HIGHWAY
SAFETY
MANUAL

1st Edition
Supplement e 2014

HSM

Highway Safety Manual

AASHIO

AMERICAN ASSOCIATION orf
STATE HIGHWAY AnD
TRANSPORTATION OFFICIALS

Avﬁgl_!IAD Includes Chapter 18, Chapter 19,

and Appendix B to Part C



American Association of State Highway and Transportation Officials
444 North Capitol Street, NW, Suite 249

Washington, DC 20001

202-624-5800 phone/202-624-5806 fax

www.transportation.org

© 2014 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.

Pub Code: HSM-1S ISBN: 978-1-56051-600-2

© 2014 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



Table of Contents for HSM Supplement

CHAPTER 18—Predictive Method for Freeways

18.1. INTRODUCTION .......eeciiiiiiecimeeeeeesesmmeese s s mms e s eesssmn e e e s e sessmne e e e aesesmmeeeeeassnnnneessssssnns 18-1
18.2. OVERVIEW OF THE PREDICTIVE METHOD ......cccociiiriiinnsesssssssss s s sssnnes 18-1
18.3. FREEWAYS—DEFINITIONS AND PREDICTIVE MODELS..........coocciimrerinnnenrennnnnes 18-2
18.3.1. Definition of Freeway Facility and Sit€ TYPES .......ccviiiieiiiiiiiiiiie et 18-2
18.3.2. Predictive Model for Freeway SEgMENTS .........c.oiiiiiiiiiii e 18-4
18.3.3. Predictive Model for Freeway Speed-Change Lanes ..........cccceiiiiiiiiiiiiiieecee e 18-6
18.4. PREDICTIVE METHOD FOR FREEWAYS........ooiiiiiccreeeersssssmseesssssssmnre s sssssnsnesssssssnnns 18-7
18.4.1. Step-by-Step Description of the Predictive Method...............cooviiiiiciicceeeeeeee e 18-7
18.4.2. Data Needed to Apply the Predictive Method............c.oovoiiiiiiiieiccece e 18-14

18.5. ROADWAY SEGMENTS AND SPEED-CHANGE LANES

18.5.1. Definition of Freeway Segment and Speed-Change Lane

18.5.2 SEGMENTATION PrOCESS ... .iiuiiiiite e
18.5.3. Crash ASSIGNMENT 1O SHES........iiiiiiiii ittt

18.6. SAFETY PERFORMANCE FUNCTIONS ... s 18-24
18.6.1. Safety Performance Functions for Freeway SEgMENts ..........ccoovviiiiiiiiiiiiiiee e 18-24
18.6.2. Safety Performance Functions for Speed-Change Lanes............coccvoiiiiiiiiiiiiiie e 18-29
18.7. CRASH MODIFICATION FACTORS. .....coiiiiiimirrrissssns s sssss s ssss s s sssnn s s ssanns
18.7.1. Crash Modification Factors for Freeway SegmMENtS.........c.cocooiiiiiiiiiiiiieeee e
18.7.2. Crash Modification Factors for Speed-Change Lanes......................

18.7.3. Supplemental Calculations to Apply Crash Modification Factors.....

18.8. SEVERITY DISTRIBUTION FUNCTIONS ......cooieiiiniimmnr s nssssss s s sssssssn s snnanes 18-53
18.9. CALIBRATION OF THE SPFS AND SDFS TO LOCAL CONDITIONS.......ccceumererrninns 18-56
18.10. LIMITATIONS OF PREDICTIVE METHOD......ooiiiiiceieeeeeiermme e e smee e e emme e 18-56

© 2014 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



18.11. APPLICATION OF PREDICTIVE METHOD.......ccccviemrnrnninne s ssssss e 18-57

18.11.1. Freeways with Barrier-Separated Managed Lanes ...............ccocovveveeeeeeeeeeeeeeeeeeeeee 18-57
18.11.2. Freeways With TOIl FACIHITI®S ........iviiiiiiii i 18-57
18.12. SUMMMARY ....eeiiiiiiiiiimeeeareesmme e e e asssmme e s sass s mn e e s e s s s s mmn e e e aessmneeseesssmmneeeensssnmnnenessssnns 18-57
18.13. SAMPLE PROBLEMES ....... .o s mss e smn s s mmn e e smnn e e
18.13.1. SaMPIE ProBIBM T ..o
18.13.2. SaMPIE ProBIEM 2 ...

