT minor AADT for minor roadway segment
Intersection skew angle Degrees
If 4ST, does skew differ from minor legs? Yes or No

Skew angle for leg 1 Degrees

Skew angle for leg 2 (4ST Only) Degrees

Signalized/Uncontrolled approaches with left
turn lane

Between 0 to 4

Signalized/Uncontrolled approaches with right
turn lane

Between 0 to 4

Intersection lighting

Present or not present

Calibration factor

Derived from calibration process

PAGE 3-8



ENHANCED NCHRP 17-38 SPREADSHEET TOOL USERS MANUAL

Project Description State Route 27 Reconstruction
Anahyst ABC

Agency or Company Consulting Inc

State 1L

Date Performed 122002012

Jurisdiction District 3

Anahysis Year 22

Roadway 8

Intersection Name Select Intersection Intersection 1 :Intersection 2
Roadway SR 27 SR 27
WMajor Road Name SR27 SR27
Winor Reoad Mame Cicero 5t Golf Rd
Intersection type (35T, 45T, 43G) 45T 35T
Intersection gkew angle (degrees) [If 45T, does skew differ for miner legs?] (YesiNo) No No No
Skew for Leg 1 (All}: 0 1] 1]

Skew for Leg 2 (45T only): 0 0 1]
Number of signalized or uncentrolled approaches with a left-turn lane (0,1, 2, 3, 4) 0 o o
Number of signalized or uncentrolled approaches with a right-furn lane (0,1, 2 3, 4) 0 o o
Intersection lighting (present/not present) Not Present Mot Present MNot Present
Calibration Facter, C. 1.00 1.15 1.15
KABC - Fatal and Injury Only Crashes. (observed crashes/year) 1 1]
PDO - Property Damage Only Crashes. (ocbserved crashes/year) 5 o
KABCO - Total Crashes Ecrasheﬂear} _
MULTIYEAR ANALYSIS
WMajor Read Intersection 1 :Intersection 2
AADT 2008 17,500 17,500
AADT 2008 17,850 17,850
AADT 2010 18,250 18,250
AADT 2011 18,650 18,650
AADT 2012 19,050 19,050
Minor Road Intersection 1 :Intersection 2
AADT 2008 3,500 1,800
AADT 2009 3,600 1,850
AADT 2010 3,700 1,900
AADT 2011 3,800 1,950
AADT 2012 3,900 2,000

Print Input Info Return to Main

Crash By Year

There are three buttons at the bottom of the page.
Return to Main is used to go to the Main Menu.

Print Input Info is used to set the segment data input tab for printing using the Page

Break View.

Crash by Year is an optional button only used for the Estimate Expected Number of
Crashes using Observed Crash Data by Site Available analysis method. This utility is
used only if the user wants to document the crashes by year by segment in the

spreadsheet.

After entering the data in the worksheet for both intersections, click Return to Main.
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— T—
Rural Two-Lane, Two-Way Roads

llinois Department of Transportation

- Input Data |Output Data |

Load from Table Step 1 Step 2

Load Input Data
from Table

Project

e B Information

Step 3 Step 4

Segment Input Intersection Input

Spreadshest

AASH[O Exit HSM Tool |

STEP 11: The last step in the process is to run the Set up Spreadsheet procedure.
After the process is done running, a new window appears providing instructions about
next steps. It indicates what tab contains the summary sheet, and how to move forward
with the analysis. Click OK, and the main menu interface appears.

Based on the selected options, the tool has set up calculation and summary
sheets.

Calculation tabs can be seen by clicking the"Show Calculations"Button in the
Main Menu - Qutput Tab.

For this analysis, results can be found under the TLR_7_Site EB Total tab

Close the Main Menu user form using the"x"located in the top right corner, and
proceed with reviewing the input data.

If you would like to go back to the Main menu, click on any of the
"Return to Main"buttons located under the instructions and summary tabs

Close the Rural Two-Lane, Two-Way Roads main menu by clicking on the “X” located in
the top right corner of the user form.
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llinois Department of Transportation
- Input Data |Output Data |

Load from Table

Load Input Data
from Table

Step 1

MNew Project

Step 2

Project
Information

Step 3

Segment Input

Step 4

Intersection Input

Spreadsheet

AASH|O

Exit HSM Tool |

STEP 12: After closing the main menu, the predictive method summary is available,
along with other tabs containing back up calculations.

I
@[ 1 start .~ TLR_3_Seg Tables .~ TLR_3_Seg Input .~ TLR 5 Int Tables .~ TLR 5 Int_Input - TLR 7 Site EB Total | TLR_91_SiteEB_ExSum

For this example, the summary sheet is located in tab TLR_91 SiteEB_ExSum.
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Two Lane Rural Roads Ezecutive Summary Sheet
Worksheet 6A -- Predicted and Ezpected Crashes by Severity and Site Type Using the Site-5pecific EB Method

Analyst

ABC

Roaduway

SRa7

Agencyor Company  Consulting Inc

durisdiction

Dliskrict 3

Date Performed

12ez0fz2mz

Analysis Year

20z

Froject Description

State Foute 27 Reconstruction

Total Crashes Per Year

operty Damage Only Crashes Per Year [PD

Fatal and Injury Crashes Per Year [FI]
SM

Praject Fredicted Ezpected H5M Predicted Ezpected H: Fredicted Ezpected H5M
Components average average Fotential for average average Potential For average average Fotential for
erash erash Improvement crash crash Improvement erash erash Improvement
Moeosagveval oo yverar] [HSM PSI) (HEM PSI) : [HSM PSI)
Segment 1 2.0 9.8 H 17 H 0.E H 6.5 E.E H 12
Seament 2 5.4 121 ] ] 36 a7 45
Intersection 1 14 E.4 00 5.1 28 0o B2 36 00
Intersection 2 5.6 6.3 13 23 23 0.5 33 4.0 07
COMEBINED 310 52 43 s 127 03 9z 26 34
Isum of columnl
—
N oviiatea N.... 12 HSM PSI
Crash Severity Level Predicted average crash Expected average crash HSM Potential For
Freq y [crashesd Freq § [crashesiyr) Impr: [crashesiyr)
F atal and Injury [F1] 3o a2 43
Property Damage Only (POO) 19.2 226 a4
Total 1.5 12.7 0.3

The user can navigate through the other tabs to make changes if needed. The predictive

Predicted and Expected Crashes by Severity Using the Site-
Specific EB Method

HSM PSI

Fatal and
Injury {FI}

Property Damage

Fatal and Injury {Fl} Gty 1PDE] Tatal
W Pradicted avarage crash frequancy (crashes/yr] 310 352 a3
W Expectad average crash frequancy |crashes/yr) 192 225 34
W HEM Potantial for Impravament [srashas,fyr| 113 127 L]

method calculations for each facility type are available and can be displayed using the
utilities in the Output Tab in the main menu. Section 4 of this guide provides additional
information regarding the different utilities available for all three modules.

