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Problem

• Texas does not currently have local SPFs or 
calibration factors for the HSM SPFs.

• Existing Texas SPFs are too old.
• HSM does not include frontage road SPFs
• Ramps considered in HSM are different from 
ramps in Texas

• Texas does not have an intersection database
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Project Objectives

• Calibrate the Part C prediction 
models of the HSM for 
conditions in the State of Texas 
and develop calibration factors

• Develop up to five new SPFs for 
facility types with poor quality 
calibration factors and for 
facilities that do not have SPFs 
in the HSM
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SPF Development Process
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Project Tasks

Task 1
• Project management & research coordination

Task 2
• Literature review
• Identify tools

Task 3
• Database preparation

Task 4
• Safety prediction method development

Task 5
• Validation of method
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Segment database

• TxDOT’s Roadway Inventory (RHiNo) database
• TxDOT’s Crash Records Information System 
(CRIS) for the years 2015 to 2019.
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Freeway database
• Rural

– 4‐lanes
– 6‐lanes

• Urban
– 4‐lanes
– 6‐lanes
– 8‐lanes
– 10‐lanes
– 11+ ‐lanes
– Managed lanes

Stratified random sampling

TxDOT Project 0‐7067
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Sample Size Determination

• For a level of relative precision, dispersion 
parameter, and level of confidence, the 
required sample size is:

𝑛
𝑍
𝛾 𝜅

1
𝑦
Average number of 
Crashes per site

Standard Normal threshold
For a required confidence level

Relative precision required
In the estimation of c

Dispersion
parameter
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Intersection database

• Intersection database generated using HERE 
network data

• Used six steps to prepare the data
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Frontage Road database

• Used RHiNo database
• Types of frontage roads:

– Rural 2‐way (R2W)
– Rural 1‐way  (R1W)
– Urban 2‐way (U2W)
– Urban 1‐way (U1W)
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Frontage Road database

• Sample size
Final Sample Size by RegionPopulation 

Size
Facility 
Type WestSouthNorthEastTotal

978141482761,549R1W
14594149254135,030R2W
1637453012815,519U1W
391536101001,717U2W
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Ramp segments

• Typical ramps in the HSM

• Typical ramps in Texas
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Ramp segments

• Database provided by the TxDOT
– Extracted from STARS II

• Provided as an excel file
• Team geolocated and developed an ArcMap 
model

• Joined with “Statewide area types” shapefile
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Ramp segments

• Sample size

Final 
Sample Size 

Population 
Size

Area 
Type

4991,408Rural
1436,417Urban

14



0‐7083 Develop Highway Safety Manual (HSM) Safety 
Performance Functions (SPFs) and Calibration Factors for 
Texas, Karen Dixon

June 29, 2023

TRB Safety Performance and Analysis

Crash Assignment
– No easy way to assign frontage road and ramp 
crashes

– All crashes assigned to centerline
– Used vehicle direction to assign
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Crash Assignment
– Example crash
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Frontage Road database

• Crash assignment
– Manually checked every crash to assign to two‐way 
frontage roads

– Manually checked crashes on one‐way frontage 
roads that have questionable direction

17



0‐7083 Develop Highway Safety Manual (HSM) Safety 
Performance Functions (SPFs) and Calibration Factors for 
Texas, Karen Dixon

June 29, 2023

TRB Safety Performance and Analysis

Ramp segments

• Crash assignment
– Manually checked crashes on ramps that have 
questionable direction
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Frontage Road database

• Collected the following variables:
– Edge markings
– Lane width
– Shoulder width
– Driveway density
– Ramp presence
– Rumble strips
– Lighting
– Speed limit
– Horizontal curves 
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Ramp segments

• Collected the following variables:
– Ramp type (Entrance or exit)
– Entrance/Exit Side (Left or right)
– Ramp length
– Ramp Configuration (Curved or straight)
– Area type
– Number of lanes
– Lane width
– Left shoulder width
– Right shoulder width
– Lighting
– Speed limit
– Left side barrier presence
– Right side barrier presence
– Lane add or drop
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Safety Prediction Method Development

Segments

• Rural
• Two‐lane             HSM Chapter 10
• Multi‐lane divided
• Multi‐lane undivided

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

HSM Chapter 11

HSM Chapter 12
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Safety Prediction Method Development

Segments

•Freeways
•Main lanes     HSM Chapter 18

•Ramps      New SPFs
•Frontage roads     New SPFs
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Safety Prediction Method Development

