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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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Chapter 18—Predictive Method for Freeways

18.1. INTRODUCTION
This chapter presents the predictive method for freeways. A general introduction to the Highway Safety Manual
(HSM) predictive method is provided in Part C—Introduction and Applications Guidance.

The predictive method for freeways provides a structured methodology to estimate the expected average crash
frequency (in total, by crash type, or by crash severity) for a freeway with known characteristics. Crashes involv-
ing vehicles of all types are included in the estimate. The predictive method can be applied to an existing freeway, a
design alternative for an existing freeway, a new freeway, or for alternative traffic volume projections. An estimate
can be made of expected average crash frequency for a prior time period (i.e., what did or would have occurred) or
a future time period (i.e., what is expected to occur). The development of the predictive method in this chapter is
documented by Bonneson et al. (1).

This chapter presents the following information about the predictive method for freeways:

m A concise overview of the predictive method.

Definitions of the facility types and site types addressed by the predictive method.

A step-by-step description of the predictive method.

Details for dividing a freeway facility into individual evaluation sites.

Safety performance functions (SPFs) for freeways.

Crash modification factors (CMFs) for freeways.

Severity distribution functions (SDFs) for freeways.

m Limitations of the predictive method.

Sample problems illustrating the application of the predictive method.

18.2. OVERVIEW OF THE PREDICTIVE METHOD

The predictive method provides an 18-step procedure to estimate the expected average crash frequency (in total, by
crash type, or by crash severity) for a roadway network, facility, or site. A site is a freeway segment or a freeway
speed-change lane. A freeway speed-change lane is an uncontrolled terminal between a ramp and a freeway. A facil-
ity consists of a contiguous set of individual sites. A facility is defined by the surrounding land use, roadway cross
section, and degree of access. A roadway network consists of a number of contiguous facilities.
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18-2 HIGHWAY SAFETY MANUAL SUPPLEMENT

The predictive method is used to estimate the expected number of crashes for an individual site. This estimate can
be summed for all sites to compute the expected number of crashes for the entire facility or network. The estimate
represents a given time period of interest (in years) during which the geometric design and traffic control features
are unchanged and traffic volumes are known or forecasted. The expected average crash frequency is obtained by
dividing the expected number of crashes by the number of years during the time period of interest. The estimate is
obtained by combining the prediction from the predictive model with observed crash data using the Empirical Bayes
(EB) Method.

The predictive models used in this chapter are described in detail in Section 18.3. The variables that comprise the
predictive models include a series of subscripts to describe precisely the conditions to which they apply. These sub-
scripts are described in detail in later sections of this chapter. For this section, it is sufficient to use “place-holder”
subscripts such as w, x, y, z, and m. The subscript w is a place-holder for specific site-type subscripts that define the
equation’s application (e.g., it is replaced with “/s”” when needed to indicate that the equation applies to a freeway
segment). Similarly, x is a place-holder for segment cross-section subscripts, y is a place-holder for crash-type sub-
scripts, z is a place holder for crash severity, and m is a place-holder for a specific geometric design or traffic control
feature.

The predictive models used in this chapter to determine the predicted average crash frequency are of the general
form shown in Equation 18-1.

Ny =Nopoo . X (CME,, XCMF,,  .x..xCMF, . )xC,, . (18-1)
Where:
A = predicted average crash frequency for a specific year for site type w, cross section or control type
x, crash type y, and severity z (crashes/yr);
P = predicted average crash frequency determined for base conditions of the SPF developed for site
‘ type w, cross section or control type x, crash type y, and severity z (crashes/yr);
CMF, . ... = crash modification factors specific to site type w, cross section or control type x, crash type y, and

severity z for specific geometric design and traffic control feature m; and

= calibration factor to adjust SPF for local conditions for site type w, cross section or control type x,
crash type y, and severity z.

WX,z

The predictive models provide estimates of the predicted average crash frequency in total, by crash type, or by

crash severity. A default distribution of crash type is included in the predictive method. It is used with the predictive
models to quantify the crash frequency for each of several crash types. The models predict fatal-and-injury crash
frequency and property-damage-only crash frequency. A severity distribution function is available to further quantify
the crash frequency by the following severity levels: fatal, incapacitating injury, non-incapacitating injury, and pos-
sible injury.

18.3. FREEWAYS—DEFINITIONS AND PREDICTIVE MODELS
This section provides the definitions of the facility and site types discussed in this chapter. It also describes the pre-
dictive models for each of the site types.

18.3.1. Definition of Freeway Facility and Site Types
The predictive method in this chapter applies to the following freeway facilities:

m rural freeway segment with four to eight lanes,
m urban freeway segment with four to ten lanes, and

m freeway speed-change lanes associated with entrance ramps and exit ramps.
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Freeways have fully-restricted access control and grade separation with all intersecting roadways. Freeways are
accessed only through grade-separated interchanges. Roads having at-grade access should be analyzed as rural high-
ways or urban or suburban arterials. These facility types are addressed in Chapters 10, 11, and 12.

The terms “freeway” and “road” are used interchangeably in this chapter and apply to all freeways independent of
official state designation or local roadway designation.

Classifying an area as urban, suburban, or rural is subject to the roadway characteristics, surrounding population,
and surrounding land uses, and is at the analyst’s discretion. In the HSM, the definition of “urban” and “rural” areas
is based on Federal Highway Administration (FHWA) guidelines which classify “urban” areas as places inside urban
boundaries where the population is greater than 5,000 persons. “Rural” areas are defined as places outside urban
areas where the population is less than 5,000 persons. The HSM uses the term “suburban” to refer to outlying por-
tions of an urban area; the predictive method does not distinguish between urban and suburban portions of a devel-

oped area.

Table 18-1 identifies the urban freeway segment configurations for which SPFs have been developed. A second

set of SPFs have been developed for rural freeway segments with four, six, or eight lanes (they are not shown in
the table, but use the same nomenclature). The SPFs are used to estimate the predicted average crash frequency by
crash type and crash severity. These estimates are added to yield the total predicted average crash frequency for an
individual site. The predictions include both travel directions combined.

Table 18-1. Urban Freeway Segment SPFs

Site Type (w) Cross Section (x) * Crash Type (v) Crash Severity () SPF
Freeway segments  Four-lane divided (4) Multiple vehicle (mv) Fatal and injury (f7) N st mp
() Property damage only (pdo) N)_‘va 5.4, o pdo
Single vehicle (sv) Fatal and injury (f7) N
Property damage only (pdo) Nw 5.4, 5% pdo
Six-lane divided (6) Multiple vehicle (mv) Fatal and injury (f7) va/, £ 6,
Property damage only (pdo) N, D15 6.3 pdo
Single vehicle (sv) Fatal and injury (f7) Nsp/, 56
Property damage only (pdo) va/. 5 6 5% pdo
Eight-lane divided (8) Multiple vehicle (mv) Fatal and injury (fi) N5 mp
Property damage only (pdo) N, D15 8. pdo
Single vehicle (sv) Fatal and injury (f7) pr/, 58 s
Property damage only (pdo) N)_‘va 5.8, 5w pdo
Ten-lane divided (/0) Multiple vehicle (mv) Fatal and injury (fi) N 10 ms
Property damage only (pdo) N, o1 5,10, v o
Single vehicle (sv) Fatal and injury (f7) Nw 15,10, 5.
Property damage only (pdo) N.

spf. 5. 10, s, pdo

*The term “divided” indicates that opposing directions of travel are separated by use of a non-traversable median (i.e., a
depressed median, a depressed median with barrier, or a flush-paved median with barrier).

The freeway segment is defined as follows:

m Four-lane freeway segment (4)—a length of roadway consisting of four through lanes with a continuous cross
section providing two directions of travel in which the opposing travel lanes are physically separated by either
distance or a barrier.

© 2014 by the American Association of St
All rights reserved. Duplication

Full document details: AASHTO HSM-1S-2014

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/aashto-hsm-1s-2014
http://www.avadocuments.com/doc/aashto-hsm-1s-2014

18-4 HIGHWAY SAFETY MANUAL SUPPLEMENT

m Six-lane freeway segment (6)—a length of roadway consisting of six through lanes with a continuous cross section
providing two directions of travel in which the opposing travel lanes are physically separated by either distance or
a barrier.

m FEight-lane freeway segment (8§)—a length of roadway consisting of eight through lanes with a continuous cross
section providing two directions of travel in which the opposing travel lanes are physically separated by either
distance or a barrier.

m Ten-lane freeway segment (10)—a length of roadway consisting of ten through lanes with a continuous cross
section providing two directions of travel in which the opposing travel lanes are physically separated by either
distance or a barrier.

Table 18-2 identifies the urban speed-change lane configurations for which SPFs have been developed. A second set
of SPFs have been developed for rural speed-change lanes with four, six, or eight lanes (they are not shown in the
table, but use the same nomenclature). The SPFs are used to estimate the predicted average crash frequency by crash
severity. These estimates are added to yield the total predicted average crash frequency for an individual site.

Table 18-2. Urban Freeway Speed-Change Lane SPFs

Site Type (w) Cross Section (x) Crash Type () Crash Severity () SPF

Speed-change lanes Ramp entrance to four-lane All types (at) Fatal and injury (fi) N e amvap

(s¢) divided (4£N) Property damage only (pdo) NW s AEN, at,pdo
Ramp entrance to six-lane All types (af) Fatal and injury (f7) [
divided (6EN) Property damage only (pdo) N, o s, GEN,at.pdo
Ramp entrance to eight-lane All types (at) Fatal and injury (fi) Nw_ o SEN, at f
divided (SEN) Property damage only (pdo) Nw e SEN, at, pdo
Ramp entrance to ten-lane All types (at) Fatal and injury (f7) N e 108N, at s
divided (10EN) Property damage only (pdo) va/, s 10EN, at, pdo
Ramp exit from four-lane All types (at) Fatal and injury (f7) N e ik g
divided (4£X) Property damage only (pdo) N)_‘va e 4EX.at,pdo
Ramp exit from six-lane All types (at) Fatal and injury (f7) N e 685 g
divided (6£X) Property damage only (pdo) Nw e, 6EX. at,pdo
Ramp exit from eight-lane All types (at) Fatal and injury (f7) N s e 8% atf
divided (8£X) Property damage only (pdo) pr s, SEX. at pdo
Ramp exit from ten-lane All types (at) Fatal and injury (fi) N e 1055 anp
divided (10EX) Property damage only (pdo) N

spf, sc, 10EX, at, pdo

The speed-change lane cross section is defined as a ramp entrance (nEN) or ramp exit (n£X) with n lanes. The vari-
able 7 is used to describe the number of through lanes in the portion of freeway adjacent to the speed-change lane
plus those freeway lanes in the opposing travel direction. This approach to describing the speed-change lane cross
section is used for consistency with that used for freeway segment SPFs. The variable 7 is not intended to describe
the number of lanes in the speed-change lane.