Tab TLR_7_SiteEB_Total, contains the predicted, expected, and observed crashes for
all facilities included in the analysis.
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Two Lane Rural Roads Summary Sheet

Morksheet 4A —— Predicted and Observed Crashes by Severity and Site Type Using the Site-Specific EB Method

Analyst AEBC Roadway SRa7
Agencyar Company  Consulting Inc Jurisdiction District 3
Date Perfarmed 12202012 Analysis'ear 2mz
Project Description State Route 27 Beconstruction
[y} i [ (3 [ (] (51 [L=]] (v (8
Weighted Expected
Predicted average crash frequency Observed adjustment, auelaﬁe
. [crashesiyear] crashes, Dverdispersio "] cras
Site type N p k frequency,
sbrorued A " | Equation &-5 | Equatian A-4
Ny dioned Meredicned Mo dicned [crashestyear] Ez; PartC from Part
(TATAL) Fn IPDO) Appendi: Appendis:
ROADWAY SEGMENTS
Segment 1 G.023 2577 5.452 1] 0.137 0.112 3.8
‘rear ] T.6352 2470 5,225 1] 0.137
‘ear 2 T.543 2520 5.328 a 0.137
‘ear 3 5.025 2576 5.443 a 0.137
‘eard g.20 2632 5.568 a 0.137
‘ear5 8377 2683 5.6585 10 0.137
Seqment 2 5.353 1718 3.635 13 0.235 0112 121
‘ear 1 5.130 1647 3.483 13 0.235
Year 2 5.233 16380 3.553 13 0.235
“ear 3 5.350 1717 3633 13 0.235
Yeard 5.467 1755 3Tz 13 0.235
‘t'ear 5 5.554 1733 3.732 13 0.235
INTERSECTIONS
Intersection 1 .33z 5.143 6.783 5} 0.240 0.065 E.4
‘ear 1 .24z 4.845 6.337 5} 0.240
Year2 1.573 4.985 6.585 5} 0.240
“ear 3 1.926 5.140 6.786 5} 0.240
Yeard 12.2580 5.293 6.935 5} 0.240
‘ear 12.636 5.446 7.130 5} 0.240
Intersection 2 5.647 2343 3.303 I 0.540 0.062 6.3
‘ear 1 5.317 2206 3110 7 0.540
‘ear 2 5,473 221 3.202 T 0.540
‘reard 5643 2342 3.3M T 0.540
‘reard 5.514 2413 3.4M T 0.540
‘ear 5.5357 2,484 3.502 T 0.540
COMBINED [sum of column) 30.961 1.782 13.173 36 - -- 35.223 |
Yorksheet 4B —— Site-Specific EB Method Summary Results
[\l b4 (31
Crash severity level My redictad |\
Tatal [ZICOME from 'Worksheet 44 [BICOME fram 'worksheet 44
30.961 35.2
Fatal and Injury (F1) [SICOME fram ‘Warksheat 48 ] PR 1 PO ey g
n.7e2 13.4
Property Damage Only (FOC) [dICOME from 'Worksheet 44 [Slroras " 12)ppo ! (2] roraL
13173 215

There are three buttons on the top right side of the summaries that can be used to return
to the main menu, and to hide and unhide unused rows.

Return fo Main

Hide Unused
Fows

Unhide Al Rows

Worksheets (tabs) TLR_3_Seg_Input and TLR_5_Int_Input contain the input data used

in this analysis.
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Note: Worksheets TLR_3 Seg_Tables and TLR_5_Int_Input contain the HSM predictive
method supporting tables. IDOT has developed state-specific values for all these
different distributions. So there is no need to use the HSM default values.

However, the IEST tool is flexible enough to allow modifications to such tables. Input
data required from the user but restricted to Yes and No options are provided in the pull-
down boxes (Blue cells). Orange cells contain the locally-derived data as shown in the
figure below.

Tables Affiliated with Crash Statistics:

Table 10-3: Distribution for Crash Severity Level on Rural Two-Lane Two-Way Roadway Segments plus Locally-Derived Values

Crash severity level Percentage of total roadway segment crashes
Locally-Derived Values? No HSM-Provided Values Locally-Derived Values

Fatal 1.3

Incapacitating Injury 5.4

Nonincapacitating Injury 10.9

Possible Injury 145

Total Fatal Plus Injury 321 .0

Property Damage Onby 67.9 100.0

TOTAL 100.0 100.0

Hate: HEM-provided arash severity data based on HEIS data for Washingtan (2002-2008)

Table 104: Default Distribution by Collision Type fof Specific Crash Severity Levels on Rural Two-Lane Two-Viay Roadway Segments plus Locally-Derived

Values
Percentage of total roadway segment crazshes by crash severity level
HSM-Provided Values Locally-Derived Values
Collision type Total fatal Property TOTAL (all severity levels Total fatal Property TOTAL (all severity levels
Locally-Derived Values? No and injury damage only combined) and injury damage only combined)
SINGLE-VEHICLE CRASHES
Collision with animal 38 184 121 40 17.0
Collision with bicycle 04 01 0z
Collision with pedestrian o7 01 03
Overturned 37 15 25
Ran off road 545 505 52.1 70.0
Other single-vehicle crash 07 29 21
Total single-vehicle crashes 63.8 735 69.3 4.0 17.0 70.0
MULTIPLE-VEHICLE CRASHES
Angle collision 10.0 7.2 85
Head-on coliision 34 0.3 16 20
Rear-end collision 16.4 122 14.2
Sideswipe collision 38 38 37 6.0
Other multiple-vehicle collision 26 3.0 27
Total multiple-vehicle crashes 36.2 265 0.7 0.0 0.0 8.0
TOTAL CRASHES 100.0 100.0 100.0 4.0 17.0 100.0
Moate: HSM-provided values based on crash data Far Washington [2002-2008); ineludes approximately 70 percent opposite-direction sideswipe and 30 percent same-direction sideswipe callisions.
Table 10-12: Nighttime Crash Proportions for Unlighted Roadway Segments plus Locally-Derived Values
HSM Default Values Locally Derived Values
Roadway Locally-Derived Values? Mo ) o
Type Proportion of total I.'thﬂll'l"le crashes by . . Proportion of total I.'thﬂll'l"le crashes by | Proportion of cr§shes that occur at
severity level Proportion of crashes that occur at night severity level night
Fataland Injury p,,, | PDO pg, Pa Fatal and Injury p.,, | PDO pg Par
2u 0.382 | 0818 0.370 I

Mote: HSM-provided values based on HSI'S data for Washington [2002-2008]

STEP 13: To print the summary, export data, or make changes, click on the Return to
Main button on the top right side of the summary tabs. This will prompt the main menu.
Click on the Output Data tab.