18.13.3. Sample Problem 3....
18.13.4. Sample Problem 4....

18.13.5. SamPle Problem 5. .. e
18.13.6. SAMPIE PrODIEM 6. oo
18.14. REFERENCES........coi i s sn s s s s n s e 18-110
APPENDIX 18A—WORKSHEETS FOR PREDICTIVE METHOD FOR FREEWAYS............ 18-111

CHAPTER 19—Predictive Method for Ramps

19.1. INTRODUCTION .....iieiiiiemie e e aesesms e s e s smss s ss s ssms e e e s s mm s s s s s e esmmn e s s e e s snmnnesesnsnnns 19-1
19.2. OVERVIEW OF THE PREDICTIVE METHOD ......ccoiiiiuimriiniseesssssssss s sessnnes 19-1
19.3. RAMPS—DEFINITIONS AND PREDICTIVE MODELS.........ccccomrmiiiimmrerinnsneneennnanes 19-2
19.3.1. Definition of RAMP SIt@ TYPES ... .eiuiiii it 19-3
19.3.2. Predictive Model for Ramp SEGMENTS .........oviiiiiiii e 19-7
19.3.3. Predictive Model for RamMpP TerMINGIS.........ooiiiiiiiic i 19-9

19.4. PREDICTIVE METHOD FOR RAMPS AND RAMP TERMINALS
19.4.1. Step-by-Step Description of the Predictive Method

19.4.2. Data Needed to Apply the Predictive Method............ocoooiiiiiiiiii

19.5. RAMP SEGMENTS AND RAMP TERMINALS ......ccooiiiiiiiiiissssnsseseensns e 19-25
19.5.1. Definition of Ramp Segment and Ramp Terminal.............ccoocooviiiiiioiie e 19-25
19.5.2 SEGMENTATION PrOCESS ......viivieeiieit ettt 19-26
19.5.3. Crash ASSIGNMENT 1O SHES........iiiiiiii ittt 19-27
19.6. SAFETY PERFORMANCE FUNCTIONS ... s 19-27
19.6.1. Safety Performance Functions for Ramp SEgMENTS.........ccviiiiiiiiiiii it 19-28
19.6.2. Safety Performance Functions for Ramp Terminals............ccoooioiiiiiiiiiii e 19-35
viii

© 2014 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



19.7. CRASH MODIFICATION FACTORS......oocimiicrimni s s ne s ssneas 19-45

19.7.1. Crash Modification Factors for Ramp SEGMENTS .........c.ccvoiiiiiiiiiieieecee e 19-46
19.7.2. Crash Modification Factors for Ramp Terminals ............ccooiiiiiiiiiiiiee e 19-54
19.7.3. Supplemental Calculations to Apply Crash Modification FActors............cccocoovvvieiiiiciieiee, 19-65
19.8. SEVERITY DISTRIBUTION FUNCTIONS ... s 19-72
19.8.1. Severity Distribution Functions for Ramp SEgMENTS ..........cooviiiiiiiiiiiiiiee e 19-73
19.8.2. Severity Distribution Functions for Ramp Terminals.............ccooveiiiiiiieiieiee e 19-74
19.9. CALIBRATION OF THE SPFS AND SDFS TO LOCAL CONDITIONS........ccoccemrriinnnes 19-76
19.10. INTERIM PREDICTIVE METHOD FOR ALL-WAY STOP CONTROL.......cccccemrriiunnes 19-77
19.11. LIMITATIONS OF PREDICTIVE METHOD......cciiiiicermeeeerescmereesssssmmre e s sessssmnnesessnsnes 19-78
19.12. APPLICATION OF PREDICTIVE METHOD.....ccciiiiieeeeeiceme e e cmee e e mme e 19-79
19.13. SUMMARY ....eeeiiiiiiiimiee e aaresmms e s s smns s s s ssms e s s s s mn e e s s s e smne e s e e s s mmn e e s e e s nmnneseannnns 19-79
19.14. SAMPLE PROBLEMES ...... ..t ssns s s s s smnn s e 19-80
19.14.1. SaMPIE PrOBIEM T ..ot 19-80
19.14.2. SamMPIE ProBIBM 2 .. .o 19-91
19.14.3. SamPle ProbIEM 3. .o 19-101
19.14.4. SamPIE ProDIEM 4. ..ot 19-114
19.14.5. SAMPIE PrODIEM 5. ..o 19-125
19.14.6. SAMPIE PrODIEM 6. oviii e 19-134
19.15. REFERENCES.........ieiiicccceeressssscee e e e s mmr e e s s s smn e e essssmme e e s e e s e ssmnneeessssmmneeeeensnnn 19-143
APPENDIX 19A—WORKSHEETS FOR PREDICTIVE METHOD FOR RAMPS.................. 19-144

APPENDIX B—Specialized Procedures Common to
Chapters 18 and 19

B.1. CALIBRATION OF THE CHAPTER 18 AND 19 PREDICTIVE MODELS...........ccceeiumeennn B-1
B.1.1. CALIBRATION OF PREDICTIVE MODELS..........ccccioririinnrmrrinsse s B-2
B.1.1.1. Step 1—Identify the predictive models to be calibrated. .............cccooiiiiiii B-2
B.1.1.2. Step 2—Select sites for calibration of the predictive model.............c.occooiiiiiiiiiiiiieee B-3
B.1.1.3. Step 3—Obtain data for each set of calibration sites for the calibration period. ................cc........ B-4
B.1.1.4. Step 4—Apply the applicable predictive method to estimate the predicted average crash

frequency for each site during the calibration period as a whole...............ccocoviiiiiiiiiiii B-8
B.1.1.5. Step 5—Compute calibration factors for use in the predictive models. ............ccocoviiiiiiinn. B-8

© 2014 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.