18.3.2. Predictive Model for Freeway Segments

In general, a predictive model is used to compute the predicted average crash frequency for a site. It combines the
SPF, CMFs, and a calibration factor. The predicted quantity can describe crash frequency in total, by crash type, or
by crash severity. This section describes the predictive model for freeway segments. The next section describes the
predictive model for speed-change lanes.
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CHAPTERS 18—Predictive Method for Freeways 18-5

The predictive model for freeway segments is used to estimate the predicted average frequency of segment crashes
(i.e., the estimate does not include speed-change-lane-related crashes). Speed-change-lane-related crashes are de-
fined in Section 18.3.3 and estimated using the predictive method described in that section.

The predictive model for freeway segments is presented in Equation 18-2. This equation consists of four terms,
where each of Equation 18-3 to Equation 18-6 correspond to one term.

Np, Somat,as Np, frnmo, i T Np, fansvpi T Np,ﬁ-,n,mv,nd” T Ni”f“"”v““’”’” (152
Np,fs,n,mv,fl = C/S,ac,mv,ﬁ X Nspf',ﬁ,n,mv,ﬁ X (CMFI,f&,ac,mV,ﬁ XX C m,/s,ac,mv,ﬁ)
M (18-3)
X (CMF;,f&,ac,ai,_/i X... X CMFm,/s',ac,at,ﬁ )

Np,f.'t,n,.\'v,ﬁ = C/TY,QL’,.\‘V‘_/; X N\'pf,ﬁ',n,xv,ﬁ X <CME,f&,az’,.\‘V,ﬁ XX CMFm,ﬁ',uc,sv,/i) (18 4)
X (CME,ﬁ,az‘,m,/i X X CMF;n,ﬁ,ac,al,ﬁ )
Np,fs,n,mv,pdo = Cfs,ac,mv,pdo X Nspf. fs,n,mv, pdo X (Cm,fs,ac,mv,pdo XX CMFm,fs,ac,mv,pdo) (1 8 5)
X (Cm,ﬁ,ac,at,pdo XX CMFm,ﬁ,ac,at,pda )
Np,fs,n,.vv,pdo = C/é‘,ac,sv,pdu X Ns‘p/',‘/.'s,n,xv.pdo X (CMF{,‘/.S',ac,sv.pdo XL X CMFm, fS,ac‘,sv,pdo) (18 6)
X (CMFi,fY‘a(_‘,al,pdn XX CMFm,f.'\',ac‘at,pdo )
Where:
= predicted average crash frequency of a freeway segment with n lanes, crash type y (y = sv: single
“ vehicle, mv: multiple vehicle, at: all types), and severity z (z = fi: fatal and injury, pdo: property
damage only, as: all severities) (crashes/yr);

[P = predicted average crash frequency of a freeway segment with base conditions, » lanes, crash type
vy (y = sv: single vehicle, mv: multiple vehicle, at: all types), and severity z (z =fi: fatal and injury,
pdo: property damage only) (crashes/yr);

CMF, .. = crash modification factor for a freeway segment with any cross section ac, feature m, crash type
v (v = sv: single vehicle, mv: multiple vehicle, at: all types), and severity z (z =fi: fatal and injury,
pdo: property damage only); and

5 ae - = calibration factor for freeway segments with any cross section ac, crash type y (y = sv: single

vehicle, mv: multiple vehicle, at: all types), and severity z (z =fi: fatal and injury, pdo: property
damage only).

Equation 18-2 shows that freeway segment crash frequency is estimated as the sum of four components: fatal-and-
injury multiple-vehicle crash frequency, fatal-and-injury single-vehicle crash frequency, property-damage-only
multiple-vehicle crash frequency, and property-damage-only single-vehicle crash frequency.

Different CMFs are used in Equation 18-3 to Equation 18-6. The first term in parentheses in each equation recog-
nizes that the influence of some features is unique to each crash type. In contrast, the second term in parentheses in
these equations recognizes that some features have a similar influence on all crash types. All CMFs are unique to
crash severity.
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18-6 HIGHWAY SAFETY MANUAL SUPPLEMENT

Equation 18-3 and Equation 18-4 are used to estimate the fatal-and-injury crash frequency. Equation 18-5 and Equa-
tion 18-6 are used to estimate the property-damage-only crash frequency.

The SPFs for freeway segments are presented in Section 18.6.1. The associated CMFs are presented in Section
18.7.1. Similarly, the associated SDFs are presented in Section 18.8. A procedure for establishing the value of the
calibration factor is described in Section B.1 of Appendix B .

18.3.3. Predictive Model for Freeway Speed-Change Lanes

The predictive model for speed-change lanes is used to compute the predicted average crash frequency for a speed-
change lane. Speed-change-related crashes include all crashes that are located between the gore point and the taper
point of a speed-change lane and that involve vehicles (a) in the speed-change lane or (b) in the freeway lanes on the
same side of the freeway as the speed-change lane.

The predictive model for ramp entrance speed-change lanes is presented in Equation 18-7. This equation consists of
two terms, where each of Equation 18-8 and Equation 18-9 correspond to one term.

Np,.vc,nEN,at,a.v = Np,sz‘,nEN,at,ﬁ + Np,sc,nEN,at,pdu (18_7)
Np,sc,nEN,aI,ﬁ = Csc,EN,m‘,ﬁ X Nspf, sc,nEN ,at, fi X (Cm,sc,nEN,at,ﬁ XX CWm,sc,nEN,at,ﬁ )
(18-8)
X (CMFI,sc,ac,at,ﬁ X... X Cmn,sc,ac,ar,ﬁ )
Np,.vc,nEN,at,pdo = Cs‘c,EN,at,pdu X Nsp/ ,sc,nEN ,at, pdo X <CME,.vc',nEN,at,pdo X... X CMFm,.vc,nEN,at,pdn ) ( )
18-9
X CMF;,SL‘,(IC,(I[,])(/{) XX CMFm,xc,ac,at,pda )
Where:
eniva,. = bredicted average crash frequency of ramp entrance speed-change lane on a freeway with 7 lanes,

all crash types at, and severity z (z =fi: fatal and injury, pdo: property damage only, as: all severi-
ties) (crashes/yr);

= predicted average crash frequency of a ramp entrance speed-change lane on a freeway with base
conditions, n lanes, all crash types at, and severity z (z = fi: fatal and injury, pdo: property damage
only) (crashes/yr);

]Vspj,' sc, nEN, at, z

CMF, . ... = crashmodification factor for a speed-change lane with feature m, cross section x (x = nEN: ramp
entrance adjacent to a freeway with # lanes, nEX: ramp exit adjacent to a freeway with n lanes, ac:
any cross section), all crash types at, and severity z (z = fi: fatal and injury, pdo: property damage
only); and

= calibration factor for a ramp entrance speed-change lane with all crash types af and severity z
(z = fi: fatal and injury, pdo: property damage only).

sc¢, EN, at, z

The predictive model for ramp exit speed-change lanes is presented in Equation 18-10. This equation consists of two
terms, where each of Equation 18-11 and Equation 18-12 correspond to one term.

Np, sc,nEX ,at,as = Np,sc,nEX,ar,ﬁ + Np,sc,nEX,at,pdo (1 8'10)
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Np,xz\nEX,al‘_/i = CSL’,EX,LII,ﬁ X vaf, sc,nEX ,at, fi X (CMF;‘s'c,nEX,ut,ﬁ X... X CMFm,xc,nEX,at,ﬁ )
(18-11)
X CME,SC,uc,aI,ﬁ X... X CMFm,xc,ac,ul,ﬁ )
Np,sc,nEX,at,pdo = Csc,EX,at,pdo X Nspf, sc,nEX ,at, pdo X <CMFI,xc,nEX,a1,pdo X...X CMFm,sc,nEX,at,pdo )
(18-12)
X (CMFI,SC,HC,Gf,de XX CWm,sc,ac,ar,pdo )

Where:

= predicted average crash frequency of ramp exit speed-change lane on a freeway with # lanes, all
crash types at, and severity z (z = fi: fatal and injury, pdo: property damage only, as: all severities)
(crashes/yr);

p. sc, nEX, at, z

= predicted average crash frequency of a ramp exit speed-change lane on a freeway with base condi-
tions, n lanes, all crash types at, and severity z (z =fi: fatal and injury, pdo: property damage only)
(crashes/yr); and

spf. sc, nEX, at, z

= calibration factor for a ramp exit speed-change lane with all crash types at and severity z (z =fi:
fatal and injury, pdo: property damage only).

se, EX, at, z

Equation 18-7 and Equation 18-10 show that speed-change lane crash frequency is estimated as the sum of two compo-
nents: predicted average fatal-and-injury crash frequency and predicted average property-damage-only crash frequency.

Different CMFs are used in Equation 18-8, Equation 18-9, Equation 18-11, and Equation 18-12. The first term in
parentheses in each equation recognizes that the influence of some features is unique to each speed-change lane type.
In contrast, the second term in parentheses in these equations recognizes that some features have a similar influence on
both speed-change lane types. All CMFs are unique to crash severity.

The SPFs for speed-change lanes are presented in Section 18.6.2. The associated CMFs are presented in Section 18.7.2.
Similarly, the associated SDFs are presented in Section 18.8. A procedure for establishing the value of the calibration
factor is described in Section B.1 of Appendix B.

18.4. PREDICTIVE METHOD FOR FREEWAYS

This section describes the predictive method for freeways. It consists of two sections. The first section provides a
step-by-step description of the predictive method. The second section describes the geometric design features, traffic
control features, and traffic volume data needed to apply the predictive method.

