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WELCOME

• Introductions

• Introductory session
• Objectives

• Scope

• Main points

• Background

• Agenda



INTRODUCTIONS

• Srinivas Geedipally
• Mike Pratt
• Robert Wunderlich

Course Instructors

• Now it’s your turn. . .

Participants



OBJECTIVES

To inform participants about. .
Availability of safety predictive 
methods for all facility types in 
Texas
Availability of simple-to-easy 
tools to apply these methods

To demonstrate how to use 
these tools



OBJECTIVES
• Course Elements

• How to estimate crash frequency using safety prediction methods

• Use of spreadsheet tools and their data needs



SCOPE

Intended Audience
Engineers and practitioners who 
want to incorporate safety 
performance into the network 
screening, design, and project 
development processes 

Roadway Types
Rural Roads
• Two-lane undivided (2U)
• Four-lane undivided (4U), 
• Four-lane divided (4D)
• Rural Intersections
• Freeways, frontage roads, and ramps

Urban Streets and Highways
• Two-lane undivided (2U)
• Two-lane with TWLTL (3T), 
• 4U, 
• 4D, 
• Four-lane with TWLTL (5T)
• Urban Intersections
• Freeway, frontage roads, and ramps



USE CRASH PREDICTION METHODS

• To:
• Make Project-level decisions

• Compare various alternatives

• Screen the network for problem areas 

• Aid in the project development process



BACKGROUND
Project 0-7067

• “Enhancing Freeway Safety Prediction 
Models”

• Project Director:  Khalid Jamil

• Project Manager:  Shelley Pridgen

Product:
• Research report

• Spreadsheet tool for urban freeways

• General-purpose lanes

• Managed lanes



BACKGROUND
Project 0-7083

• “Calibrating the Highway Safety 
Manual Predictive Methods for Texas 
Highways”

• Project Director:  Khalid Jamil

• Project Manager:  Jade` Adediwura

Product:
• Research report

• Spreadsheet Tools (0-7083-P1)

• Rural Two-Lane Highways

• Rural Multi-Lane Highways

• Urban Arterials

• Freeway Facilities



AGENDA
• Lesson 1:  Safety Models

• Lesson 2:  Spreadsheet Tools
• Input data

• Estimate crashes



QUESTIONS

•Questions are encouraged

•Please ask them as they occur to you



HIGHWAY SAFETY MANUAL BASED

Familiarity of Group with HSM



1. SAFETY MODELS

• Safety Performance Functions (SPFs)

• Crash Modification Factors

• Calibration to Texas

• Developing new SPFs

• Regional factors



SAFETY PERFORMANCE FUNCTION
• Establishes statistical relationship between 

exposure and risk

• Exposure – Traffic Volume and length (VMT)

• Risk – likelihood of a crash



SAFETY PERFORMANCE FUNCTION
• A regression equation to determine the predicted 

crash frequency at a location

Exposure Risk



SAFETY PERFORMANCE FUNCTIONS 
FOR TEXAS CONDITIONS

• Calibration to Texas

• Developing new SPFs

• Regional factors



CRASH MODIFICATION FACTOR
• “an index of how much crash experience is 

expected to change following a modification in 
design or traffic control” (HSM, 2010)

𝐶𝐶𝐶𝐶𝐶𝐶 =
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖 𝑛𝑛𝑛𝑛𝑛𝑛 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚



CRASH MODIFICATION FACTOR

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 100 1 − 𝐶𝐶𝐶𝐶𝐶𝐶

A CMF of:

0.75 (Crashes go down)

1.10 (Crashes go up)

A CMF of:

0.75 = 25% reduction
1.10 = 10% increase



CRASH MODIFICATION FACTOR
• Estimated based on statistical analysis of crash 

data using:
 Before-after study
 Cross-sectional study

• Recommended source: 
http://www.cmfclearinghouse.org/



HSM SPFS

Rural Two-Lane Highways 
(Chapter 10)

• Segments (2U)
• Intersections

• Three-leg stop-controlled (3ST)
• Four-leg stop-controlled (4ST)
• Four-leg signal-controlled (4SG)



HSM SPFS

Rural Multi-Lane Highways 
(Chapter 11)

• Segments
• Divided (4D)
• Undivided (4U)

• Intersections
• Three-leg stop-controlled (3ST)
• Four-leg stop-controlled (4ST)
• Four-leg signal-controlled (4SG)



HSM SPFS

Urban Arterials
(Chapter 12)

• Segments
• Two-lane (2U)
• Two-lane with TWLTL (3T)
• Four-lane divided (4U)
• Four-lane undivided (4D)
• Four-lane with TWLTL (5T)

• Intersections
• Three-leg stop-controlled (3ST)
• Four-leg stop-controlled (4ST)
• Three-leg signal-controlled (3SG)
• Four-leg signal-controlled (4SG)



HSM SPFS

Freeways
(Chapter 18)

• Mainline segments
• Speed-change lanes
• Severity distribution functions



HSM SPFS

Ramps
(Chapter 19)