B.1.2. DEVELOPMENT OF JURISDICTION-SPECIFIC SAFETY PERFORMANCE
FUNCTIONS (SPFS) FOR USE IN THE PREDICTIVE METHOD.........ccccoemrnmmnenrrnennaens B-8

B.1.3. REPLACEMENT OF SELECTED DEFAULT VALUES IN

THE PREDICTIVE METHODS ...t issre s s ssssssss s sssss s s s ssssss s s ssnsas B-9
B.1.3.1. Replacement of Default Values for FIEEWAYS ..........coviiiiiiiiiiiec e B-10
B.1.3.2. Replacement of Default Values for RampPs .........cc.ooiiiiiiiiiii e B-11
B.1.4. CALIBRATION OF SEVERITY DISTRIBUTION FUNCTIONS ........ccovmmmmmnninnnnnernninnns B-12
B.1.4.1. Step 1 Identify the site types for which the SDFs are to be calibrated............ccccoooiviiiiinn. B-12
B.1.4.2. Step 2—Select sites for calibration of the SDF............c..ocoooiiiiiiiicceeeeeee e B-12
B.1.4.3. Step 3—Obtain data for each set of calibration sites for the calibration period. .............c.......... B-13
B.1.1.4. Step 4—Apply the applicable predictive method to estimate the predicted average

crash frequency by severity for each site during the calibration period. .............cccooooiiviiinnn. B-13
B.1.1.5. Step 5—Compute the calibration factors for use in the SDFS..........c.cccooiiiiiiiiiiiiie B-13
B.2. THE EMPIRICAL BAYES METHOD ...t iecsee e ssmss s ssmms s s s smmn e s B-14
B.2.1. Determine whether the EB Method is Applicable............ccooiiiiiiiiii i B-15
B.2.2. Determine whether Observed Crash Data are Available for the Project and, if so,

OBLAIN TNOSE DATA. ... ettt B-16
B.2.2.1. Projects WIth ONE SIE ......i.iiviieiiiiieiit ettt B-16
B.2.2.2. Projects wWith TWO OF MOIE SITES .....c.iiiiiiii oot B-18
B.2.3. Assign Crashes to Individual Sites for Use in the EB Method ...........c.ccooioiiiiiiiiiiiicee B-19
B.2.4. Apply the Site-Specific EB METNOT .........oiiiiii e B-20
B.2.5. Apply the Project-Level EB MethOd..........c.ooiiiiii i B-22
B.2.6. Estimate the Expected Average Crash Frequency for a Future Time Period...........cccccoovevveviinnnne. B-26
B.2.7. EB Method for Segments with an Odd Number of Lanes............occooiiiiiiiiiiiii e B-28
B.3. REFERENCES ......ceeiiiiiiier i s s a s n e e e B-30

© 2014 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



List of Figures

CHAPTER 18—PREDICTIVE METHOD FOR FREEWAYS

Figure 18-1. The HSM Predictive Method ............ooiiiiiiiiiic e 18-8
Figure 18-2. Through-Lane Count in Segments with Lane Add or Lane Drop..........cccccoviiiiieiiieicennn. 18-15
Figure 18-3. Freeway Speed-Change Lane Length ... 18-16
Figure 18-4. Curve Length and Radius MeasuremMeNtS .........ccooouiiiiiiiiii e 18-17
Figure 18-5. Measurement of Cross Section Data Elements ..ot 18-18
Figure 18-6. Barrier Variables ..........co.oiiiiii i 18-19
Figure 18-7. Type B Weaving Section and LeNGth ... 18-19
Figure 18-8. Distance t0 Nearest RAMP..........couiiiiiiiiiiii i 18-20
Figure 18-9. Clear Zone Width Considerations .............oooiiiiiiiiiiiii i 18-21
Figure 18-10. lllustrative Freeway Segments and Speed-Change Lanes ............ccoccooveiiiiiiciiiieinane 18-22
Figure 18-11. Segmentation for Varying Median Width............ccccooiiiiiiiiiiiiiic 18-23
Figure 18-12. Graphical Form of the SPFs for Multiple-Vehicle Crashes on Freeway Segments ............. 18-26
Figure 18-13. Graphical Form of the SPFs for Single-Vehicle Crashes on Freeway Segments................ 18-28
Figure 18-14. Graphical Form of the SPFs for Ramp Entrance Speed-Change Lanes..............c..cccccoou... 18-31
Figure 18-15. Graphical Form of the SPFs for Ramp Exit Speed-Change Lanes ...........c.cccooeviiiiirannne 18-33