18.4.1. Step-by-Step Description of the Predictive Method

The predictive method for freeways is shown in Figure 18-1. Applying the predictive method yields an estimate of
the expected average crash frequency (in total, by crash type, or by crash severity) for a freeway facility or network.
The predictive models described in this chapter are applied in Steps 9, 10, and 11 of the predictive method. The
information needed to apply each step is provided in this section.
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Step 1 | Define roadway limits and facility type. |
!
Step 2 | Define the period of study. |
Determine AADT and availability of crash data for
Step 3 ) ) .
every year in the period of interest.
Step 4 Determine geometric conditions.
Divide roadway into individual roadway segments
Step 5
and speed-change lanes.
Step 6 |Assign observed crashes to individual sites (if applicable).l
!
Step 7 —-| Select a roadway segment or speed-change lane. |
Step 8 —>| Select first or next year of the evaluation period. |
!
Step 9 | Select and apply SPF. |
Step 10 [ Apply CMFs. |
Step 11 | Apply a calibration factor. |
YES Is there
Step 12 another year?
Apply site-specific EB method (if applicable)
Step 13 and apply SDF.
YES Is there
Step 14 another site?
Step 15 Apply project-level EB method (if applicable)
and apply SDFs.
Step 16 Sum all sites and years. |
Is there
an alternative
Step 17 design, treatment, YES
or forecast AADT to
be evaluated?
Step 18 | Compare and evaluate results.

Figure 18-1. The HSM Predictive Method
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There are 18 steps in the predictive method. In some situations, certain steps will not be needed because data are not
available or the step is not applicable to the situation at hand. In other situations, steps may be repeated if an esti-
mate is desired for several sites or for a period of several years. In addition, the predictive method can be repeated as
necessary to undertake crash estimation for each alternative design, traffic volume scenario, or proposed treatment
option (within the same time period to allow for comparison).

The following discussion explains the details of each step of the method, as applied to freeways.

Step 1—Define the limits of the project.

A project can be a freeway network, a freeway facility, or a site. A site is either a speed-change lane or a homoge-
neous freeway segment. A site is further categorized by its cross section. A description of the specific site types is
provided in Section 18.3.1.

The project limits are defined in this step. They will depend on the purpose of the study. The study may be limited
to one specific site or to a group of contiguous sites. Alternatively, the limits can be expanded to include a very long
corridor for the purposes of network screening (as discussed in Chapter 4). For comparative analysis of design alter-
natives, the project limits should be the same for all alternatives.

The analyst should identify (or establish) a reference line for the freeway. This line is defined as the inside edge of
traveled way for the roadbed serving traffic moving in the increasing milepost direction. All lengths along the road-
way are determined using this line. The location of the reference line is shown in subsequent figures (e.g., Figure
18-6). Locations along this line are specified using a linear referencing system, and are identified using the label
“milepost X,” where the number for X has units of miles (e.g., milepost 1.4).

Step 2—Define the period of interest.

The study period is defined as the consecutive years for which an estimate of the expected average crash frequency
is desired. The crash period is defined as the consecutive years for which observed crash data are available. The
evaluation period is defined as the combined set of years represented by the study period and crash period. Every
year in the evaluation period is evaluated using the predictive method. All periods are measured in years.

If the EB Method is not used, then the study period is the same as the evaluation period. The EB Method is dis-
cussed in more detail in Step 3.

If the EB Method is used and the crash period is not fully included in the study period, then the predictive models
need to be applied to the study years plus each year of the crash period not represented in the study period. In this
situation, the evaluation period includes the study period and any additional years represented by the crash data but
not in the study period. For example, let the study period be defined as the years 2010, 2011, and 2012. If crash data
are available for 2008, 2009, and 2010, then the evaluation period is 2008, 2009, 2010, 2011, and 2012.

The study period can represent either a past time period or a future time period. Whether the predictive method is
used for a past or future period depends upon the purpose of the study. The study period may be:

m A past period for:

= An existing roadway network, facility, or site. If observed crash data are available, the study period is the pe-
riod of time for which the observed crash data are available and for which (during that period) the site geomet-
ric design features, traffic control features, and traffic volumes are known.

= An existing roadway network, facility, or site for which alternative geometric design or traffic control features
are proposed (for near-term conditions) and site traffic volumes are known.

m A future period for:

= An existing roadway network, facility, or site for a future period where forecast traffic volumes are available.
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= An existing roadway network, facility, or site for which alternative geometric design or traffic control features
are proposed and forecast traffic volumes are available.

= A new freeway network, facility, or site that does not currently exist but is proposed for construction and for
which forecast traffic volumes are available.

Step 3—For the study period, determine the availability of annual average daily traffic (AADT) volumes
and, for an existing project, the availability of observed crash data (to determine whether the EB Method is
applicable).

Traffic volume data are acquired in this step. Also, a decision is made whether the EB Method will be applied. If it
will be applied, then it must also be decided whether the site-specific or project-level EB Method will be applied. If
the EB Method will be applied, then the observed crash data are also acquired in this step.

Determining Traffic Volumes

The SPFs used in Step 9 (and some CMFs in Step 10) include annual average daily traffic (AADT) volume as a
variable. For a past period, the AADT volume may be determined by using automated recorder data or estimated by
a sample survey. For a future period, the AADT volume may be a forecast estimate based on appropriate land use
planning and traffic volume forecasting models.

For each freeway segment, the following five AADT values are required:
(1) the AADT volume of the freeway segment,

(2) the AADT volume of the nearest entrance ramp upstream of the segment for the increasing milepost travel
direction,

(3) the AADT volume of the nearest entrance ramp upstream of the segment for the decreasing milepost travel
direction,

(4) the AADT volume of the nearest exit ramp downstream of the segment for the increasing milepost travel
direction, and

(5) the AADT volume of the nearest exit ramp downstream of the segment for the decreasing milepost travel
direction.

For each ramp entrance speed-change lane, two values are required. They include the AADT volume of the freeway
segment and the AADT volume of the ramp.

For each ramp exit speed-change lane, only the AADT volume of the freeway segment is required. The AADT vol-
ume of the ramp is not needed.

The AADT volumes are needed for each year of the evaluation period. The AADT volume for a given year repre-
sents an annual average daily 24-hour traffic volume. The freeway segment AADT volume is a two-way volume
(i.e., the total of both travel directions). Each ramp AADT volume represents a one-way volume.

In many cases, it is expected that AADT data will not be available for all years of the evaluation period. In that case,
an estimate of AADT volume for each missing year is interpolated or extrapolated, as appropriate. If there is not an
established procedure for doing this, the following rules may be applied within the predictive method to estimate
the AADT volumes for years when such data are not available. If these rules are applied, the fact that some AADT
volumes are estimated should be documented with the analysis results.

m [f AADT volume is available for only a single year, that same volume is assumed to apply to all years of the
evaluation period.
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m [f two or more years of AADT data are available, the AADT volumes for intervening years are computed by inter-
polation.

m The AADT volumes for years before the first year for which data are available are assumed to be equal to the
AADT volume for that first year.

m The AADT volumes for years after the last year for which data are available are assumed to be equal to the AADT
volume for that last year.

Determining Availability of Observed Crash Data

Where an existing site (or an alternative condition for an existing site) is being considered, the EB Method can be
used to obtain a more reliable estimate of the expected average crash frequency. The EB Method is applicable when
crash data are available for the entire project or for its individual sites. Crash data may be obtained directly from the
jurisdiction’s crash report system. At least two years of crash data are desirable to apply the EB Method. The EB
Method (and criteria to determine whether the EB Method is applicable) is presented in Section B.2 in Appendix B.

The EB Method can be applied at the site-specific level or at the project level. At the site-specific level, crash data
are assigned to specific sites in Step 6. The site-specific EB Method is applied in Step 13. At the project level, crash
data are assigned to a group of sites (typically because they cannot be assigned to individual sites). The project-level
EB Method is applied in Step 15. In general, the best results will be obtained if the site-specific EB Method is used.
Guidance to determine whether the site-specific or project-level EB Method is applicable is presented in Section
B.2.2 in Appendix B.

Step 4—Determine geometric design features, traffic control features, and site characteristics for all sites in
the project limits.

A range of data is needed to apply a predictive model. These data are used in the SPFs and CMFs to estimate the
predicted average crash frequency for the selected site and year. These data represent the geometric design features,
traffic control features, and traffic demand characteristics that have been found to have some relationship to safety.
These data are needed for each site in the project limits. They are needed for the study period and, if applicable, the
crash period. The specific data, and means by which they are measured or obtained, is described in Section 18.4.2.

Step 5—Divide the roadway into sites.

Using the information from Step 1 and Step 4, divide the freeway into individual sites consisting of individual
homogeneous freeway segments and speed-change lanes. The procedure for dividing the freeway into individual
segments is provided in Section 18.5.

Step 6—Assign observed crashes to the individual sites (if applicable).

Step 6 applies if it was determined in Step 3 that the site-specific EB Method is applicable. If the site-specific EB
Method is not applicable, then proceed to Step 7. In this step, the observed crash data are assigned to the individual
sites. Specific criteria for assigning crashes to individual sites are presented in Section B.2.3 in Appendix B.

Step 7—Select the first or next individual site in the project limits. If there are no more sites to be evaluated,
proceed to Step 15.
Steps 7 through 14 are repeated for each site within the project limits identified in Step 1.

Any site can be selected for evaluation because each site is considered to be independent of the other sites. However,
good practice is to select the sites in an orderly manner, such as in the order of their physical occurrence in the direc-
tion of increasing milepost.

Step 8—For the selected site, select the first or next year in the period of interest. If there are no more years to
be evaluated for that site, proceed to Step 13.
Steps 8 through 12 are repeated for each year in the evaluation period for the selected site.

The individual years of the evaluation period are analyzed one year at a time because the SPFs and some CMFs are
dependent on AADT volume, which may change from year to year.
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18-12 HIGHWAY SAFETY MANUAL SUPPLEMENT

Step 9—For the selected site and the selected year, determine and apply the appropriate SPF.
The SPF determines the predicted average crash frequency for a site with features that match the SPF’s base condi-
tions. The SPFs (and their base conditions) are described in Section 18.6.