PAGE 3-14



ENHANCED NCHRP 17-38 SPREADSHEET TOOL USERS MANUAL

- Input Data Output Data |

i

{ Show Detailed
i Analysis

Show
Calculations

Print Preview

Export Data

Edit/Change
Analysis

ALASH|D

Exit HSM Tool |

Show Detailed Analysis: Displays the background summary calculations

Show Calculations: Displays the predictive method calculations (tabs) for each facility

included in the analysis.

Print Preview: Prepares the summary sheet for printing.

Export Data: Creates a copy of the spreadsheet.

Edit/Change Analysis: Allows users to make changes, including adding facilities,
changing values, and re-running the set-up process.

Help: Provides a hyperlink to the IEST Tool User’s Manual posted on IDOT website.

More details about these utilities are provided in section 4.
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3.2. Rural Multilane Highways
Introduction

The Highway Safety Manual (Chapter 11) provides a methodology for estimating the
predicted average crash frequency, crash severity, and collision types for rural multilane
highways. This chapter is applicable to all multilane highways without full access control
that are outside urban areas with a population less than 5,000 people. More details
about the applicability of this module can be found in the HSM Section 11.3.

This example illustrates how to apply the Rural Multilane Highways predictive method
using the IEST tool.

STEP 1: The screen capture below shows the opening page of the IEST tool. Press the
Rural Multilane Highways button to begin with the analysis.

Rural Two-Lane, Two-Way Roads

HIGHWAY
SAFETY

MANUAL v Rural Multilane Highways
15t Edition

Urban and Suburban Arterials

Help

STEP 2: A new window opens and shows the main menu interface. The main menu is
comprised of two main tabs: Input Data and Output Data. The Input Data tab opens by
default when starting the tool. The output tab contains a series of utilities including print
preview, export, among others. More details about the output tab utilities are provided in
section 4.
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In the Input Data tab, there are a total of seven buttons, which are used to run the

analyses.

Rural Multilane Highways

lllinois D

1 Y o =
Input Data | Qutput Data |

Load from Table

Load Input Data
from Table

Undivided
Segment Input

Step 1 Step 2 Step3
New Project Project Divided Segment

Information Input

Step 4 Step 5 Step

Set up

Intersection Input Spreadsheet

EASHD

| : ExitHSM Tool

This new version of the tool includes two methods to run the analysis. The first one is
using the button Load Input Data from Table, and the second one is following steps 1
through 6. This example will be conducted using the six steps.

STEP 3: Start by pressing the New Project button to display the Analysis Input form.

Ruaral Multilane
a/ | linois Departmes
Input Data |Output Data |
Load Srom Tabse
Load Input Data |
from Table
Step 1 Saep 2 Step 3
—— T
e Prosect Infarrnation ‘ Tnput
g 4 ee s Step &
Undiided Sstup
Segmentingut |  IPiTRRCtion Input Spreadsheet
xR I
ot M Todl

~
Multilane Rural Roads Analysis Input ' M

Analysis Input :

Total Mumber of Divided Segments : I 2 j
Total Mumber of Undivided Segments : I 2 j

I = i
Total Mumber of Intersections : 2 j

Study Period : From I to I

— Multiyear Analysis

— Analysis Method
Estimate Predicted Mumber of Crashes:

Estimate Expected Mumber of Crashes:

Return to Main

The Analysis Input window will appear.
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STEP 4: Input the information requested in the fields. The Total Number of Divided
Segments, the Total Number of Undivided Segments, and the Total Number of
Intersections should be a number between 0 and 50. For Study Period, enter the
period for which crash data is available (for example, 2008 to 2012). The maximum
study period length is 5 years

Multiyear analyses can now be conducted using either a growth factor or entering AADT
for each analysis year. Multiyear analysis options will be enabled only when the
difference between study period years is greater than 1. If Apply Linear Traffic Growth
Factor (%) is selected, make sure to enter the respective value in percentage. If AADT
for each analysis year is available, select Enter AADT for Each Year by clicking on the
circle next to the text.

Analysis Method: If observed crash data is not available, select Estimate Predicted
Number of Crashes by clicking on the circle next to the text. If observed crash data is
available, select Estimate Expected Number of Crashes by clicking on the circle next
to the text.

The expected crash frequency is obtained by applying the Empirical Bayes Method. This
method combines the predicted average crash frequency with the observed crash data
to provide a more reliable estimate. Selecting the Estimate Expected Number of
Crashes will enable the Analysis Report frame. There are two methods to apply the
Empirical Bayes adjustment using observed crash data. The Observed Crash Data by
Site Available is used when available crash data is disaggregated by site (segments
and/or intersections), and the Observed Crash Data for the Project Available is used
when observed crash data is only available at aggregated/project level across the all the
sites. Refer to the HSM Section A.2.4 and A.2.5 (Pages A-19 and A-20) for additional
details on the different EB methods.

This analysis includes one divided segment, one undivided segment, and two
intersections. The study period is from 2008 to 2012. The Multiyear Analysis will be
conducted using AADT for each year. The Estimate Expected Number of Crashes Using
Observed Crash Data for the Project Available is the selected analysis method.
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- i
Multilane Rural Roads Analysis Input M

Analysis Input :

Total Number of Divided Segments : 1 il
Total Number of Undivided Segments : 1 :I
Total Number of Intersections : 2 :I

Study Period : From | 2008 to | 2012

Multiyear Analysis

Apply Linear Traffic Growth Factor (%) .

Enter AADT for Each Year (e
Analysis Methad

Estimate Predicted Mumber of Crashes: .

Estimate Expected Number of Crashes: +

Analysis Report

Observed Crash Data by Site Available: lﬁ
Observed Crash Data for the Project Available: +
Project Crashes

Project Total Number of Crashes/Year: 25

Return to Main

When complete click on the Return to Main button to return to the main input window.

STEP 5: On the main menu, select the button labeled Project Information.

Multilane Rural Road Project Information ﬁ
Husral Muttilane Highways ‘: g

= Geneval Propect Information

Project Description : Roadwery :

T inoi artrmey d g |
Input Data |0utput Data| ety State :
Lodd romTete Agency/Compary: Jursdiction :
Load Input Data
from Table Date (mm/ddfyyyy) Analysis Year ;
Sinp 1 Saep 2 Swpd !
T — Divided Segment Praject Information Intersaction Project Information
Nows Frojact Project Dadied Segrment
Lty e Rondway Section 1
¥ ) Major Road =
Sep 4 Seps Step 6 = Undwided Segment Project Information ’—
Undeidad Satup Minr Read :
Segmeet Input | 'Mtersection input Spreadsheet ‘ Roadway Section :
e I Return to Man
Bt HEM Tod "

STEP 6: Complete the information requested in the General Project Information. For
Divided and Undivided segment project information — Roadway Section, enter either a
reference milepost or Key Route or Marked Route. Key Route refers to the lllinois
Roadway Information System (IRIS) terminology and is a universal identifier for any
segment. Marked Route refers to the Division of Traffic Safety route inventory. The key
route information is not necessary for intersections, but all information provided will
assist in tracking projects. For Intersection Project Information, enter a description for
Major Road and Minor Road (for example, Golf Road/Milwaukee Ave., respectively).
When all fields have been completed, click on Return to Main.
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Multilane Rural Road Proj i M

— General Project Information

Project Description : I Skokie Ave Analysis Famiems I Skokie Ave

Analyst ; I ABC State : I L

Agency fCompany: I 1bar Jurisdiction : I District 2

Date (mm/ddfyyyy) : I 12/20/2012 Analysis Year : I 2012

— Divided Segment Project Information —————————————— Intersection Project Informaton ———————————————

T o MP 12.5 N
Roadway Section : I Major Road : I Skokie Ave

— Undivided Segment Project Information ——————————————

Minar Road : I Lawrence 5t

Roadway Section : I MP 13,2

Return to Main

The main menu will re-open.
STEP 7: Select the button labeled Divided Segment Input.