CHAPTER 19—PREDICTIVE METHOD FOR RAMPS

Figure 19-1. Ramp Terminal ConfiQUIatiONS. ........co.iiiiiiiiiiic i 19-3
Figure 19-2. The HSM Predictive Method ..........ccoiiiiiii e 19-11
Figure 19-3. Determination of Number of Lanes for Ramp Segments ............cccooiiviiiiiiiiiniiiciee 19-18
Figure 19-4. Starting Location on Ramps and C-D ROAAS .........c..cooiiiiiiiiiiiieiii e 19-19
Figure 19-5. Barrier Variables ..........o i 19-20
Figure 19-6. Speed-Change Lane Location on Ramps and C-D ROAdS ............coceiiiiiiiiiiiiiiiiiiice 19-21
Figure 19-7. C-D Road Weaving Section LENGtN ..o 19-21
Figure 19-8. lllustrative RamP TerMINGIS. .........coviiiiiiii i 19-22
Figure 19-9. EXit RAMP SKEW ANGIE.......oiiiii e 19-23
Figure 19-10. lllustrative Ramp Segments and Ramp Terminals ..........ccoocoooiiiiiiiiiiiiiec e 19-26

Figure 19-11. Graphical Form of the SPFs for Multiple-Vehicle Crashes on
Entrance Ramp SEgmMENTS ... 19-30

Figure 19-12. Graphical Form of the SPFs for Multiple-Vehicle Crashes on
EXit RAMP SEGMENTS ...t 19-30

Figure 19-13. Graphical Form of the SPFs for Single-Vehicle Crashes on
Entrance Ramp SEgMENTS ... 19-33

Figure 19-14. Graphical Form of the SPFs for Single-Vehicle Crashes
0N EXit RAMP SEGMENTS ..ottt 19-33

Figure 19-15. Graphical Form of the SPF for Crashes at Signalized Ramp
Terminals—Three-Leg Terminal at Two-Quadrant
Partial Cloverleaf A or B (A2, B2) ..o 19-39

Figure 19-16. Graphical Form of the SPF for Crashes at Signalized Ramp
Terminals—Three-Leg Terminal with Diagonal Exit Ramp
or Four-Leg Terminal at Four-Quadrant Partial Cloverleaf A (D3ex, A4)...................... 19-39

© 2014 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.

xi



Figure 19-17.

Figure 19-18.

Figure 19-19.

Figure 19-20.

Figure 19-21.

Figure 19-22.

Figure 19-23.

Figure 19-24.

Graphical Form of the SPF for Crashes at Signalized Ramp
Terminals—Three-Leg Terminal with Diagonal Entrance Ramp
or Four-Leg Terminal at Four-Quadrant Partial Cloverleaf B (D3en, B4).......c..c..c........ 19-40

Graphical Form of the SPF for Crashes at Signalized Ramp
Terminals—Four-Leg Terminal with Diagonal Ramps (D4)...........ccocovveiioiiriiiicn, 19-40

Graphical Form of the SPF Crashes at One-Way Stop-Controlled
Ramp Terminals—Three-Leg Terminal at Two-Quadrant
Partial Cloverleaf A or B (A2, B2) ..o oo 19-43

Graphical Form of the SPF Crashes at One-Way Stop-Controlled
Ramp Terminals—Three-Leg Terminal with Diagonal Exit Ramp
or Four-Leg Terminal at Four-Quadrant parclo A (D3€X, A4) ........ccceiiviiviiiiiiiei 19-43

Graphical Form of the SPF Crashes at One-Way Stop-Controlled
Ramp Terminals—Three-Leg Terminal with Diagonal Entrance
Ramp or Four-Leg Terminal at Four-Quadrant
Partial Cloverleaf B (D3€N, B4).........cc..oo oo 19-44

Graphical Form of the SPF Crashes at One-Way Stop-Controlled
Ramp Terminals—Four-Leg Terminal with Diagonal

RAMPS (D) ..o 19-44
Effective Number of Lanes for Various Exit Ramp

CONFIGUIATIONS ... 19-56
Starting Location for Ramp and C-D Road Combinations...........cc.ccoeviiiiiiiiiiiieiiee 19-66

APPENDIX B—SPECIALIZED PROCEDURES COMMON TO CHAPTERS 18 AND 19

Figure B-1. Determination of the Appropriate Variation of the EB Method.

Figure B-2. Definition of Freeway Segments and Speed-Change Lanes ..........ccccocovvviiviiiciiiiciiee

Xii

© 2014 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



List of Tables

CHAPTER 18—PREDICTIVE METHOD FOR FREEWAYS

Table 18-1. Urban Freeway SEgmMENt SPFS ........oiiiiiiiiii oo 18-3
Table 18-2. Urban Freeway Speed-Change Lane SPFS ... ..o 18-4
Table 18-3. Freeway Safety Performance FUNCHIONS...........cooiiiiiiiiiiii i 18-24
Table 18-4. Applicable AADT Volume Ranges fOr SPFS........c.oiiiiiiiiieieeecie e 18-24
Table 18-5. SPF Coefficients for Multiple-Vehicle Crashes on Freeway Segments...........cccccovveeiirrenenn. 18-26
Table 18-6. Default Distribution of Multiple-Vehicle Crashes by Crash Type

fOr FrE@WAY SEOMENTS. ... it 18-27
Table 18-7. SPF Coefficients for Single-Vehicle Crashes on Freeway Segments ..........cccccovvevieriiirenenn. 18-28
Table 18-8. Default Distribution of Single-Vehicle Crashes by Crash Type for