Determine the appropriate SPF for the selected site based on its site type and cross section (or traffic control). This
SPF is then used to compute the crash frequency for the selected year using the AADT volume for that year, as
determined in Step 3.

Step 10—Multiply the result obtained in Step 9 by the appropriate CMFs.

Collectively, the CMFs are used in the predictive model to adjust the SPF estimate from Step 9 so that the resulting
predicted average crash frequency accurately reflects the geometric design and traffic control features of the selected
site. The available CMFs are described in Section 18.7.

All CMFs presented in this chapter have the same base conditions as the SPFs in this chapter. Only the CMFs pre-
sented in Section 18.7 may be used as part of the predictive method described in this chapter.

For the selected site, determine the appropriate CMFs for the site type, geometric design features, and traffic control
features present. The CMF’s designation by crash type and severity must match that of the SPF with which it is used
(unless indicated otherwise in the CMF description). The CMFs for the selected site are calculated using (a) the
AADT volume determined in Step 3 for the selected year and (b) the geometric design and traffic control features
determined in Step 4.

Multiply the result from Step 9 by the appropriate CMFs.

Step 11—Multiply the result obtained in Step 10 by the appropriate calibration factor.

The SPFs and CMFs in this chapter have each been developed with data from specific jurisdictions and time periods.
Calibration to local conditions will account for any differences between these conditions and those present at the se-
lected sites. A calibration factor is applied to each SPF in the predictive method. Detailed guidance for the develop-
ment of calibration factors is included in Section B.1 of Appendix B.

Multiply the result from Step 10 by the calibration factor to obtain the predicted average crash frequency.

Step 12—If there is another year to be evaluated in the evaluation period for the selected site, return to
Step 8. Otherwise, proceed to Step 13.

This step creates a loop from Step 8 through Step 12 that is repeated for each year of the evaluation period for the
selected site.

Step 13—Apply the site-specific EB Method (if applicable) and apply SDFs.

The site-specific EB Method combines the predicted average crash frequency computed in Step 11 with the observed
crash frequency of the selected site. It produces a more statistically reliable estimate of the site’s expected average
crash frequency. The procedure for applying the site-specific EB Method is provided in Section B.2.4 of Appen-

dix B.

The decision to apply the site-specific EB Method was determined in Step 3. If the EB Method is not used, then the
estimate of expected average crash frequency for each year of the study period is limited to the predicted average
crash frequency for that year, as computed in Step 11.

If the EB Method is used, then the expected average crash frequency is equal to the estimate obtained from the EB
Method. An estimate is obtained for each year of the crash period (i.c., the period for which the observed crash data
are available). The individual years of the crash period are analyzed one year at a time because the SPFs and some
CMFs are dependent on AADT volume, which may change from year to year.
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CHAPTERS 18—Predictive Method for Freeways 18-13

Apply the site-specific EB Method to a future time period, if appropriate.

Section B.2.6 in Appendix B provides a procedure for converting the estimates from the EB Method to any years in
the study period that are not represented in the crash period (e.g., future years). This approach gives consideration
to any differences in traffic volume, geometry, or traffic control between the study period and the crash period. This
procedure yields the expected average crash frequency for each year of the study period.

Apply the severity distribution functions (SDFs), if desired.

The SDFs can be used to compute the expected average crash frequency for each of the following severity levels:
fatal, incapacitating injury, non-incapacitating injury, and possible injury. Each SDF includes variables that describe
the geometric design and traffic control features of a site. In this manner, the computed distribution gives consider-
ation to the features present at the selected site. The SDFs are described in Section 18.8. They can benefit from being
updated based on local data as part of the calibration process. Detailed guidance for the development of the SDF
calibration factor is included in Section B.1.4 of Appendix B.

Apply the crash type distribution, if desired.

Each predictive model includes a default distribution of crash type. This distribution can be used to compute the ex-
pected average crash frequency for each of ten crash types (e.g., head-on, fixed object). The distribution is presented
in Section 18.6. It can benefit from being updated based on local data as part of the calibration process.

Step 14—If there is another site to be evaluated, return to Step 7; otherwise, proceed to Step 15.
This step creates a loop from Step 7 through Step 14 that is repeated for each site of interest.

Step 15—Apply the project-level EB Method (if applicable) and apply SDFs.

The activities undertaken during this step are the same as undertaken for Step 13 but they occur at the project level
(i.e., network or facility). They are based on estimating the project-level predicted average crash frequency. This
crash frequency is computed for each year during the crash period. It is computed as the sum of the predicted aver-
age crash frequency for all sites (as computed in Step 11).

The project-level EB Method combines the project-level predicted average crash frequency with the observed crash
frequency for all sites within the project limits. It produces a more statistically reliable estimate of the project-level
expected average crash frequency. The procedure for applying the project-level EB Method is provided in Section
B.2.5 of Appendix B.

The decision to apply the project-level EB Method was determined in Step 3. If this method is not used, then the
project-level expected average crash frequency for each year of the study period is limited to the project-level pre-
dicted average crash frequency for that year, as computed in Step 11.

If the EB Method is used, then the project-level expected average crash frequency is equal to the estimate obtained
from the EB Method. An estimate is obtained for each year of the crash period (i.e., the period for which the ob-
served crash data are available). The individual years of the crash period are analyzed one year at a time because the
SPFs and some CMFs are dependent on AADT volume, which may change from year to year.

Apply the project-level EB Method to a future time period, if appropriate.
Follow the same guidance as provided in Step 13 using the estimate from the project-level EB Method.

Apply the severity distribution functions, if desired.
Follow the same guidance as provided in Step 13 using the estimate from the project-level EB Method.

Apply the crash type distribution, if desired.
Follow the same guidance as provided in Step 13 using the estimate from the project-level EB Method.

Step 16—Sum all sites and years in the study to estimate the total crash frequency.
One outcome of the predictive method is the total expected average crash frequency. The term “total” indicates that
the estimate includes all crash types and severities. It is computed from an estimate of the total expected number of

Documents

Document Sharing Hub

© 2014 by the American Association of St

All rights reserved. Duplication
Full document details: AASHTO HSM-1S-2014


http://www.avadocuments.com/doc/aashto-hsm-1s-2014
http://www.avadocuments.com/doc/aashto-hsm-1s-2014

18-14 HIGHWAY SAFETY MANUAL SUPPLEMENT

crashes, which represents the sum of the total expected average crash frequency for each site and for each year in the
study period. The total expected number of crashes during the study period is calculated using Equation 18-13:

ng | all sites all sites all sites

N@,as,uc,al,as = § : z : Ne,[v(i),n,uz,ax,j + : : Ne,xc([),nEN,al,as,j + z : Ne,xc(i),nEX,al,a,r,/ (18_13)
j=1 i=1 i=1 i=1
Where:

= total expected number of crashes for all sites S and all years in the study period (includes all cross
sections ac, all crash types at, and all severities as) (crashes);

e, as, ac, at, as

n = number of years in the study period (yr);

= expected average crash frequency of freeway segment i with # lanes for year j (includes all crash
types at and all severities as) (crashes/yr);

e, f5(i), n, at, as, j

= expected average crash frequency of ramp entrance speed-change lane i on a freeway with n lanes
for year j (includes all crash types at and all severities as) (crashes/yr); and

e, sc(i), nEN, at, as, j

= expected average crash frequency of ramp exit speed-change lane i on a freeway with n lanes for
year j (includes all crash types at and all severities as) (crashes/yr).

e, sc(i), nEX, at, as, j

Equation 18-13 is used to compute the total expected number of crashes estimated to occur in the project limits dur-
ing the study period. The summation of crashes by type and severity for each site and year is not shown in math-
ematic terms (but it is implied by the subscripts af and as).

Equation 18-14 is used to estimate the overall expected average crash frequency within the project limits during the

study period.
N N:, a$,ac,at,as

e,aS,ac,at,as ~ I’ls (18—14)
Where:

= overall expected average crash frequency for all sites aS and all years in the study period (includes
all cross sections ac, all crash types at, and all severities as) (crashes/yr).

e, a$, ac, at, as

Step 17—Determine if there is an alternative design, treatment, or forecast AADT to be evaluated.
Steps 3 through 17 are repeated as appropriate for the same project limits but for alternative conditions, treatments,
periods of interest, or forecast AADT volumes.

Step 18—Evaluate and compare results.

The predictive method is used to provide a statistically reliable estimate of the expected average crash frequency (in
total, or by crash type and severity) for the specified project limits, study period, geometric design and traffic control
features, and known or estimated AADT volume.

18.4.2. Data Needed to Apply the Predictive Method

The input data needed for the predictive models are identified in this section. These data represent the geometric de-
sign features, traffic control features, and traffic demand characteristics that have been found to have some relation-
ship to safety. They are identified by bullet in this section and are listed in Table B-2 of Appendix B.
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CHAPTERS 18—Predictive Method for Freeways 18-15

The input data are needed for each site in the project limits. Criteria for defining site boundaries are described in
Section 18.5.

There are several data identified in this section that describe a length along the roadway (e.g., segment length, curve
length, weaving section length, etc.). All of these lengths are measured along the reference line, which is the inside
edge of traveled way in the increasing milepost direction of travel. Points that do not lie on the reference line must
be projected onto the reference line (along a perpendicular line if the alignment is straight, or along a radial line if
the alignment is curved) to facilitate length determination. These dimensions can be obtained from field measure-
ments, a plan set, or aerial photographs.

The input data needed for the predictive models include the following:

m Number of through lanes—For a freeway segment, use the total number of through lanes (in both directions of
travel). For a speed-change lane, use the number of through lanes in the portion of freeway adjacent to the speed-
change lane plus those freeway lanes in the opposing travel direction. Rural freeways are limited to eight lanes.
Urban freeways are limited to ten lanes. A segment with a lane-add (or lane-drop) taper is considered to have the
same number of through lanes as the roadway just downstream of the lane-add (or lane-drop) taper. This guidance
is shown in Figure 18-2.