1 y -
Input Data |0utput Data |

Load from Table

Load Input Data
from Table

Step 1 Step 2

Project

en iTEEs Information ; Input

Step 4 Step 5 Step 6

Undivided Set up

Intersection Input

Segment Input Spreadshest

Exit HSM Tool |

“AATH[O

The main interface closes, and two new tabs appear. Segment and intersection data are
entered in these two tabs. The naming convention varies between different modules.
MLR is for multilane rural roads, TLR is for the two-lane rural roads, and UrbArt is for
Urban and Suburban Arterials. For this example the MLR_4.1_Div_Seg_Input,
MLR_4.2_Und_Seg_Input and MLR_6.1_Int_Input tabs are used for data entry. The tabs
are sequentially numbered, and are displayed based on the type of analysis selected.

| MLR_4.1_Div_Seg Input ~ MLR 4.2_Und_Segq Input - MLR 4 Seg Tables -~ MLR_S5_RuralMukiLn Int1 .~ MLR_6.1_Int_Input -~

STEP 8: Enter data in the color-coded cells. Cells highlighted in yellow are hardcoded
values. Cells highlighted in blue are dropdown menus with pre-set options. If particular
data values are the same among all facilities, users can copy and paste, or drag values
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among the different facility types. Table 3 provides details of the different variables
needed to run the predictive method for segments.

Table 3

Rural Multilane Highways — Divided Segments Data Input

Variable Name

Data Description/Units

Segment name

Name of the roadway segment. Up to 50

segments
Length of Segment Miles
AADT AADT for roadway segment
Lane width Feet
Shoulder width Feet
gﬂgﬂ:gg; ;zp;;iﬁggn Paved, gravel, composite or turf
Median Width Feet

Segment lighting

Present or not present

Auto speed enforcement

Present or not present

Calibration factor

Derived from calibration process

Fatal and injury crashes recorded for the
segment; this value is only applicable for

KABC Observed Crash Data by Site Available
analysis method
Property damage only crashes recorded for
PDO the segment; this value is only applicable

for Observed Crash Data by Site Available
analysis method

There are two buttons at the bottom of the page.

Return to Main is used to go to the main menu.

Print Input Info is used to set the segment data input tab for printing using the Page

Break View.

uate Femormea

LLILWEU 1L

Jurisdiction

District 2

Analysis Year

2012

Roadway

Skokie Ave

Segment Name Select Segment Segment 1
Length of Segment, L (mi) 0.7
Lane Width (ft) 12 12
Shoulder Width (ft) 6 2
Shoulder Type - Right Shoulder for Divided Segment Paved Paved
Median Width (ft) 20
Segment Lighting (present/not present) Not Present Mot Present
Auto Speed Enforcement (present/not present) Not Present Mot Present
Calibration Factor, Cr 1 1.20
MULTIYEAR ANALYSIS

Segment Name Segment 1
AADT 2008 6,000
AADT 2009 6,200
AADT 2010 6,400
AADT 2011 6,600
AADT 2012 7.000

Return to Main

Print Input Info
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When all fields have been completed, click on Return to Main.
STEP 9: Select the button labeled Undivided Segment Input.

'l - O -
Input Data |Output Data |

Load from Table

Load Input Data
from Table

Step 1 Step 2 Step 3

Project Divided Segment

e FAEE Information Input

Step & Step &

P e Intersection Input S
i Segment Input Spreadsheet

Exit HSM Tool

STEP 10: Enter data in the color-coded cells. Cells highlighted in yellow are hardcoded
values. Cells highlighted in blue are dropdown menus with pre-set options. If particular
data values are the same among all facilities, users can copy and paste, or drag values
among the different facility types. Table 4 provides details of the different variables
needed to run the predictive method for intersections.

AASH[D
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Table 4

Rural Multilane Highways — Undivided Segments Data Input

Variable Name

Data Description

Segment name

Name of the roadway segment. Up to 50 segments

Length of Segment

Miles

AADT AADT for roadway segment
Lane width Feet

Shoulder width Feet

Shoulder Type—Right .
Shoulder for divided Paved, gravel, composite or turf
Side Slopes 1:2 or Steeper to 1:7 or Flatter

Segment lighting

Present or not present

Auto speed enforcement

Present or not present

Calibration factor

Derived from calibration process

Fatal and injury crashes recorded for the segment; this

KABC value is only applicable for Observed Crash Data by Site
Available analysis method
Property damage only crashes recorded for the

PDO segment; this value is only applicable for Observed

Crash Data by Site Available analysis method

There are two buttons at the bottom of the page.

Return to Main is used to go to the Main Menu.

Print Input Info is used to set the segment data input tab for printing using the Page

Break View.

Project Description Skokie Ave Analysis
Analyst ABC

Agency or Company IDOT

State IL

Date Performed 12/20/2012
Jurisdiction District 2

Analysis Year 2012

Roadway Skokie Ave

Segment Name

Segment 1

Select Segment

Length of Segment, L {mi) 12

Lane width (ft)

12 12

Shoulder width (ft)

6 2

Shoulder type

Paved Paved

Side Slopes

1:5 1:3

Segment lighting (present/not present)

Mot Present Mot Present

Auto speed enforcement (present/not present)

Not Present Mot Present

Calibration Factor, Cr

1 115

MULTIYEAR ANALYSIS

Segment Name

Segment 1

AADT 2008

6,000

AADT 2009

6,200

AADT 2010

6.400

AADT 2011

6,600

AADT 2012

7.000

Print Input Info Return to Main

When all fields have been completed, click on Return to Main.
STEP 11: Select the button labeled Intersection Input.
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Rural Multilane Highways

/) lllinois Depa
Input Data |0utput

Data |

Load from Table

Load Input Data
from Table I

Step 1 Step 2

Step 3 I
Divided Segment
Input |

Project
Information

New Project

Step 4

Undivided
Segment Input

Step 5 Step 6

Set up |
Spreadsheet [l

Exit HSM Tool

STEP 12: Enter the information requested in the fields of the Rural Multilane
Intersection Input window for each intersection included in the analysis. Cells
highlighted in yellow are hardcoded values. Cells highlighted in blue are dropdown
menus with pre-set options. If particular data values are the same among all facilities,
users can copy and paste, or drag values among the different facility types. Table 5
provides details of the different variables needed to run the predictive method for
intersections.