Fre@WaY SEOMENTS ...t 18-29
Table 18-9. SPF Coefficients for Ramp-Entrance-Related Crashes in

SPEEA-ChaNGE LANES ... 18-30
Table 18-10. Default Distribution of Ramp-Entrance-Related Crashes by Crash Type ........cccoceevvirrenen. 18-32
Table 18-11. SPF Coefficients for Ramp-Exit-Related Crashes in Speed-Change Lanes.................c........ 18-33
Table 18-12. Default Distribution of Ramp-Exit-Related Crashes by Crash Type .........c..ccoovveieiiiirennn. 18-34
Table 18-13. Freeway Crash Modification Factors and their Corresponding SPFS..........cccocoiiiiiinnnae 18-35
Table 18-14. Coefficients for Horizontal Curve CMF-Freeway SEgments............cccocvevvveievieiieiieeen, 18-36
Table 18-15. Coefficients for Lane Width CMF-Freeway SEgmMeNts..........ccoioiiiiiiiiiiiiiieiiee e 18-37
Table 18-16. Coefficients for Inside Shoulder Width CMF-Freeway Segments...........c..ccovvvieriiirennnn. 18-37
Table 18-17. Coefficients for Median Width CMF-Freeway SEgMeNts ...........ccooveviviieiiiieiiiieeee, 18-38
Table 18-18. Coefficients for Median Barrier CMF—Freeway SEgMENTS..........ccoccvoiiiiriiiaiiiiiice 18-39
Table 18-19. Coefficients for High Volume CMF-Freeway Segments...........cccecveviveiiiiiiiiieiieieeee, 18-40
Table 18-20. Coefficients for Lane Change CMF-Freeway SEgMENTS .........cceoviiiiiiiiiiiiiieiiaieeiee 18-42
Table 18-21. Coefficients for Outside Shoulder Width CMF-Freeway Segments............cccccoovveviiriennnn. 18-43
Table 18-22. Coefficients for Outside Barrier CMF-Freeway SEgMENtS...........ccooovvvviiieiiieiieieeee, 18-45
Table 18-23. Coefficients for Horizontal Curve CMF-Speed-Change Lanes.............ccoovveiiiiiiceicnnnae, 18-45
Table 18-24. Coefficients for Inside Shoulder Width CMF-Speed-Change Lanes.............cccccceevveeeennen. 18-46
Table 18-25. Coefficients for Median Width CMF-Speed-Change Lanes...........ccccoovvviiiaiiiiiiiee, 18-47
Table 18-26. Coefficients for Median Barrier CMF-Speed-Change Lanes ...........cccccovveiiiiiiiiiiice, 18-48
Table 18-27. Coefficients for High Volume CMF-Speed-Change Lanes ..............cccocvevvveieieeieieeee. 18-48
Table 18-28. Coefficients for Ramp Entrance CMF-Speed-Change Lanes...........cccocvvviiiiiiniaiiiice, 18-49
Table 18-29. Coefficients for Ramp Exit CMF-Speed-Change Lanes............cccccvovvviiviiiiiieeieieeee 18-50
Table 18-30. SDF Coefficients for Freeway Segments and Speed-Change Lanes............cccocvvveerirnannn. 18-55
Table 18-31. List of SAMPIE ProBIEMS .......oiiiiiiii e 18-58
Table 18-32. Freeway Segment Worksheet (1 of 4)—Sample Problem 1 ... 18-66
Table 18-33. Freeway Segment Worksheet (2 of 4)—Sample Problem 1 ... 18-67
Table 18-34. Freeway Segment Worksheet (3 of 4)—Sample Problem 1 ...........ccooiiiiiiiiiii 18-68
Table 18-35. Freeway Segment Worksheet (4 of 4)—Sample Problem 1 .........ccooooiiiiiiiiiiii 18-69
Table 18-36. Freeway Segment Worksheet (1 of 4)—Sample Problem 2 ... 18-79
Table 18-37. Freeway Segment Worksheet (2 of 4)—Sample Problem 2 ............cccoccooiiiiiiiiii 18-80

© 2014 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.