Begin segment at upstream start of taper

1 Segment length, L _: X Larop.seg :
Median ! ! _:_ ___________ T T
! \ 0 1 Median
S +—— — v T
: ey S — L
Nne add! X Segment !
R g g e e e e e e e e e e - - -———--
End segment at upstream start of taper
Number of through lanes: 5 (= downstream lane count) Number of through lanes: 4 (= downstream lane count)

Figure 18-2. Through-Lane Count in Segments with Lane Add or Lane Drop

Do not include any high-occupancy vehicle (HOV) lanes or managed lanes.

Do not include any auxiliary lanes that are associated with a weaving section, unless the weaving section length
exceeds 0.85 mi (4,500 ft). If this length is exceeded, then the auxiliary lane is counted as a through lane that starts
as a lane-add ramp entrance and ends as a lane-drop ramp exit.

Do not include the speed-change lane that is associated with a ramp that merges with (or diverges from) the free-
way, unless its length exceeds 0.30 mi (1,600 ft). If this length is exceeded, then the speed-change lane is counted
as a through lane that starts as a lane-add ramp entrance and ends as a lane drop by taper (or starts as a lane add by
taper and ends as a lane-drop ramp exit).

m Length of freeway segment, and length of speed-change lane (if present)—Speed-change lane length is measured
from the gore point to the taper point. Figure 18-3 illustrates these measurement points for a ramp entrance and a
ramp exit speed-change lane with the parallel and taper design, respectively.
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Entrance Ramp with Parallel Design

Ramp Entrance Length

Exit Ramp with Taper Design
| Ramp Exit Length |
A

Taper point /

* Point where marked gore is 2 ft wide (gore point)

Figure 18-3. Freeway Speed-Change Lane Length

m Presence of a horizontal curve on one or both roadbeds—If a curve is present, then the three data elements in the
following list are needed. Guidelines for obtaining these data are provided in Figure 18-4.

= Length of curve—Curve length is measured along the reference line from the point where the tangent ends and
the curve begins (i.e., the PC) to the point where the curve ends and the tangent begins (PT). If the curve PC
and PT do not lie on the reference line, then they must be projected onto this line and the curve length measured

between these projected points along the reference line.

If the curve has spiral transitions, then measure from the “effective” PC point to the “effective” PT point. The

effective PC point is located midway between the TS and SC, where the TS is the point of change from tangent

to spiral and the SC is the point of change from spiral to circular curve. The effective PT is located midway

between the CS and ST, where CS is the point of change from circular curve to spiral and ST is the point of
change from spiral to tangent.

® Radius of curve—Radius is measured separately for each roadbed curve. The line used to define curve radius is

the inside edge of the traveled way. This line is established separately on each roadbed. If the curve has spiral
transitions, then use the radius of the central circular portion of the curve.

m Length of curve in segment—The length of the curve within the boundaries of the segment (or speed-change
lane). This length cannot exceed the segment length or the curve length.
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. . . Segment
Curve in one direction /

q

Length of curve =
Length of curve in segment

Increasing milepost —>
travel directon 00 o & @ D D - - - - —

Rules

1. Roadbed in increasing milepost travel direction is basis of curve length measurement.

2. Curve length is measured along the inside edge of traveled way.

3. Radius is measured for curved roadbed.

4. Radius is measured to inside edge of traveled way.

Note: Curve is shown to be fully in segment, but could also be only partially in segment.

Length of curve
in segment

Curve in both directions (concentric) /

Median

Length of curve

el

Increasing milepost
travel direction

PN
Lo
Segment
Rules

1. Roadbed in increasing milepost travel direction is basis of curve length measurement.
2. Curve length is measured along the inside edge of traveled way.

3. Radius is measured for both roadbeds.

4. Radius is measured to inside edge of traveled way.

Note: Curve is shown to be only partially in segment, but could also be fully in segment.

Curve in both directions (not concentric)

Length of curve 2

Length of

curve 1 Length of

curve 3

Increasing milepost -

travel direction o ) o
Curve 1 is "Curve in one direction.

Curve 2 is "Curve in both directions."
Curve 3 is "Curve in one direction."
Rules
1. Disaggregate into multiple curved pieces, where one or both roadbeds are curved in each piece.
2. If one roadbed is curved, use rules for "Curve in one direction."
3. If both roadbeds are curved, use rules for "Curve in both directions (concentric)."

Note: Roadbeds are shown to curve in same direction; however, these rules also apply when curves are
in the opposite direction.

Figure 18-4. Curve Length and Radius Measurements
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18-18 HIGHWAY SAFETY MANUAL SUPPLEMENT

m Widths of lanes, outside shoulders, inside shoulders, and median—The first three elements represent an average
for both roadbeds. These widths should be measured where the cross section is constant, such as along line A or
B shown in Figure 18-5. They should not be measured where one or more edges are discontinuous or tapered. If
a width varies along the segment or speed-change lane (but not enough to justify beginning a new segment), then
compute the length-weighted average width. Rules for defining segment boundaries are provided in Section 18.5.2.

® Lane width—This width is computed as an average for all through lanes.
u Shoulder width—This width represents only the paved width.
® Median width—This width is measured between the edges of the traveled way for the two roadways in the op-

posite direction of travel, including the width of the inside shoulders, if they are present.

Avoid measuring widths where one or more edges are discontinuous or tapered.

//m?er is on the freeway.

N

This barrier is on the ramp.

Measure lane, shoulder, and median widths in areas with constant cross section. Measure along a line such as line
A or line B. If necessary, move the line off the subject segment to the nearest point with constant cross section.

Figure 18-5. Measurement of Cross Section Data Elements

m Length of rumble strips on the inside (or median) shoulder and on the outside (or roadside) shoulder—Measured
separately for each shoulder type and travel direction.

m Length of (and offset to) the barrier in the median and the barrier on the roadside—Measured for each short piece
of barrier. Offset is also measured for barrier that continues for the length of the segment or speed-change lane
(and beyond). Each piece is represented once for a site. Barrier length is measured along the reference line. Offset
is measured from the nearest edge of traveled way to the barrier face.

Figure 18-6 illustrates these measurements for two barrier elements protecting a sign support in a median with
width W and adjacent to shoulders with width W, . Each barrier element has a portion of its length that is parallel
to the roadway and a portion of its length that is tapered from the roadway. One way to evaluate these elements is to
separate them into four pieces, as shown in Figure 18-6. Each piece is represented by its average offset W and
length L, . Alternatively, the analyst may recognize that the offset is the same for pieces 1 and 4 and for pieces 2
and 3. In this case, each pair can be combined by adding the two lengths (e.g., L, | + L, ,) and using the common
offset.

A barrier is associated with the freeway if the offset from the near edge of traveled way is 30 ft or less. Barrier
adjacent to a ramp but also within 30 ft of the freeway traveled way should also be associated with the freeway.
The determination of whether a barrier is adjacent to a speed-change lane or a ramp is based on the gore and taper
points, as shown in Figure 18-5.
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Figure 18-6. Barrier Variables

m Width of continuous median barrier, if present.

m Presence and length of a Type B weaving section—This weaving section has the following characteristics: (a) one
of the two weaving movements can be made without making any lane changes, (b) the other weaving movement
requires at most one lane change, and (c) the ramp entrance and ramp exit associated with the weaving section are
located on the right side of the freeway. Typical Type B weaving sections are shown in Figure 18-7. Other weav-

ing section types are addressed directly by the predictive method.

= Type B weaving section length—This length is measured along the edge of the freeway traveled way from the
gore point of the ramp entrance to the gore point of the next ramp exit, as shown in Figure 18-7. The gore point
is located where the pair of solid white pavement edge markings that separate the ramp from the freeway main
lanes are 2.0 ft apart. If the markings do not extend to a point where they are 2.0 ft apart, then the gore point is
found by extrapolating both markings until the extrapolated portion is 2.0 ft apart. If the measured gore-to-gore
distance exceeds 0.85 mi (4,500 ft), then a weaving section is not considered to exist. Rather, the entrance ramp

is a “lane add” and the exit ramp is a “lane drop.”

= Length of weaving section located in the segment, between the segment s begin and end points—This length
cannot exceed the length of the segment. This length cannot exceed the length of the weaving section.

a. Major Weave with Lane Balance

at Exit Gore
A = — —
______________________ c
> e
B~ R \:
D
b. Major Weave with Merge
at Entry Gore
AL _ __-cC
>\“ ““““““““ —
B ~ D
c. Major Weave with Merge at Entry
Gore and Lane Balance at Exit Gore
A _C
-7 o
B

Figure 18-7. Type B Weaving Section and Length
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m Distance to nearest upstream entrance ramp in each travel direction.

m Measure this distance from the segment boundary to the ramp gore point, along the freeway’s solid white pave-
ment edge marking that intersects the gore point. The distance to the nearest upstream entrance ramp in each
travel direction is shown in Figure 18-8 using the two variables X, | and X .If the ramp entrance is located in
the segment, then the corresponding distance is equal to 0.0 mi. If the ramp does not exist or is located more than
0.5 mi from the segment, then this distance can be set to a large value (i.e., 999) in the predictive method to obtain
the correct results.

The gore point is located where the pair of solid white pavement edge markings that separate the ramp from the
freeway main lanes are 2.0 ft apart. If the markings do not extend to a point where they are 2.0 ft apart, then the
gore point is found by extrapolating both markings until the extrapolated portion is 2.0 ft apart.

Upstream exit ramps are not of direct interest, and data are not needed for them if they exist in the vicinity of the
segment. Figure 18-8a shows an upstream exit ramp serving travel in the decreasing milepost direction. This ramp
is not of interest to the evaluation of the subject segment.

m Distance to nearest downstream exit ramp in each travel direction. The measurement technique is the same as for
upstream entrance ramps. This distance is shown in Figure 18-8 using the two variables X, ,_and X, . Down-
stream entrance ramps are not of direct interest, and their data are not needed.