Table 5
Rural Multilane Highways — Intersections Data Input

élmersectmn Input

H[O |

Variable Name Data Description

Intersection name

Name of the intersection. Up to 50 intersections

Intersection type

Three-leg stop control (3ST), four-leg stop
control (4ST), four-leg signalized intersection
(4SG).

AADT major AADT for major roadway segment
AADT minor AADT for minor roadway segment
Intersection skew angle Degrees

Number of non-STOP-

Controlled approaches with 0,1,0r2

LT lane

Number of non-STOP-

Controlled approaches with 0,1,2,30r4

RT lane

Intersection lighting

Present or not present

Calibration Factor, Cr

Derived from calibration process

Fatal and injury crashes recorded for the
segment; this value is only applicable for

KABC Observed Crash Data by Site Available analysis
method
Property damage only crashes recorded for the
PDO segment; this value is only applicable for

Observed Crash Data by Site Available Analysis
method
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There are two buttons at the bottom of the page.
Return to Main is used to go to the Main Menu.

Print Input Info is used to set the segment data input tab for printing using the Page
Break View.

Projct Descogtion | Skokie fo Analysis
Anatyst |ABC

Bgency of Company DO

State |

Dats Pasformad 120012

Jurisds [Distnet 7
Anatysis Year 2012

Roadway Skokie Ave

Intersection Hame Sebect |

Intersection fype (35T 45T 456G
Intersection skew angle [deprees)

aachés with a lefturm Lana (01,23 4 | [

Number of signalized of uncontrallad app :
wnlh 3 rght turn lane (0. 1.2, 3_4]

Hurmbser of sigrahized of
Inéersaction hghting (rasant/nct presant)
Cahbraton Factor, C,

|Net Present

MULTIYEAR ANALYSIS

Mg Enlersoction
AROIT 2008
AADT 7009
ARDIT 2010
AADT 2011
AADIT 3012

Mina intersaction
AADT 7008
ARDIT 2003
AADT 2010
AADIT 2011
ARDT 2012

 Printlnput Info Return to Main

When all fields have been completed, click on Return to Main.

STEP 13: Select the button labeled Set up Spreadsheet.

Rural Multilane Highways

.' ¥
Input Data | Output Data |

Load from Table

Load Input Data
from Table

Step 1 Step 2 Step 3

Project Divided Segment

e FiEE Information Input

Step 4 Step &

Undivided
Segment Input

Intersection Input

Spreadsheet

TAASH[O

Exit HSM Tool |

Based on the selected options when creating a new project the user will get a message
similar to the image shown below with next step instructions.
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ot i

Based on the selected options, the tool has set up calculation and summary
sheets.

Calculation tabs can be seen by clicking the"Show Calculations”Button in the
Main Menu - Qutput Tab.

For this analysis, results can be found under the MLR_9_RuralMultiLn_Proj_EB_Tot
tab

Close the Main Menu user form using the"x"located in the top right corner, and
proceed with reviewing the input data.

If you would like to go back to the Main menu, click on any of the
"Return to Main"buttons located under the instructions and summary tabs

Click OK, and then close the Rural Multilane Highways main menu user form by clicking
on the “X” button on the top right of the box..

1
Input Data \Output Data
Load from Table
Load Input Data

from Table

Step 1 Step 2 Step 3

Project Divided Segment
Information Input

Mew Project

Step 4 Step 5

Undivided
Segment Input

Intersection Input Spreadsheet

Exit HSM Tool

The IEST tool can be used for analyzing single facilities, as well as for corridors with
multiple segments and intersections and multi-year crash data. The Set up
Spreadsheet procedure will create a customized summary sheet depending on the
number of facilities, study period, and analysis method selected.

AASH[D

STEP 14: For this example the final results will be shown in tab
MLR_102_ProjEB_ExSum. The executive summary contains predicted and expected
average crash frequency for Total, Fatal and Injury (KABC), and Property Damage Only
(PDO) crashes. In addition, the HSM Potential for Safety Improvement is included. The
executive summary is shown below:
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mary Sheet
te Typea Using the Project-Level EB Method

RREE
ription_ Gkokie Ave Analysis

Tatal Crashes Per Year (KABCOD Total Crashes Per Year (KABCY Total Crashes Per Year (PDO)
Proi Predicted HSM Predicted | Eupected HS
fect Potential for average Potential for
Components Safety Safety
HSM PSI) HSM PSI)
Project Summary 75 135 60 43 w7 34 32 ] 286

[ C— =]

Crash Severity Level Predicted average crash  Expected average crash  Potential for Improvement

b lorasheatyl) lorashestor) loracheatyr)

Total (KABCOT 75 B5 50
Fatal and Injury KABL] 4.3 7.7 34
Property Dsmage Orly (PO0) 3z 58 28

Predicted and Observed Crashes by Severity and Site Type
Using the Project-Level EB Method

140
120
PsI g a0

B

£
£ g

i Total 5
\ [raB00 A

- £

Hranland k]
L Injury a0

< [kABC)

Total (kagCa) ”":i:gc‘:"f““ Propery oamace
7 23 ¥
55 e o
50 4 25

The user can navigate through the other tabs to make changes if needed. The predictive
method calculations for each facility type are available and can be displayed using the
utilities in the Output Tab in the main menu. Section 4 of this guide provides additional
information regarding the different utilities available for all three modules.

Tab MLR_9 RuralMultiLn_Proj_EB_Tot, contains the predicted, expected, and observed
crashes for all the facilities included in the analysis.
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Multilane Rural Roads Summary Sheet