xiii



Table 18-38. Freeway Segment Worksheet (3 of 4)—Sample Problem 2 ... 18-81

Table 18-39. Freeway Segment Worksheet (4 of 4)—Sample Problem 2 ... 18-82
Table 18-40. Freeway Speed-Change Lane Worksheet (1 of 3)—Sample Problem 3 ............ccccooeen 18-88
Table 18-41. Freeway Speed-Change Lane Worksheet (2 of 3)—Sample Problem 3 ..........c...cccooiienn. 18-89
Table 18-42. Freeway Speed-Change Lane Worksheet (3 of 3)—Sample Problem 3 ............ccoovivienn. 18-90
Table 18-43. Freeway Speed-Change Lane Worksheet (1 of 3)—Sample Problem 4 ...................c.... 18-96
Table 18-44. Freeway Speed-Change Lane Worksheet (2 of 3)—Sample Problem 4 .............ccccooeeee. 18-97
Table 18-45. Freeway Speed-Change Lane Worksheet (3 of 3)—Sample Problem 4 ................c..ccooo.. 18-98
Table 18-46. Freeway Segment Worksheet (1 of 4)—Sample Problem 5 ..........c.coociiiiiiiiiiiiiie 18-101
Table 18-47. Freeway Segment Worksheet (2 of 4)—Sample Problem 5 .........c.ccoooviiiiiiiiiiicn, 18-102
Table 18-48. Freeway Segment Worksheet (3 of 4)—Sample Problem 5 ... 18-103
Table 18-49. Freeway Segment Worksheet (4 of 4)—Sample Problem 5 .........ccocooiiiiiiiiiii, 18-104
Table 18-50. Project-Level EB Method Worksheet (1 of 2)—Sample Problem 6 ..............ccccoocoeeiiinn. 18-109
Table 18-51. Project-Level EB Method Worksheet (2 of 2)—Sample Problem 6 ... 18-110
Table 18A-1. Freeway Segment Worksheet (1 of 4) ... C18-111
Table 18A-1. Freeway Segment Worksheet (2 of 4) ... 18-112
Table 18A-1. Freeway Segment Worksheet (3 of 4) ... 18-113
Table 18A-1. Freeway Segment Worksheet (4 of 4) .................. ... 18-114
Table 18A-2. Freeway Speed-Change Lane Worksheet (1 0f 3) ..o 18-115
Table 18A-2. Freeway Speed-Change Lane Worksheet (2 0f 3) .......cccoiiiiiiiiiii 18-116
Table 18A-2. Freeway Speed-Change Lane Worksheet (3 0f 3) .......cooiiiiiiiiii 18-117
Table 18A-3. Freeway Barrier WOrKSNEET ...........ouiiiiiiiiiiii it 18-118
Table 18A-4. Project-Level EB Method Worksheet (1 0f 2) .......oooiiiiiiece e 18-119
Table 18A-4. Project-Level EB Method Worksheet (2 0f 2) .......oooiiiiiiiiiiiiieeee 18-120
CHAPTER 19—PREDICTIVE METHOD FOR RAMPS
Table 19-1. Urban Ramp and Collector-Distributor Road Segment SPFS..........ccccoiiiiiiiiiiiiiieiee 19-5
Table 19-2. Urban Crossroad Ramp Terminal SPFs for Three-Leg Terminals with a

Diagonal EXit RAMIP .....eiiiiiii e 19-6
Table 19-3. Ramp Safety Performance FUNCHIONS ..........ccooiiiiiiiiiii i 19-28
Table 19-4. Applicable AADT Volume Ranges for RamMp SPFS ..........coooviiiiiiiiiiiceee e, 19-29
Table 19-5. SPF Coefficients for Multiple-Vehicle Crashes on Ramp Segments ..........ccoceviiiiiiiiennn. 19-30

Table 19-6. Default Distribution of Multiple-Vehicle Crashes by Crash Type for
Ramp and C-D Road SEgMENtS .......c.ooiviiiiiiiiiieciece e

Table 19-7. SPF Coefficients for Multiple-Vehicle Crashes on C-D Road Segments ..

Table 19-8. SPF Coefficients for Single-Vehicle Crashes on Ramp Segments..........ccoocooviiiiiiiiiieees.
Table 19-9. Default Distribution of Single-Vehicle Crashes by Crash Type for Ramp

aNd C-D ROAA SEGMENTS ...t 19-34
Table 19-10. SPF Coefficients for Single-Vehicle Crashes on C-D Road Segments...........ccccoecvririnennae 19-35
Table 19-11. Applicable AADT Volume Ranges for Crossroad Ramp Terminal SPFS..............ccoovevrennn. 19-36

Table 19-12. SPF Coefficients for Crashes at Signalized Ramp Terminals-Three-Leg
Terminal at Two-Quadrant Partial Cloverleaf A or B (A2, B2) ..c.oooiiiiieiiiiiiiiiieee 19-37

Table 19-13. SPF Coefficients for Crashes at Signalized Ramp Terminals—Three-Leg
Terminal with Diagonal Exit Ramp or Four-Leg Terminal at
Four-Quadrant Partial Cloverleaf A (D3eX, A4).......cccoiiiiiiiiiiiieiiee et 19-38

Table 19-14. SPF Coefficients for Crashes at Signalized Ramp Terminals—Three-Leg
Terminal with Diagonal Entrance Ramp or Four-Leg Terminal at
Four-Quadrant Partial Cloverleaf B (D3N, B4) ......c..oooiieeiieeeeeeeeee e 19-38

Xiv
© 2014 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



Table 19-15.

Table 19-16.

Table 19-17.

Table 19-18.

Table 19-19.

Table 19-20.

Table 19-21.

Table 19-22.
Table 19-23.