Xb,ext Xe,ent | AADTe ent
AADTh ext ™~ Segment | ~
————— 1

L__—__2
| | s
A ADTb,ent/ | Xp,ent Xe,ext [ AADT ext
Begin End
milepost milepost
All measurements are to the marked gore point. Increasing mile post "
a. All Ramps External to the Segment
| Xb,ext | L Xe,ent ol AADTe,ent
AADTp ext ™~ | | Segment | |
————— 1
1
1
- 1
/ T
Xpent =0.0 X | ~
e,ext
AADTb,ent I« >| AADTe,ext
Begin End
milepost milepost
All measurements are to the marked gore point. Increasing mile post

b. Three Ramps External to the Segment and One Ramp in the Segment

Figure 18-8. Distance to Nearest Ramp

m Clear zone width—This width is measured from the edge of traveled way to typical limits of vertical obstruction
(e.g., non-traversable slope, fence line, utility poles) along the roadway. The Roadside Design Guide (1) provides
detailed information about roadside features that define this width.

The clear zone width includes the outside shoulder. It is measured for both travel directions. If this width varies
along the segment, then use the estimated length-weighted average clear zone width (excluding the portion of the
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CHAPTERS 18—Predictive Method for Freeways 18-21

segment with barrier). Do not consider roadside barrier when determining the clear zone width for the predictive
method. Barrier location and influence is addressed in other CMFs. If the segment has roadside barrier on both
sides for its entire length, then the clear zone width will not influence the model prediction, and any value can be
used as a model input (e.g., 30 ft).

m This guidance is illustrated in Figure 18-9 where the clear zone is shown to be established by a fence line that var-
ies in offset from the edge of traveled way. A length-weighted width is appropriate for this situation. The lone tree
and the guardrail are not considered in the determination of clear zone width.

Wi
Lone tree not considered

W, Whe, 2
hc,1 . .
Guardrail not considered
nE_-__I/.
———————————————————————————————————————— < - - - - - -
Median
Reference Iine/ ------ S - - - — o — o — e — e ————— - — -

-
X Increasing milepost
Whc = clear zone width

Figure 18-9. Clear Zone Width Considerations

m Proportion of freeway AADT volume that occurs during hours where the lane volume exceeds 1,000 vehicles per
hour per lane (veh/h/In)—The lane volume for hour i LV, is computed as LV, = HV/n where HV, is the volume
during hour i (i =1, 2, 3, ... 24) and # is the number of through lanes. The desired proportion P, is computed
as P, = (X HV;)/AADT where X HV; is the sum of the volume during each hour where the lane volume exceeds
1,000 veh/h/In. The AADT, HV, and n variables include both freeway travel directions. These data will typically
be obtained from the continuous traffic counting station that (1) is nearest to the subject freeway and (2) has similar
traffic demand and peaking characteristics. A default value can be computed as P, = 1.0 — exp(1.45 — 0.000124 x

AADT/n). If the value computed is less than 0.0, then it is set to 0.0.

m Freeway AADT volume, upstream entrance ramp AADT volume, downstream exit ramp AADT volume.

18.5. ROADWAY SEGMENTS AND SPEED-CHANGE LANES

This section consists of three subsections. The first subsection defines freeway segments and speed-change lanes.
The second subsection provides guidelines for segmenting the freeway facility. The assignment of crashes to sites is
discussed in the last subsection.

18.5.1. Definition of Freeway Segment and Speed-Change Lane

When using the predictive method, the freeway within the defined project limits is divided into individual sites. A
site is either a homogeneous freeway segment or a speed-change lane. A facility consists of a contiguous set of indi-
vidual sites. A roadway network consists of a number of contiguous facilities.

A speed-change lane site is defined as the section of roadway area located (a) between the marked gore and taper
points of a ramp merge or diverge area, and (b) on the same side of the freeway as the merge or diverge area. The
location of the gore and taper points is identified in Figure 18-3.

Three freeway segments are shown schematically in Figure 18-10. They are labeled F7 in the figure. The presence
of a speed-change lane adjacent to a freeway segment requires a reduction in the effective length of the freeway seg-
ment. This reduction is used to account for the crashes assigned to the speed-change lane. The equation for comput-
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ing the “effective” segment length is shown in the bottom of Figure 18-10 for a freeway segment with one ramp

entrance and one ramp exit.

Two speed-change lanes are shown schematically in Figure 18-10. The speed-change lane associated with an en-
trance ramp is labeled SCen and that associated with an exit ramp exit is labeled SC, .

PLAN VIEW

Ramp Entrance
Length, Lgp

<

Ramp

Cross
-road

Ramp

Ramp Exit Length,

Lex

. L1 B Lts e Lrss
COMPONENT PARTS
Speed-Change Lane Speed-Change Lane

Type: ramp entrance SCen Type: ramp exit SCex

Seg. length =Lg,

Freeway Segment

Effective segment length, L* = Lgs — Lep/2 — Lgy/2

Seg. length = Lgy

Note: Freeway segment length does not include the length of speed-change lanes if these lanes are adjacent to the segment.

Figure 18-10. Illustrative Freeway Segments and Speed-Change Lanes

18.5.2 Segmentation Process
A speed-change lane site begins at the gore (or taper) point and ends at the associated taper (or gore) point. These

points are shown in Figure 18-3.

The segmentation process produces a set of segments of varying length, each of which is homogeneous with respect
to characteristics such as traffic volume, key geometric design features, and traffic control features. A new homoge-
neous freeway segment begins where there is a change in at least one of the following characteristics of the freeway:

m Number of through lanes—Begin segment at the gore point if the lane is added or dropped at a ramp or C-D road.
Begin segment at the upstream start of taper if the lane is added or dropped by taper. Guidance in this regard is
described in the text accompanying Figure 18-2.
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m Lane width—Measure the lane width at successive points along the roadway. Compute an average lane width for
each point and round this average to the nearest 0.5 ft. Begin a new segment if the rounded value for the current
point changes from that of the previous point (e.g., from 11.5 to 12.0 ft).

m Qutside shoulder width—Measure the outside shoulder width at successive points along the roadway. Compute
an average shoulder width for each point and round this average to the nearest 1.0 ft. Begin a new segment if the
rounded value for the current point changes from that of the previous point (e.g., from 6 to 7 ft).

m [nside shoulder width—Measure the inside shoulder width at successive points along the roadway. Compute an
average shoulder width for each point and round this average to the nearest 1.0 ft. Begin a new segment if the
rounded value for the current point changes from that of the previous point (e.g., from 6 to 5 ft).

m Median width—Measure the median width at successive points along the roadway. Round the measured median
width at each point to the nearest 10 ft. If the rounded value exceeds 90 ft, then set it to 90 ft. Begin a new seg-
ment if the rounded value for the current point changes from that of the previous point (e.g., from 30 to 20 ft).

m Ramp presence—Begin segment at the ramp gore point.

m Clear zone width—Measure the clear zone width at successive points along the roadway. Compute an average
clear zone width for each point and round this average to the nearest 5 ft. Begin a new segment if the rounded
value for the current point changes from that of the previous point (e.g., from 25 to 30 ft).

The presence of a horizontal curve does not necessarily define segment boundaries. This approach represents a dif-
ference from the process described in Chaper 10, where a curve does define segment boundaries.

Application of the “median width” segmentation criterion is shown in Figure 18-11. The freeway section in this
figure is shown to consist of five segments. Segment 1 has a rounded median width of 70 ft. Segment 2 starts where
the rounded median width first changes to 80 ft. Segment 3 begins at the point where the rounded median width first
changes to 90 ft. Segment 4 begins where the rounded median width first changes to 80 ft. Segment 5 begins where
the rounded median width first changes to 70 ft.

Guidance regarding the location of the lane, shoulder, and median width measurement points is provided in the text
associated with Figure 18-5 in Section 18.4.2. Each width represents an average for the segment. Similarly, guidance
associated with Figure 18-9 is used to determine the clear zone width for the segment. The rounded lane, shoulder,
median, and clear zone width values are used solely to determine segment boundaries. Once these boundaries are
determined, the unrounded values for the segment are then used for all subsequent calculations in the predictive
method.

@ = point where median width is 85 ft

O = point where median width is 75 ft 55 ft
90 ft
80 ft 70 ft
70 fto— 80 ft
65 ft 90 ft
Seg. 1 Seg. 2 Seg. 3 I Seg. 4 I Seg. 5

Figure 18-11. Segmentation for Varying Median Width

18.5.3. Crash Assignment to Sites

Observed crash counts are assigned to the individual sites to apply the site-specific EB Method. Any crashes that
occur on the freeway are classified as speed-change-lane-related or segment-related crashes. The speed-change-
lane-related crashes are assigned to the corresponding speed-change lane. The speed-change lane predictive model
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estimates the frequency of these crashes. The segment-related crashes are assigned to the corresponding freeway
segment. The freeway segment predictive model estimates the frequency of these crashes. The procedure for assign-
ment of crashes to individual sites is presented in Section B.2.3 in Appendix B.

18.6. SAFETY PERFORMANCE FUNCTIONS

When using the predictive method, the appropriate safety performance functions (SPFs) are used to estimate the pre-
dicted average crash frequency of a site with base conditions. Each SPF was developed as a regression model using
observed crash data for a set of similar sites as the dependent variable. The SPFs, like all regression models, estimate
the value of the dependent variable as a function of a set of independent variables. The independent variables for the
freeway segment SPFs include the segment AADT volume, segment length, and area type (i.e., rural or urban). The
independent variables for the speed-change lane SPFs include the AADT volume of the freeway, speed-change lane
length, and area type. The SPFs in this chapter are summarized in Table 18-3.

Table 18-3. Freeway Safety Performance Functions

Site Type (w) Cross Section (x) Crash Type (v) SPF Equations
Freeway segments (f5)  n lanes (n) Multiple vehicle (mv) Equation 18-15

Single vehicle (sv) Equation 18-18
Speed-change lanes Ramp entrance, n lanes (nEN) All types (af) Equation 18-20
(5€) Ramp exit, n lanes (nEX) All types (at) Equation 18-22

A detailed discussion of SPFs and their use in the HSM is presented in Sections 3.5.2 and C.6.3 of the Highway
Safety Manual.

Some transportation agencies may have performed statistically sound studies to develop their own jurisdiction-
specific SPFs. These SPFs may be substituted for the SPFs presented in this chapter. Criteria for the development
of SPFs for use in the predictive method are addressed in the calibration procedure presented in Section B.1.2 in
Appendix B.