Worksheet 5A -- Predicted and Observed Crashes by Severity and Site Tgpe Using the Project-Level EB Method Feum i Man
Analyst BEC Fioadway ‘Skokie Ave
Agency of Company 00T durisdiction  District 2 [—
Dite Performed 1242002012 Analysis Year 2012 Rowe
Project Description Skokie Ave Analysis
] [CH| El| K] ] ] ] [C] ] ] [{] i) [iE] =T
Predicted average crash frequency | Observed
site tgpe (orashesiyear) crashes, |Overdispersion Mo - - M v M. Horems
[T M periiaes [Tp— [ — Parameter, k[ Fquation A-3 | Equation -9 | Equation | Equation | Equation | Equation | Equation
[TOTAL) [F1) [FDO] [orashesiyear) (5 [2)° =qit{(E]12]) A0 A1 a2 A3 A4
ROADWAY SEGMENTS DIYIDED
Segment 1 [Civided) EH] T EES] - 281 B0
ear 1 EEH 488 404 242 520
Vear 524 504 420 259 523
Year 955 519 EES ¥ 538
Year 556 535 452 95 547
Year ] EEE AEE - 04 k=] EEL
ROADWAY SEGMENTS UNDIY¥IDED
Segment 1 (Undivided) 3323 2064 1253 - 730 20
Vear 1 3057 1310 THT 1156 458 EE]
Year 3077 920 1187 1156 578 704
Year 3.23% 050 1243 1156 ER 717
Year 341 120 1300 1156 525 ]
Year 3E6L 261 1404 156 056 756
INTERSECTIONS
Interzection 1 2277 1236 04 556 1053
ear | 1907 1ol [EEH 796 0.571
Year 101 1128 [ETF] 160 107
Year ] 1.245 1047 ] 1064
Year I 1312 1051 655 1030
i Year ITE 453 fREE] E55 1151
Intersection 2 E 454 462 . I
Year | 4 404 40
Vear LBEE 428 EEH ; 1
Year HH 45 453 . I
Year 354 A7, 45T A I
i Vear 039 1 526 - A I - — — — —
COMEINED [sum of column] ATE ¥ 202 i - EEN 36 0539 [EES [N 12458 TATE
i
Vorksheet 18 - Project Level EB Method Summary Fesults
I} 2] 131
Crash severity level [T [ —
Tatal [2)coms FrOm Worksheet 54, [13)come frOm Worksheet 58
; 25
Fatal and injury (F1] [T)coms From Worksheet 24 (Breran " [2)n # (2] roran
43 77
1| Property damage only [POO) (4)coms From Worksheet 52 (3)roras " [2Jeoo f (2] .
i 32 58

There are three buttons on the top right side of the summaries that can be used to return
to the main menu, hide and unhide unused rows.

Return fo Main

Hide Unused
Fows

Unhide Al Rows

Tabs MLR_4.1_Div_Seg_Input, MLR_4.2_Und_Seg_Input, and MLR_6.1_Int_Input
contain the input data used in this analysis.

Note: Worksheets MLR_4 Seg Tables and MLR_6_Int Tables contain the HSM
predictive method supporting tables. IDOT has developed state-specific values for all
these different distributions. So there is no need to use the HSM default values.

However, the IEST tool is flexible enough to allow modifications to such tables. Input
data required from the user but restricted to Yes and No options are provided in the pull-
down boxes (Blue cells). Orange cells contain the locally-derived data as shown in the

figure below.
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Iables Affiliated with Crach Statistics:

Table 11-4: Distribution of Crashes by Collision Type and Crash Severity Level for Undivided Roadway Seqments

Collision type Proportion of crashes by collision type and crash severity level
HS5M-Provided Yalues Locally-Derived ¥alues
Locally-Derived ¥alues? | [ Total Fatal and injury | Fatal and injury * FOO Total Fatal and injury | Fatal and injury - FOO
Head-on 0.003 0.023 0.043 0.001 0.003 0.023 0.043 0.001
Sideswipe 0.093 0.043 0.044 0120 0.03% 0.04:3 0.044 0120
Fiear-end 0.248 0.305 0.217 0.220 0.246 0.305 0217 0.220
Angle 0.358 0.352 0348 0.35% 0.356 0.352 0.34% 0.358
Single 0.2738 0.2738 0.304 0.237 0.238 0.238 0.304 0.237
Oicher 0.052 0.0zg 0.044 0.0E4 0.053 0.0zg 0.044 0.0E4
S run-off-rd, Head-on, Sideswipe 0.270 0330

HOTE: * Uring the KABGO reale, thore include only KAE crarher. Grarher vithrewerity lovel Giparrible injury) are not includod.

Table 11-6: Distribution of Crashes by Collision Type and Crash Severity Level for Divided Roadway Seqments

Collision type Proportion of crashes by collision type and erash severity level
HSM-Provided Yalues Locally-Derived ¥alues
Locally-Derived Walues? | hlo Total Fatal and injury [ Fatal and injury * FDO Total Fatal and injury [ Fatal and injury * FOO
Head-on 0.008 0.013 n.o1g n.002
Sideswipe 0.043 0.0z7 0.0z 0053
Rear-end 0ne D162 04 n.osg
Angle 0043 n.o4s 0.045 004
Single 0762 077 [ 0732
Dither n.024 n.ozz n.0z3 0024
S run-off-rd, Head-on, Sideswipe 0.600 0230

HOTE: * Uring the KAEGO reale, thars inzluds anly KAE zrarkor. Crarher vithrowsrity lavel Clparrible injury) ars nokinzludsd.

Roadway Type

HSM-Provided ¥alues

Table 11-15: Night e Crash Propo ns for Unlighted B

oadway Segments

Locally-Derived ¥alues

Proportion of total night-

Proportion of total night-

Locally-Derived values? | Mo time erashes by severity Froportion of erashes time crashes by severity Proportion of crashes
level that occur at night level that occur at night
Fatal and PO, p,.. P Fatal and PO, p,.. Per
iniury, o iniury, o
411 261 .63 0268
Table 11-19: Night-time Crash Proportions Ffor Unlighted Roadway Seqgments
Roadway Type HS5M-Provided Yalues Locally-Derived ¥alues
Proportion of total night- Proportion of total night-
Locally-Derived Walues? | Mo time erashes by severity Froportion of erashes time crashes by severity Proportion of crashes

level that occur at night level that occur at night
Fatal and PO, py.r P Fatal and FOO, p,.. Pur
injury, o injury, o
40 0323 0ETY 0426

STEP 15: To print the summary, export data, or make changes, click on the Return to
Main button on the top right side of the summary tabs. This will prompt the main menu.
Click on the Output Data tab.
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- ararirne
Input Data Output Data ‘

. Show Detailed
i Analysis

Show
Calculations

Print Preview

Export Data

Edit/Change
Analysis

AASH[D

Exit HSM Tool

Show Detailed Analysis: Displays the background summary calculations

Show Calculations: Displays the predictive method calculations (tabs) for each facility

included in the analysis.

Print Preview: Prepares the summary sheet for printing.

Export Data: Creates a copy of the spreadsheet.

Edit/Change Analysis: Allows users to make changes, including adding facilities,

changing values, and re-running the set-up process.

Help: Provides a hyperlink to the IEST tool user's manual posted on IDOT website.

More details about these utilities are provided in section 4.
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3.3. Urban and Suburban Arterials
Introduction

The Highway Safety Manual (Chapter 12) provides a methodology for estimating the
predicted average crash frequency, crash severity, and collision types for urban and
suburban facilities. This chapter is applicable to arterials without full access control
(other than freeway), with two- or four-lane undivided facilities, four-lane divided and
three- and five-lane roads with center two-way left-turn lanes in urban and suburban
areas. More details about the applicability of this module can be found in the HSM
Section 12.3.

This example illustrates how to apply the Urban and Suburban Arterials predictive
method using the IEST tool.

STEP 1: The screen capture below shows the opening page of the IEST tool. Press the
Urban and Suburban Arterials button to begin with the analysis.