• Ramp segments
• Ramp terminals
• Severity distribution functions



CALIBRATION TO TEXAS

Segment 
Type

Collision 
Type

Crash Count
Local 

Calibration 
Factor C

Observed Predicted

R2U All 232 284.63 0.82

R4D All 1,046 1,154.70 0.91

R4U All 685 989.55 0.69

U2U
MV 302 321.69 0.94

SV 221 200.58 1.10

U3T
MV 255 416.71 0.61

SV 118 79.93 1.48

U4D
MV 1,142 682.11 1.67

SV 479 243.39 1.97

U4U
MV 1,157 865.06 1.34

SV 289 192.84 1.5

U5T
MV 1,008 2,028.51 0.50

SV 327 440.71 0.74

𝑐̂𝑐 =
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃



CALIBRATION TO TEXAS
• Rural two-lane segments



CALIBRATION TO TEXAS
• Freeway segments

Urban Rural



NEW SPFS

• HSM does not include SPFs for several segment types 
commonly used in Texas freeway corridors

• Urban segments with more than 10 lanes

• Frontage roads

• Managed lanes

• Reversible or non-reversible

• Separated by barrier, pylons,
or pavement stripes



NON-REVERSIBLE MANAGED LANES
NEW SPF

Single-vehicle Crashes Multi-vehicle Crashes



NON-REVERSIBLE MANAGED LANES

Crash Modification Factors:

Shoulder width

Access point density



NON-REVERSIBLE MANAGED LANES

Crash Modification Factors:

Shoulder width



NON-REVERSIBLE MANAGED LANES

Crash Modification Factors:

Access point density



REVERSIBLE MANAGED LANES
NEW SPFS

Single-vehicle Crashes Multi-vehicle Crashes



REVERSIBLE MANAGED LANES

Crash Modification Factors:

Shoulder width

Access ramp density



REVERSIBLE MANAGED LANES

Crash Modification Factor:

Shoulder width



REVERSIBLE MANAGED LANES

Crash Modification Factor:

Access ramp density



NEW SPFS

Single-vehicle Crashes Multi-vehicle Crashes

• Frontage roads

Two –Way < One-Way

Only in range on graph
Consider severity
CMFs



NEW SPFS

Severity

One-way Two-way

Rural Urban Rural Urban

K 0.9% 0.4% 4.4% 0.6%

A 4.6% 1.3% 6.1% 0.6%

B 8.7% 10.4% 11.4% 10.3%

C 13.3% 18.2% 16.7% 12.8%

O 72.4% 69.6% 61.4% 76.3%

14.2% 21.9%

• Frontage roads



NEW SPFS

Crash Modification Factors:

Shoulder width

Access point density

Ramp presence

Posted speed limit

Horizontal curve density

• Frontage roads



NEW SPFS

Crash Modification Factors:

Shoulder width

• Frontage roads



NEW SPFS

Crash Modification Factors:

Access point density

• Frontage roads



NEW SPFS

Crash Modification Factors:

Ramp presence

• Frontage roads



NEW SPFS

Crash Modification Factors:

Posted speed limit

• Frontage roads



NEW SPFS

Crash Modification Factors:

Horizontal curve density

• Frontage roads



NEW SPFS

• Ramps considered in HSM are different from ramps in Texas
• Typical ramps in the HSM

• Typical ramps in Texas 



NEW SPFS

Exit Ramp Entrance Ramp

• Ramps



RAMPS
SEVERITY DISTRIBUTIONS

14.4% 25.8%

Severity

Ramp Type

Exit Entrance

K 0.4% 2.9%

A 3.3% 2.9%

B 10.7% 20.0%

C 15.6% 18.6%

O 70.1% 55.7%



RAMPS

Crash Modification Factors:

Shoulder width

Horizontal curve density

Barrier presence



RAMPS

Crash Modification Factor:

Shoulder width



NEW SPFS

Crash Modification Factor:

Horizontal curve density

• Ramps



NEW SPFS

Crash Modification Factor:

Barrier presence

• Ramps



REGIONAL 
FACTORS

𝑓𝑓𝑟𝑟𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =
𝐶𝐶𝑟𝑟𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝐶𝐶𝑠𝑠𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡



QUESTIONS?



2. SPREADSHEET TOOLS

Rural Two-Lane Highways

Rural Multi-Lane Highways

Urban Arterials

Freeways



SPREADSHEET TOOLS
https://cts.tti.tamu.edu/project/list-of-safety-tools/



RURAL TWO-LANE HIGHWAYS



RURAL TWO-LANE HIGHWAYS



RURAL TWO-LANE HIGHWAYS

Guidance

Validation

Conditional 
formatting



RURAL TWO-LANE HIGHWAYS



RURAL TWO-LANE HIGHWAYS



RURAL TWO-LANE HIGHWAYS

3ST, 4ST, or 4SG



RURAL TWO-LANE HIGHWAYS



RURAL MULTI-LANE HIGHWAYS



URBAN ARTERIALS



URBAN ARTERIALS



URBAN ARTERIALS



QUESTIONS – COMMENTS?



FREEWAYS



FREEWAYS



FREEWAYS



FREEWAYS



FREEWAYS

HSM CMF 
numbers

0-7067 CMF 
equation 
numbers



FREEWAYS

HSM CMF 
numbers

0-7067 CMF 
equation 
numbers



FREEWAYS

Entrance or Exit



QUESTIONS – COMMENTS?



WRAP-UP

• Thank you for your time!
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