Each SPF has an associated overdispersion parameter k. The overdispersion parameter provides an indication of the
statistical reliability of the SPF. The closer the overdispersion parameter is to zero, the more statistically reliable the
SPF. This parameter is used in the EB Method that is discussed in Section B.2 in Appendix B.

18.6.1. Safety Performance Functions for Freeway Segments

The SPFs for freeway segments are presented in this section. Specifically, SPFs are provided for freeway segments
with 4, 6, 8, or 10 through lanes (total of both travel directions). The range of AADT volume for which these SPFs
are applicable is shown in Table 18-4. Application of the SPFs to sites with AADT volumes substantially outside
these ranges may not provide reliable results.

Table 18-4. Applicable AADT Volume Ranges for SPFs

Area Type Cross Section (Through Lanes) (x) Applicable AADT Volume Range (veh/day)
Rural 4 0 to 73,000
6 0 to 130,000
8 0 to 190,000
Urban 4 0to 110,000
6 0 to 180,000
8 0 to 270,000
10 0 to 310,000
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The SPFs described in this section are directly applicable to segments with an even number of through lanes. They
can be extended to the evaluation of segments with 5, 7, or 9 lanes using the following procedure. If a freeway seg-
ment has X total lanes that represent Y lanes in one direction and Z lanes in the opposite direction (i.e., X =Y + Z)
and Y is not equal to Z, then it is recommended that the segment be evaluated twice. One evaluation would be
conducted where the number of lanes is equal to 2 x Y and one evaluation would be conducted where the number
of lanes is equal to 2 x Z. All other inputs to the SPFs would be unchanged between evaluations. The two estimates
of predicted average crash frequency obtained in this manner are then averaged to obtain the best estimate of the
predicted average crash frequency for the subject segment.

Other types of freeway segments may be found on freeways, but they are not addressed by the predictive model
described in this chapter.

Multiple-Vehicle Crashes
The base conditions for the SPFs for multiple-vehicle crashes on freeway segments are presented in the following
list of the variables defined in Section 18.4.2:

m Length of horizontal curve 0.0 mi (i.e., not present)

m Lane width 12 ft

m Inside shoulder width (paved) 6 ft

m Median width 60 ft

m Length of median barrier 0.0 mi (i.e., not present)

m Number of hours where volume exceeds 1,000 veh/h/In None

m Distance to nearest upstream ramp entrances More than 0.5 mi from segment
m Distance to nearest downstream ramp exits More than 0.5 mi from segment
m Length of Type B weaving section 0.0 mi (i.e., not present)

The SPFs for multiple-vehicle crashes on freeway segments are represented using the following equation:

Ny fommz = L xexp(a+bxIn[cx AADT]) (18-15)
with
. 2 2
L'=L,—|05xY L, ...|-|05x> L, ... (18-16)
i=1 i=1
Where:
s = = predicted average multiple-vehicle crash frequency of a freeway segment with base conditions, n
N lanes, and severity z (z = fi: fatal and injury, pdo: property damage only) (crashes/yr);
L = effective length of freeway segment (mi);
L, = length of freeway segment (mi);
L, o = length of ramp entrance i adjacent to subject freeway segment (mi);
L, i = length of ramp exit i adjacent to subject freeway segment (mi);
a, b = regression coefficients;
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c AADT scale coefficient; and

AADT, AADT volume of freeway segment (veh/day).

The calculation of the “effective length of freeway segment” was discussed in the text associated with Figure 18-10.
The variable L, weg, i TEPTESENLS the length of the speed-change lane located between the start and end points of the
adjacent freeway segment. This length cannot exceed the length of the segment or the length of the ramp entrance
speed-change lane. Similarly, the variable L weg, 1 TEPTESENLS the length of the speed-change lane located between the

start and end points of the adjacent freeway segment.
The summation terms in Equation 18-16 recognize the potential for there to be as many as two ramp entrances (and
two ramp exits) adjacent to a freeway segment. If there are two ramp entrances, then they will be serving opposing

directions of travel. If there are two ramp exits, then they will be serving opposing directions of travel.

The SPF coefficients and the inverse dispersion parameter are provided in Table 18-5. The SPFs are illustrated in
Figure 18-12.

Table 18-5. SPF Coefficients for Multiple-Vehicle Crashes on Freeway Segments

Crash Severity Number of Through SPF Coefficient Inverse Dispersion
) Area Type Lanes (n) a b c Parameter K, = (mi')
Fatal and injury Rural 4 -5.975 1.492 0.001 17.6
) 6 6,092 1492 0.001 17.6
8 —-6.140 1.492 0.001 17.6
Urban 4 —5.470 1.492 0.001 17.6
6 —5.587 1.492 0.001 17.6
8 —5.635 1.492 0.001 17.6
10 —5.842 1.492 0.001 17.6
Property Rural 4 —6.880 1.936 0.001 18.8
damage only 6 ~7.141 1.936 0.001 18.8
(pdo)
-7.329 1.936 0.001 18.8
Urban 4 —6.548 1.936 0.001 18.8
—6.809 1.936 0.001 18.8
8 —6.997 1.936 0.001 18.8
10 —7.260 1.936 0.001 18.8

40

1.0-mile segment length 1.0-mile segment length

— - Rural freeway

— - Rural freeway
-~

i R R

FI Multiple-Vehicle Crash
Frequency (crashesl/yr)
PDO Multiple-Vehicle Crash
Frequency (crashes/yr)

0 50 100 150 200 250 0 50 100 150 200 250

AADT (1000s of veh/day) AADT (1000s of veh/day)
a. Fatal-and-Injury Crash Frequency b. Property-Damage-Only Crash Frequency

Figure 18-12. Graphical Form of the SPFs for Multiple-Vehicle Crashes on Freeway Segments
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The value of the overdispersion parameter associated with the SPFs for freeway segments is determined as a func-
tion of the segment length. This value is computed using Equation 18-17.

i 1.0
ls,n,mv,z = * l -1
S Kfs,n,mv,z XL ( 8 7)
Where:

smm . — overdispersion parameter for freeway segments with n lanes, multiple-vehicle crashes mv, and severity
‘ z; and

e inverse dispersion parameter for freeway segments with » lanes, multiple-vehicle crashes mv, and

severity z (mi ™).

The inverse dispersion parameter for segments with even numbers of lanes is provided in Table 18-5. A procedure
is described in Section B.2.7 in Appendix B for using these parameters to estimate the overdispersion parameter for
segments with an odd number of lanes.

The crash frequency obtained from Equation 18-15 can be multiplied by the proportions in Table 18-6 to estimate
the predicted average multiple-vehicle crash frequency by crash type category.

Table 18-6. Default Distribution of Multiple-Vehicle Crashes by Crash Type for Freeway Segments

Proportion of Crashes by Severity

Area Type Crash Type Category Fatal and Injury Property Damage Only

Rural Head-on 0.018 0.004
Right-angle 0.056 0.030
Rear-end 0.630 0.508
Sideswipe 0.237 0.380
Other multiple-vehicle crashes 0.059 0.078

Urban Head-on 0.008 0.002
Right-angle 0.031 0.018
Rear-end 0.750 0.690
Sideswipe 0.180 0.266
Other multiple-vehicle crashes 0.031 0.024

Single-Vehicle Crashes
The base conditions for the SPFs for single-vehicle crashes on freeway segments are presented in the following list:
The variables are defined in Section 18.4.2.

m Length of horizontal curve 0.0 mi (i.e., not present)
m Lane width 12 ft

m Inside shoulder width (paved) 6 ft

m Median width 60 ft

m Length of median barrier 0.0 mi (i.e., not present)
® Number of hours where volume exceeds 1,000 veh/h/In None

m Outside shoulder width (paved) 10 ft

m Length of shoulder rumble strip 0.0 mi (i.e., not present)
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m Clear zone width 30 ft

m Length of outside barrier 0.0 mi (i.e., not present)

The SPFs for single-vehicle crashes on freeway segments are represented with the following equation:

Ny fomz = L xexp(a+bxIn[cx AADT,]) (18-18)
Where:
o fo s = = predicted average single-vehicle crash frequency of a freeway segment with base conditions, n

lanes, and severity z (z = fi: fatal and injury, pdo: property damage only) (crashes/yr).

The SPF coefficients and the inverse dispersion parameter are provided in Table 18-7. The SPFs are illustrated in
Figure 18-13.

Table 18-7. SPF Coefficients for Single-Vehicle Crashes on Freeway Segments

Crash Severity Number of Through SPF Coefficient Inverse Dispersion
© Area Type Lanes (n) a b c Parameter K, (mi')
Fatal and injury ~ Rural 4 —2.126 0.646 0.001 30.1
() 6 2,055 0.646 0.001 30.1
8 —1.985 0.646 0.001 30.1
Urban 4 -2.126 0.646 0.001 30.1
6 -2.055 0.646 0.001 30.1
8 —1.985 0.646 0.001 30.1
10 -1.915 0.646 0.001 30.1
Property Rural 4 —2.235 0.876 0.001 20.7
damage only 6 2274 0.876 0.001 20.7
(pdo)
8 -2.312 0.876 0.001 20.7
Urban 4 -2.235 0.876 0.001 20.7
-2.274 0.876 0.001 20.7
8 -2.312 0.876 0.001 20.7
10 -2.351 0.876 0.001 20.7
5 12
1.0-mile segment length / 8 1.0-mile segment length
Rural & urban freeway = | Rural & urban freeway  _ _ _ _ _ _ _ __
o LT - ] S .10
Ry s
% (o
O o 0 Q gF-------m e e e oo
oG °G
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o O b e e e 2 L o o o o e e e e e —
g : i : 6 4 lanes
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29 o Y ey
% g o8
g aw L ..
T 2
0 1 1 1 1 1 0 1 1 1 1 1
0 50 100 150 200 250 0 50 100 150 200 250
AADT (1000s of veh/day) AADT (1000s of veh/day)
a. Fatal-and-Injury Crash Frequency b. Property-Damage-Only Crash Frequency
Figure 18-13. Graphical Form of the SPFs for Single-Vehicle Crashes on Freeway Segments Docu ments
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The value of the overdispersion parameter associated with the SPFs for freeway segments is determined as a func-
tion of the segment length. This value is computed using Equation 18-19.

i 1.0
Fomsvz . (18-19)
K/{Y,n,sv,z X L
Where:
Conme = overdispersion parameter for freeway segments with n lanes, single-vehicle crashes sv, and severity z; and
e inverse dispersion parameter for freeway segments with # lanes, single-vehicle crashes sv, and severity

z (mih).