Rural Two-Lane Two-Way Roads

HIGHWAY
SAFETY

MANUAL v Rural Multilane Highways
15t Edition
TN r i Urban and Suburban Arterials
» i
HSM %

AASH[O

Help

STEP 2. A new window opens and shows the main menu interface. The main menu is
comprised of two main tabs: Input Data and Output Data. The Input Data tab opens by
default when starting the tool. The output tab contains a series of utilities including print
preview, export, among others. More details about the output tab utilities are provided in
section 4.

Urban and Suburban Arbe_. E
@ linois Department of Transportation

= Input Data |Qutput Data |

Load from Step 1 Step 2

Project
Information

Load Input Data
from Table

New Project

Step 3 Step 4 Step s

Set up
Segment Input Intersection Input Spreadsheet
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This new version of the tool includes two methods to run the analysis. The first one is
using the button Load Input Data from Table, and the second one is following steps 1
through 5. This example will be conducted using the five steps.

STEP 3: Select the button labeled New Project. The Analysis Input user form will
appear.

[ Urban and Suburban Arterials Analysis Input ﬁ-‘
Analysis Input :
Total Number of Segments : 2 :‘
Total Mumber of Intersections : 2 :‘
Study Period : From to |

Multivear Analysis

~
~
Analysis Method
Estimate Predicted Mumber of Crashes: -
Urban and Suburban Arerials IR Estimate Expected Mumber of Crashes: i

llinois Department of Transportation

- Input Data ‘Output Data]

Load from Step 1 Step 2 l

Load Input Data
from Table

Project

DR Information

Step3 Step 4 Step 5

Set up
Spreadshest

Segment Input Intersection Input

Return to Main

FAsHD Exit HSM Tool

STEP 4: Input the information requested in the fields. The Total Number of Segments
and the Total Number of Intersections should be a number between 0 and 50. For
Study Period, enter the period for which crash data is available (for example, 2008 to
2011).

Multiyear analyses can now be conducted using either a growth factor or entering AADT
for each analysis year. Multiyear analysis options will be enabled only when the
difference between study period years is greater than 1. If Apply Linear Traffic Growth
Factor (%) is selected, make sure to enter the respective value in percentage. If AADT
for each analysis year is available, select Enter AADT for Each Year by clicking on the
circle next to the text. Details on how to apply the Linear Traffic Growth Factor can be
found in Section 2.2.

Analysis Method: If observed crash data is not available, select Estimate Predicted
Number of Crashes by clicking on the circle next to the text. If observed crash data is
available, select Estimate Expected Number of Crashes by clicking on the circle next
to the text.
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The expected crash frequency is obtained by applying the Empirical Bayes Method. This
method combines the predicted average crash frequency with the observed crash data
to provide a more reliable estimate. Selecting the Estimate Expected Number of
Crashes will enable the Analysis Report frame. There are two methods to apply the
Empirical Bayes adjustment using observed crash data. The Observed Crash Data by
Site Available is used when available crash data is disaggregated by site (segments
and/or intersections), and the Observed Crash Data for the Project Available is used
when observed crash data is only available at aggregated/project level across the all the
sites. Refer to the HSM Section A.2.4 and A.2.5 (Pages A-19 and A-20) for additional
details on the different EB methods.

This analysis includes 2 segments and 3 intersections. The study period is from 2008 to
2011. The multiyear analysis will be conducted using AADT for each year. Estimate
Expected Number of Crashes using Observed Crash Data by Site is the selected
analysis method.

[ Urban and Suburban Arterials Analysis Input @1
Analysis Input :
Total Mumber of Segments : 2 i‘
Total Mumber of Intersections : 3 i‘
Study Period : From | 2008 to | 2011

Multiyear Analysis
Apply Linear Traffic Growth Factor (%) .

{Enter AADT for Each Year o

Analysis Method

Estimate Predicted Number of Crashes: -

Estimate Expected Number of Crashes: o
Analysis Report

Observed Crash Data by Site Available: (v

Observed Crash Data for the Project Available: .

Return to Main

When complete click on the Return to Main button to return to the main input window.

STEP 5: On the main menu, select the button labeled Project Information.
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- roen s subroan At et et ==
@ Hinois D of ¥ ti - General Project Information
Project Description : | | Roadway :
= Input Data |0utput Data |
Analyst : State :
Load from Step 1 Step2 Agency/Company: Jurisdiction :
Load Input Data 8 i Project | ,
- Date (mmjdd, g Analysis Year :
from Table MBI t  Information T i
- SegmentProject Information —————————————————| Intersection Project Information ——————————
Step3 Step 4 Step 5
i Setup Roadway Section : Major Road :
Segment Input Intersection Input Spraadsheet
Minor Road :
e Exit HSM Tool EEEED

STEP 6 Complete the information requested in the General Project Information input
window. For Segments Project Information, enter either a reference milepost or Key
Route or Marked Route. Key Route refers to the lllinois Roadway Information System
(IRIS) terminology and it is a universal identifier for any segment. Marked Route refers to
the Division of Traffic Safety route inventory. The key route information is not necessary
for intersections, but all information provided will assist in tracking projects. For
Intersection Project Information, enter a description for Major Road and Minor Road
(for example, Golf Road / Milwaukee Ave., respectively). When all fields have been
completed, click on Return to Main.

— General Project Information

Project Description : I Urban Arterial Safety Proje Roadway : I GolfRd

Analyst : I ABC State : I L

Agency/Company: | 09T Jurisdiction : | District 4

Date {mm/dd/yyyy) : I 12/20/2012 Analysis Year : I 012

— Segment Project Information Intersection Project Information

Roadway Section : I MP 2.8 Major Road : I Golf Rd

Minor Road : I Milwaukee Ave

Return to Main

STEP 7: Select the button labeled Segment Input.
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@ M

- Input Data |Output Data |

Load from Step 1 Step 2
Load Input Data - Project
from Table LEL BTIEL Information

Step 3 Step 4 Step 5
Segment Input Intersection Input S
] Spreadsheet

Exit H5M Toal

K\IOTE: Depending on the analysis input data entered, there are instances when an additional user \
form appears asking about the data entry method.

IInput Segment DaiiL M

Enter Data Manually Read Data from Table

Enter Data Manually: Data entry is performed one facility at a time using a user form.
Qead Data from Table: Data entry is performed for all facilities using a table (worksheet) /

The main interface closes, and two new tabs appear. Segment and intersection data are
entered in these two tabs. The naming convention varies between different modules.
TLR is for the Two-Lane Rural roads, MLR is for Multilane Rural roads, and UrbArt
abbreviation is for Urban and Suburban Arterials. For this example the
UrbArt_3_Seg_Input and UrbArt_5_Int_Input tabs are used for data entry. The tabs are
sequentially numbered, and are displayed based on the type of analysis selected.