Table 19-24.
Table 19-25.
Table 19-26.
Table 19-27.
Table 19-28.
Table 19-29.
Table 19-30.
Table 19-31.
Table 19-32.
Table 19-33.
Table 19-34.
Table 19-35.
Table 19-36.
Table 19-37.
Table 19-38.
Table 19-39.

Table 19-40.

Table 19-41.

Table 19-42.
Table 19-43.
Table 19-44.
Table 19-45.

Table 19-46.
Table 19-47.
Table 19-48.

SPF Coefficients for Crashes at Signalized Ramp Terminals—Four-Leg
Terminal with Diagonal RampPs (D4).......ccuooiiiiiiiiieieeie e 19-39

Default Distribution of Signal-Controlled Ramp Terminal
Crashes by Crash TYPE ..o 19-41

SPF Coefficients for Crashes at One-Way Stop-Controlled Ramp
Terminals—Three-Leg Terminal at Two-Quadrant
Partial Cloverleaf A or B (A2, B2)......ccioiiiiiiioe oo 19-42

SPF Coefficients for Crashes at One-Way Stop-Controlled Ramp
Terminals—Three-Leg Terminal with Diagonal Exit Ramp or
Four-Leg Terminal at Four-Quadrant Partial Cloverleaf A (D3ex, Ad)........ccccccceevveeninnn. 19-42

SPF Coefficients for Crashes at One-Way Stop-Controlled Ramp
Terminals—Three-Leg Terminal with Diagonal Entrance Ramp

or Four-Leg Terminal at Four-Quadrant Partial Cloverleaf B (D3en, B4)...........c..cccoo... 19-42
SPF Coefficients for Crashes at One-Way Stop-Controlled Ramp

Terminals—Four-Leg Terminal with Diagonal Ramps (D4).........ccccooviiiiiiiiiiiiiici 19-43
Default Distribution of One-Way Stop-Controlled Ramp Terminal

Crashes bY Crash TYPE ..ot 19-45
Ramp Segment Crash Modification Factors and their Corresponding SPFs....................... 19-45
Crossroad Ramp Terminal Crash Modification Factors and

their CorreSPONMING SPFS .......oiiiiiiie it 19-46
Coefficients for Horizontal Curve CMF-Ramp and C-D Road Segments...............ccccoev... 19-47
Coefficients for Lane Width CMF-Ramp and C-D Road Segments...........cccoveiereiiiennn. 19-48
Coefficients for Right Shoulder Width CMF-Ramp and C-D Road Segments................... 19-49
Coefficients for Left Shoulder Width CMF-Ramp and C-D Road Segments...................... 19-49
Coefficients for Right Side Barrier CMF-Ramp and C-D Road Segments ..............cccccocue... 19-50
Coefficients for Left Side Barrier CMF-Ramp and C-D Road Segments .............c..cccceevn. 19-51
Coefficients for Lane Add or Drop CMF-Ramp and C-D Road Segments .............ccccoeuee. 19-52
Coefficients for Weaving Section CMF—C-D Road SegMeNnts.........cccocvevvivviviriiaieiiennn 19-53
Coefficients for Exit Ramp Capacity CMF—Crossroad Ramp Terminals...............cc..cc.o..... 19-55
Coefficients for Crossroad Left-Turn Lane CMF—Crossroad Ramp Terminals.................... 19-57
Coefficients for Crossroad Right-Turn Lane CMF—Crossroad Ramp Terminals.................. 19-58
Coefficients for Access Point Frequency CMF—Crossroad Ramp Terminals ...................... 19-59
Coefficients for Segment Length CMF—Crossroad Ramp Terminals..............cccocvoveeiennenn 19-60
Coefficients for Median Width CMF—Crossroad Ramp Terminals............cccovvviiiiiiinns 19-61
Coefficients for Protected Left-Turn Operation CMF—Crossroad Ramp Terminals ............ 19-62
Coefficients for Channelized Right Turn on Crossroad CMF—Crossroad

RAMP TOIMINGIS. ... 19-63
Coefficients for Channelized Right Turn on Exit Ramp CMF—Crossroad

RAMP TOIMINGIS. ... 19-64
Coefficients for Non-Ramp Public Street Leg CMF—Crossroad

RAMP TOIMINAIS. ... 19-65
Input Data for Ramp Curve Speed PrediCtion...........cocooiiiiiiie e 19-67
SDF Coefficients for RamMpP SEGMENTS ......oviiiiiiiiiiii e 19-74
SDF Coefficients for Crossroad Ramp TerminalS.............ccoovooiiiiiiiiiiiieeeeeee e 19-76
Default Distribution of All-Way Stop-Controlled Ramp Terminal

Crashes DY Crash TYPE ..o 19-78
List of SAMPIE ProBIEMS ... 19-80
Ramp Segment Worksheet (1 of 4)—Sample Problem 1 ............cccoooiiiiiiiiiiieee 19-88
Ramp Segment Worksheet (2 of 4)—Sample Problem 1 ... 19-89

© 2014 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.