The inverse dispersion parameter for segments with even numbers of lanes is provided in Table 18-7. A procedure
is described in Section B.2.7 in Appendix B for using these parameters to estimate the overdispersion parameter for
segments with odd numbers of lanes.

The crash frequency obtained from Equation 18-18 can be multiplied by the proportions in Table 18-8 to estimate
the predicted average single-vehicle crash frequency by crash type category.

Table 18-8. Default Distribution of Single-Vehicle Crashes by Crash Type for Freeway Segments

Proportion of Crashes by Severity

Area Type Crash Type Category Fatal and Injury Property Damage Only

Rural Crash with animal 0.010 0.065
Crash with fixed object 0.567 0.625
Crash with other object 0.031 0.125
Crash with parked vehicle 0.024 0.023
Other single-vehicle crashes 0.368 0.162

Urban Crash with animal 0.004 0.022
Crash with fixed object 0.722 0.716
Crash with other object 0.051 0.139
Crash with parked vehicle 0.015 0.016
Other single-vehicle crashes 0.208 0.107

18.6.2. Safety Performance Functions for Speed-Change Lanes

The SPFs for freeway speed-change lanes are presented in this section. SPFs are provided for ramp entrances and
ramp exits adjacent to freeways with 4, 6, 8, or 10 through lanes. The SPFs for speed-change lanes are applicable
to the same freeway AADT volume ranges that are listed in Table 18-4. Application to sites with AADT volumes
substantially outside these ranges may not provide reliable results.

The SPFs described in this section are directly applicable to speed-change lanes adjacent to freeways with an even
number of through lanes. They can be extended to the evaluation of speed-change lanes adjacent to freeways with 5,
7, and 9 lanes using the procedure described in Section 18.6.1.

Ramp-Entrance Speed-Change Lanes
The base conditions for the SPFs for ramp-entrance speed-change lanes are presented in the following list of the
variables defined in Section 18.4.2:
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m Length of horizontal curve 0.0 mi (i.e., not present)
m Lane width 12 ft

m Inside shoulder width (paved) 6 ft

m Median width 60 ft

m Length of median barrier 0.0 mi (i.e., not present)
m Number of hours where volume exceeds 1,000 veh/h/In None

The SPFs for ramp entrance speed-change lanes are represented using the following equation:

N

spf ,sc, nEN ,at,z

=L, xexp(a+bxIn[cx AADT]) (18-20)

Where:

= predicted average crash frequency of a ramp entrance speed-change lane on a freeway with base
conditions, n lanes, all crash types at, and severity z (z = fi: fatal and injury, pdo: property damage
only) (crashes/yr); and

spf, sc, nEN, at, z

L = length of ramp entrance (mi).

The SPF coefficients and the inverse dispersion parameter are provided in Table 18-9. The variable 7 is used in this
table to describe the number of through lanes in the portion of freeway adjacent to the speed-change lane plus those
freeway lanes in the opposing travel direction. This approach to describing the speed-change lane cross section is
used for consistency with that used for freeway segment SPFs. The variable 7 is not intended to describe the number
of lanes in the speed-change lane.

Table 18-9. SPF Coefficients for Ramp-Entrance-Related Crashes in Speed-Change Lanes

Crash Severity Number of Through SPF Coefficient Inverse Dispersion Parameter
(&9 Area Type Lanes (n) a b c K enas (mi™)
Fatal and injury  Rural 4 —3.894 1.173 0.0005 26.1
() 6 ~4.154 1173 0.0005 26.1
8 —4.414 1.173 0.0005 26.1
Urban 4 -3.714 1.173 0.0005 26.1
-3.974 1.173 0.0005 26.1
8 —4.234 1.173 0.0005 26.1
10 —4.494 1.173 0.0005 26.1
Property Rural 4 —2.895 1.215 0.0005 24.8
damage only 6 -3.097 1215 0.0005 2438
(pdo)
8 -3.299 1.215 0.0005 24.8
Urban 4 —-2.796 1.215 0.0005 24.8
6 —2.998 1.215 0.0005 24.8
8 —-3.200 1.215 0.0005 24.8
10 —3.402 1.215 0.0005 24.8
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CHAPTERS 18—Predictive Method for Freeways 18-31

The SPFs are illustrated in Figure 18-14. The ramp entrance CMF is combined with this SPF to create the trend lines
shown in the figure. This CMF is a function of entrance ramp volume and the speed-change lane length. These vari-
ables in combination do not readily lend themselves to the specification of a representative base condition. For this
reason, the CMF is combined with the SPF for the graphical presentation. The ramp entrance CMF is described in
Section 18.7.2.

2.0
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Urban freeway
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Urban freeway
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Figure 18-14. Graphical Form of the SPFs for Ramp Entrance Speed-Change Lanes

The value of the overdispersion parameter associated with the SPFs for ramp-entrance speed-change lanes is deter-
mined as a function of the speed-change lane length. This value is computed as:

1.0
k _ =
sc,nEN,at,z K % L

sc,nEN ,at,z en

(18-21)

Where:

= overdispersion parameter for ramp entrance speed-change lane on a freeway with » lanes, all crash

sc, nEN, at, z .
types at, and severity z; and

= inverse dispersion parameter for ramp entrance speed-change lane on a freeway with n lanes, all

sc, nEN, at, z . .
crash types at, and severity z (mi ).

The inverse dispersion parameter for speed-change lanes adjacent to freeways with 4, 6, 8, or 10 through lanes is
provided in Table 18-9. A procedure is described in Section B.2.7 in Appendix B for using these parameters to esti-
mate the overdispersion parameter for speed-change lanes adjacent to freeways with 5, 7, or 9 lanes.

The crash frequency obtained from Equation 18-20 can be multiplied by the proportions in Table 18-10 to estimate
the predicted average ramp-entrance-related crash frequency by crash type or crash type category. These proportions
are based on ramp-entrance speed-change lane crashes. They do not include crashes associated with a ramp entrance
that adds a lane to the cross section.
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18-32 HIGHWAY SAFETY MANUAL SUPPLEMENT

Table 18-10. Default Distribution of Ramp-Entrance-Related Crashes by Crash Type

Proportion of Crashes by Severity

Area Type Crash Type Crash Type Category Fatal and Injury Property Damage Only
Rural Multiple vehicle Head-on 0.021 0.004
Right-angle 0.032 0.013
Rear-end 0.351 0.260
Sideswipe 0.128 0.242
Other multiple-vehicle crash 0.011 0.040
Single vehicle Crash with animal 0.000 0.009
Crash with fixed object 0.245 0.296
Crash with other object 0.021 0.070
Crash with parked vehicle 0.021 0.000
Other single-vehicle crashes 0.170 0.066
Urban Multiple vehicle Head-on 0.004 0.001
Right-angle 0.019 0.016
Rear-end 0.543 0.530
Sideswipe 0.133 0.252
Other multiple-vehicle crash 0.017 0.015
Single vehicle Crash with animal 0.000 0.002
Crash with fixed object 0.194 0.129
Crash with other object 0.019 0.036
Crash with parked vehicle 0.004 0.003
Other single-vehicle crashes 0.067 0.016

Ramp Exit Speed-Change Lanes
The base conditions for the SPFs for ramp-exit speed-change lanes are the same as those for ramp entrance speed-
change lanes, as described in the preceding subsection.

The SPFs for ramp exit speed-change lanes are represented using the following equation:

=L, xexp(a+bxIn[cx AADT]) (18-22)

vaf ,s¢, nEX ,at,z

Where:

= predicted average crash frequency of a ramp exit speed-change lane on a freeway with base condi-
tions, n lanes, all crash types at, and severity z (z = fi: fatal and injury, pdo: property damage only)
(crashes/yr); and

spf, sc, nEX, at, z

L = length of ramp exit (mi).

ex

The SPF coefficients and the inverse dispersion parameter are provided in Table 18-11. The variable n is used in this
table to describe the number of through lanes in the portion of freeway adjacent to the speed-change lane plus those
freeway lanes in the opposing travel direction.
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CHAPTERS 18—Predictive Method for Freeways 18-33

Table 18-11. SPF Coefficients for Ramp-Exit-Related Crashes in Speed-Change Lanes

Crash Severity Number of Through SPF Coefficient Inverse Dispersion
) Area Type Lanes (1) a b c Parameter K .
Fatal and injury  Rural 4,6,8 -2.679 0.903 0.0005 1.78

() Utban 4,6,8,10 2679 0.903 0.0005 178
Property Rural 4,6,8 -1.798 0.932 0.0005 1.58
damage only — yp5, 4,6,8, 10 1.798 0.932 0.0005 1.58

(pdo)

The SPFs are illustrated in Figure 18-15. The ramp exit CMF is combined with the fatal-and-injury SPF to create the
trend lines shown in the figure for fatal-and-injury crashes. This CMF is a function of the speed-change lane length.
This variable (in combination with the SPF length variable) does not readily lend itself to the specification of a
representative base condition. For this reason, the CMF is combined with the SPF for the graphical presentation. The

ramp exit CMF is described in Section 18.7.2.
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Figure 18-15. Graphical Form of the SPFs for Ramp Exit Speed-Change Lanes

The overdispersion parameter associated with the SPFs for ramp exit speed-change lanes is computed as follows:

k 1.0
sc,nEX at,z = (18-23)
Ksc,nEX,at,z
Where:
Xt - = overdispersion parameter for ramp exit speed-change lane on a freeway with » lanes, all crash
types at, and severity z; and
X at - = inverse dispersion parameter for ramp exit speed-change lane on a freeway with n lanes, all crash

types at, and severity z.

The inverse dispersion parameter for speed-change lanes adjacent to freeways with 4, 6, 8, or 10 through lanes is pro-
vided in Table 18-11. A procedure is described in Section B.2.7 in Appendix B for using these parameters to estimate
the overdispersion parameter for speed-change lanes adjacent to freeways with 5, 7, or 9 lanes.
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