1 Start | UrbArt_3 Seg_Input UrbArt 5 Int Input

STEP 8: Enter data in the color-coded cells. Cells highlighted in yellow are hardcoded
values. Cells highlighted in blue are dropdown menus with pre-set options. If particular
data values are the same among all facilities, users can copy and paste, or drag values
among the different facility types. Table 6 provides details of the different variables
needed to run the predictive method for segments.
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Table 6

Urban and Suburban Arterials - Segment Data Needs

Variable Name

Data Description

Segment name

Name of the roadway segment. Up to 50

segments
Roadway type 2U, 3T, 4U, 5T
Length of Segment Miles
AADT AADT for roadway segment

Type of on-street parking

None, parallel, or angle

Proportion of curb length with
on-street parking

Percent of on-street parking available. Includes
both sides of the road (percent)

Median width-for divided only

Not present, or select from scale 10 Feet to
100 Feet

Lighting

Present or not present

Auto speed enforcement

Present or not present

Major commercial driveways

Number in segment

Minor commercial driveways

Number in segment

Major industrial/institutional
driveways

Number in segment

Minor industrial/institutional
driveways

Number in segment

Major residential driveways

Number in segment

Minor residential driveways

Number in segment

Other driveways

Number of other driveways in segment

Speed Category

30mph or lower, or greater than 30mph

Roadside fixed object density

Fixed objects/miles

Offset to roadside fixed objects

Feet

Calibration factor

Derived from calibration process

Multiple Vehicle Driveway
Crashes

KABC and PDO crashes recorded for the
segment; this value is only available for
Observed Crash Data by Site Available

Multiple Vehicle Non-driveway
Crashes

KABC and PDO crashes recorded for the
segment; this value is only available for
Observed Crash Data by Site Available

Single Vehicle Crashes

KABC and PDO crashes recorded for the
segment; this value is only available for
Observed Crash Data by Site Available
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Project Description

Urban Arterial Safety Project

Anahyst ABC
‘Agency or Company IDOT

State IL

Date Performed 122002012
Jurisdiction District 4
Analysis Year 2012
Roadwa Golf Rd

Segment Name

Roadway type (2U, 3T, 4U, 4D, 5T)

Select Segment

Length of segment, L {mi}

0.75 0.5

Type of on-street parking (none/parallelangle)

None

Paralle! (Comm/ind}

Proportion of curb length with on-street parking (0.5 LpkiL)

0.75

Median width (ft) - for divided onby

15

Mot Present 15

Lighting (present / not present)

Mot Present

Auto speed enforcement (present / not present)

Mot Present

Mot Present

Major commercial driveways (number})

Winor commercial driveways (number)

Major industrial / institutional driveways (number)

Winor industrial / institutional driveways (number}

Major residential driveways (number)

Winor residential driveways (number)

Other driveways (number}

Speed Category

Roadside fixed object density (fixed objects / mi)

Cffset to roadside fixed objects (ft) [If greater than 30 or Not Present, input 30]

Calibration Factor, Cr

w
alg= e
==

Muttiple wehicle nondriveway crashes - KABC. (observed crashesfyear)

Multiple vehicle nondriveway crashes - PDO. (observed crashes/year)

Multiple vehicle nondriveway crashes - KABCO. (Total crashesiyear)

Single-vehicle crashes - KABC. (observed crashesfyear)

Single-vehicle crashes - PDO. (observed crashes/year)

Single-vehicle crashes - KABCO. (Total crashes/year}

Multiple vehicle driveway crashes - KABC. (observed crashes/year)

Muttiple wehicle driveway crashes - PDO. (observed crashes/year)

Multiple vehicle driveway crashes - KABCO (Total crashesfyear)

MULTIYEAR ANALYSIS

Segment Name

AADT 2008

5,000 5,500

AADT 2008

5,000 7,000

AADT 2010

7,000 7,500

AADT 2011

5,000 5,000

Print Input Info

Return to Main

Crash By Year

There are three buttons at the bottom of the page.

Return to Main is used to go to the Main Menu.

Print Input Info is used to set the segment data input tab for printing using the Page
Break View.

Crash by Year is an optional button only used for the Estimate Expected Number of
Crashes using Observed Crash Data by Site Available analysis method. This utility is
used only if the user wants to document the crashes by year by segment in the
spreadsheet. By clicking the button Crash by Year, additional rows at the bottom of the
page will be unhidden and crash data for each segment included in the analysis, by
severity levels for each study period year, can be entered. In addition, a new button
appears (Upload Number of Crashes by Year), which is used to populate the crash data
input in the main input table.
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]
|
3
3
5
3
i

Crash By Year

Observed Crash Documentation

Segment Name

Segment 1

WMultiple vehicle nondriveway crashes - KABC Crashes 2005

Multiple vehicle nondriveway crashes - KABC Crashes 2006

Wultiple vehicle nondriveway crashes - KABC Crashes 2007

Multiple vehicle nondriveway crashes - KABC Crashes 2004

Multiple vehicle nondriveway crashes - KABC Crashes 2008

Segment Name

Segment 1

Wultiple vehicle nondriveway crashes - PDO Crashes 2005

Multiple vehicle nondriveway crashes - PDO Crashes 2008

Multiple vehicle nondriveway crashes - PDO Crashes 2007

Multiple vehicle nondriveway crashes - PDD Crashes 2004

Multiple vehicle nondriveway crashes - PDO Crashes 2008

Segment Name

Segment 1

Single-vehicle crashes - KABC Crashes 2005

Single-vehicle crashes - KABC Crashes 2008

Single-vehicle crashes - KABC Crashes 2007

Single-vehicle crashes - KABC Crashes 2004

Single-vehicle crashes - KABC Crashes 2008

Segment Name

Segment 1

Single-vehicle crashes - PDO Crashes 2005

Single-vehicle crashes - PDO Crashes 2006

Single-vehicle crashes - PDO Crashes 2007

Single-vehicle crashes - PDO Crashes 2004

Single-vehicle crashes - PDO Crashes 2008

Segment Name

Segment 1

Multiple vehicle driveway crashes - KABC Crashes 2005

Multiple vehicle driveway crashes - KABC Crashes 2006

Multiple vehicle driveway crashes - KABC Crashes 2007

Multiple vehicle driveway crashes - KABC Crashes 2004

Iultiple vehicle driveway crashes - KABC Crashes 2008

Segment Name

Segment 1

Multiple vehicle driveway crashes - PDO Crashes 2005

Multiple vehicle driveway crashes - PDOQ Crashes 2006

WMultiple vehicle driveway crashes - PDO Crashes 2007

Multiple vehicle driveway crashes - PDO Crashes 2004

Multiple vehicle driveway crashes - PDQ Crashes 2008

Upload Number of Crashes By Year

When all fields have been completed, click on Return to Main.

STEP 9: Select the button labeled Intersection Input.

PAGE 3-38

Urban and Suburban Arterials

Iﬁn‘qu:a‘hwﬂofhmbn

- Input Data | Output Data |

Load from Step 1 Step 2
Step 3 Step 4 Step 5
Segment Input EIntersecti