Intersections

• Signalized 
• Three‐legged
• Four‐legged

• Stop‐controlled
• Three‐legged
• Four‐legged

HSM Ch. 10, 11, 12

23



0‐7083 Develop Highway Safety Manual (HSM) Safety 
Performance Functions (SPFs) and Calibration Factors for 
Texas, Karen Dixon

June 29, 2023

TRB Safety Performance and Analysis

Example CURE Plots
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Segments
Exceeding 
95% CICV

Dispersion 
Parameter

Modified 
R2MSPEMAD

SE of 
CC

Coll. 
Type

Seg. 
Type

14%0.110.430.621.970.770.090.82AllR2U
19%0.110.620.6134.093.410.100.91AllR4D
24%0.130.660.6117.161.900.090.69AllR4U
37%0.231.250.3711.041.440.210.94MV

U2U 1%0.250.650.55.781.010.271.10SV
4.8%0.180.860.427.011.330.110.61MV

U3T 0.6%0.170.440.631.70.70.251.48SV
50.4%0.211.910.2770.493.790.351.67MV

U4D 0.0%0.10.570.386.111.440.201.97SV
26.9%0.21.140.5498.254.320.271.34MV

U4U 17.9%0.120.520.533.811.170.181.5SV
53%0.161.29‐0.1291.755.340.080.50MV

U5T 49%0.120.650.195.621.530.090.74SV
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Freeway Mainlanes

Local 
Calibration 
Factor C

Crash Count
Crash Type

No. of Lanes

PredictedObserved
0.6740.5627MV FI4
0.7778.2060MV PDO
0.5693.8753SV FI
0.68200.81137SV PDO
0.63198.49125MV FI6
0.60492.47296MV PDO
0.71166.98118SV FI
0.81426.40346SV PDO

SPFs

26



0‐7083 Develop Highway Safety Manual (HSM) Safety 
Performance Functions (SPFs) and Calibration Factors for 
Texas, Karen Dixon

June 29, 2023

TRB Safety Performance and Analysis

Freeway Mainlanes

SDFs
Variable Value by Number of LanesVariable

All64
32324380No_KABC
19114546No_KAB

499.90365.47134.43Np_KABC
228.14160.0868.06Np_KAB
0.590.600.58Po,KAB
0.460.440.51Pp,KAB
1.721.901.32CSDF
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Functional Form ‐ Examples

R2U Segments R2U – 4SG
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Region‐Specific Factors
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Region‐Specific Factors

Facility TypeDistrict NumbersRegion

U5TU4UU4DU3TU2UR4UR4DR2U

0.680.800.821.020.910.890.911.101,2,3,9,10,18,19,23North

0.800.860.910.831.051.031.110.6013,14,15,16,21,22South

1.630.851.421.460.821.231.011.2011,12,17,20East

1.001.591.411.001.190.710.900.944 ,5,6,7, 8, 24, 25West
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Safety Prediction Method Development

• Types of frontage roads:
– Rural 2‐way (R2W)
– Rural 1‐way  (R1W)
– Urban 2‐way (U2W)
– Urban 1‐way (U1W)
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SPFs – Frontage Roads

Single‐vehicle Crashes Multi‐vehicle Crashes
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SPFs – Frontage Roads

Two‐wayOne‐way

Severity UrbanRuralUrbanRural

0.6%4.4%0.4%0.9%K

0.6%6.1%1.3%4.6%A

10.3%11.4%10.4%8.7%B

12.8%16.7%18.2%13.3%C

76.3%61.4%69.6%72.4%O

14.2% 21.9%
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CMFs developed for frontage roads:
• Access point density
• Ramp presence
• Posted speed limit
• Horizontal curve density

SPFs – Frontage Roads
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SPFs ‐ Ramps

• Types of Ramps:
– Entrance
– Exit
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SPFs – Ramps

Exit Ramp Entrance Ramp
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SPFs – Ramps

14.4% 25.8%

Ramp Type

Severity EntranceExit

2.9%0.4%K

2.9%3.3%A

20.0%10.7%B

18.6%15.6%C

55.7%70.1%O
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CMFs developed for ramp segments:
• Horizontal curve presence
• Left shoulder width
• Right shoulder width
• Barrier presence

SPF ‐ Ramps
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Implementation
Spreadsheet tool
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