XV



Table 19-49.
Table 19-50.
Table 19-51.
Table 19-52.
Table 19-53.
Table 19-54.
Table 19-55.
Table 19-56.
Table 19-57.
Table 19-58.
Table 19-59.
Table 19-60.
Table 19-61.
Table 19-62.
Table 19-63.
Table 19-64.
Table 19-65.
Table 19-66.
Table 19-67.
Table 19-68.
Table 19-69.
Table 19-70.
Table 19-71.
Table 19A-1.
Table 19A-1
Table 19A-1
Table 19A-1
Table 19A-2
Table 19A-3
Table 19A-3
Table 19A-3
Table 19A-3

Ramp Segment Worksheet (3 of 4
Ramp Segment Worksheet (4 of 4
Ramp Segment Worksheet (1 of 4
Ramp Segment Worksheet (2 of 4
Ramp Segment Worksheet (3 of 4
Ramp Segment Worksheet (4 of 4
Ramp Segment Worksheet (1 of 4
Ramp Segment Worksheet (2 of 4
Ramp Segment Worksheet (3 of 4
Ramp Segment Worksheet (4 of 4
Ramp Barrier Worksheet—Sample Pr
Ramp Terminal Worksheet (1 of 4)—
Ramp Terminal Worksheet (2 of 4)—
Ramp Terminal Worksheet (3 of 4)—
Ramp Terminal Worksheet (4 of 4)—
Ramp Terminal Worksheet (1 of 4)—
Ramp Terminal Worksheet (2 of 4)—
Ramp Terminal Worksheet (3 of 4)—
Ramp Terminal Worksheet (4 of 4)—
Ramp Terminal Worksheet (1 of 4)—
Ramp Terminal Worksheet (2 of 4)—
Ramp Terminal Worksheet (3 of 4)—
Ramp Terminal Worksheet (4 of 4)—
Ramp Segment Worksheet (1 of 4)..
. Ramp Segment Worksheet (2 of 4)

(3 of 4)
. Ramp Segment Worksheet (4 of 4)

. Ramp Segment Worksheet

. Ramp Barrier Worksheet

. Ramp Terminal Worksheet (1 of 4)
(2 of 4)
(
(

. Ramp Terminal Worksheet

. Ramp Terminal Worksheet (3 of 4)

. Ramp Terminal Worksheet (4 of 4)

)_
)_
)_
)_
)_
)_
)_
)_
)_
)_

Sample Problem 1 ... 19-90
Sample Problem 1 ... 19-91
Sample Problem 2 ... 19-98
Sample Problem 2 ..o 19-99
Sample Problem 2 ... 19-100
Sample Problem 2 ... 19-101
Sample Problem 3 ... 19-110
Sample Problem 3 ... 19-111
Sample Problem 3 .. ..o 19-112
Sample Problem 3 ... 19-113

0bleM 3.
Sample Problem 4
Sample Problem 4
Sample Problem 4
Sample Problem 4
Sample Problem 5
Sample Problem 5
Sample Problem 5
Sample Problem 5
Sample Problem 6
Sample Problem 6

Sample Problem 6

Sample Problem 6

APPENDIX B—SPECIALIZED PROCEDURES COMMON TO CHAPTERS 18 AND 19

Table B-1. Predictive Models in Chapters 18 and 19 that Need Calibration ..............cccoocoiiiiiiiiiii. B-3
Table B-2. Data Needs for Calibration of Chapter 18 and 19 Predictive Models.............cccccoviiiiiiiiiennn. B-5
Table B-3. Crash Distributions in Chapter 18 and 19 Predictive Models That May Be

Calibrated to Local CONAIIONS. ......c.viiiiiieiei e B-10

XVi

© 2014 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



Preface to the Highway Safety Manual Supplement

Throughout the development of the first edition of the Highway Safety Manual, the researchers and practitioners
involved in the process recognized that all of the material desired for the HSM would not be ready for publication
in the first edition in 2010. Even before the first edition was on press, research had begun to develop additional
materials for eventual inclusion in later editions of the HSM.

This supplement to the HSM contains two chapters presenting predictive models for freeway and interchange
facilities, similar to the models contained in Part C of the first edition. These chapters are published as a supplement
to allow users access to these materials prior to publication of the next edition. As with the full first edition of the
HSM, these chapters have been formally approved by the AASHTO committees and subcommittees involved in the
development as well as the Board of Directors. The considerations and cautions discussed in the Preface of the first
edition also apply to this supplement.

Under National Cooperative Highway Research Program Project 17-45, the Texas A&M Transportation Institute
(James A. Bonneson, Principal Investigator) performed research to develop the models and information in this
supplement and prepared the text of these chapters. The volunteers of the AASHTO Subcommittee on Safety
Management Task Group on Technical Safety Publication Oversight and Outreach and of the Transportation Re-
search Board Highway Safety Performance Committee, supported by members of the AASHTO Subcommittees on
Design and Traffic Engineering, contributed their technical expertise and input to the NCHRP panel to help ensure
the materials meet the needs of the researchers and practitioners who use the HSM.
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