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CHAPTER 11 PREDICTIVE METHOD FOR RURAL 1 
MULTILANE HIGHWAYS 2 

11.1. INTRODUCTION 3 

This chapter presents for the predictive method for rural multilane highways. A 4 
general introduction to the Highway Safety Manual (HSM) predictive method is 5 
provided in the Part C Introduction and Applications Guidance.  6 

The predictive method for rural multilane highways provides a structured 7 
methodology to estimate the expected average crash frequency, crash severity, and 8 
collision types for a rural multilane highway facility with known characteristics. All 9 
types of crashes involving vehicles of all types, bicycles, and pedestrians are 10 
included, with the exception of crashes between bicycles and pedestrians. The 11 
predictive method can be applied to existing sites, design alternatives to existing 12 
sites, new sites, or for alternative traffic volume projections. An estimate can be made 13 
for crash frequency in a period of time that occurred in the past (i.e. what did or 14 
would have occurred) or in the future (i.e., what is expected to occur). The 15 
development of the predictive models in Chapter 11 is documented in Lord et al(5). 16 
The AMFs used in the predictive models have been reviewed and updated by 17 
Harkey et al(3) and in related work by Srinivasan et al(6).. The SPF coefficients, default 18 
collision type distributions, and default nighttime accident proportions have been 19 
adjusted to a consistent basis by Srinivasan et al(7). 20 

This chapter presents the following information about the predictive method for 21 
rural multilane highways: 22 

 A concise overview of the predictive method. 23 

 The definitions of the facility types included in Chapter 11 and site types for 24 
which predictive models have been developed for Chapter 11. 25 

 The steps of the predictive method in graphical and descriptive forms. 26 

 Details for dividing a rural multilane facility into individual sites, consisting 27 
of intersections and roadway segments. 28 

 Safety Performance Functions (SPFs) for rural multilane highways. 29 

 Accident Modification Factors (AMFs) applicable to the SPFs in Chapter 11. 30 

 Guidance for application of the Chapter 11 predictive method and 31 
limitations of the predictive method specific to Chapter 11. 32 

 Sample problems illustrating the application of the Chapter 11 predictive 33 
method for rural multilane highways. 34 

11.2. OVERVIEW OF THE PREDICTIVE METHOD 35 

The predictive method provides an 18 step procedure to estimate the “expected 36 
average crash frequency”, Nexpected (by total crashes, crash severity or collision type), of 37 
a roadway network, facility, or site. In the predictive method the roadway is divided 38 
into individual sites, which are homogenous roadway segments and intersections. A 39 
facility consists of a contiguous set of individual intersections and roadway 40 
segments, referred to as “sites.” Different facility types are determined by 41 
surrounding land use, roadway cross-section, and degree of access. For each facility 42 

Chapter 11 explains the 

predictive method for rural 

multilane highways. 
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type, a number of different site types may exist, such as divided and undivided 43 
roadway segments, and unsignalized and signalized intersections. A roadway 44 
network consists of a number of contiguous facilities. 45 

The method is used to estimate the expected average crash frequency of an 46 
individual site, with the cumulative sum of all sites used as the estimate for an entire 47 
facility or network. The estimate is for a given time period of interest (in years) 48 
during which the geometric design and traffic control features are unchanged and 49 
traffic volumes (AADT) are known or forecasted. The estimate relies on estimates 50 
made using predictive models which are combined with observed crash data using 51 
the Empirical Bayes (EB) Method.  52 

The predictive models used in Chapter 11 to determine the predicted average 53 
crash frequency Npredicted, are of the general form shown in Equation 11-1.  54 

 
xyx2x1xx  spfpredicted C)AMF...AMF(AMFN N ×××××=  (11-1) 55 

 Where, 56 

 Npredicted = predicted average crash frequency for a specific year on site 57 
type x; 58 

 Nspf x  = predicted average crash frequency determined for base 59 
conditions of the SPF developed for site type x; 60 

 AMFyx = Accident Modification Factors specific to site type x and 61 
specific geometric design and traffic control features y;  62 

 Cx = calibration factor to adjust SPF for local conditions for site 63 
type x. 64 

11.3. RURAL MULTILANE HIGHWAYS – DEFINITIONS AND 65 
PREDICTIVE MODELS IN CHAPTER 11 66 

This section provides the definitions of the facility and site types included in 67 
Chapter 11, and the predictive models for each the site types included in Chapter 11. 68 
These predictive models are applied following the steps of the predictive method 69 
presented in Section 11.4. 70 

11.3.1. Definition of Chapter 11 Facility and Site Types 71 

Chapter 11 applies to rural multilane highway facilities. The term “multilane” 72 
refers to facilities with four through lanes. Rural multilane highway facilities may 73 
have occasional grade-separated interchanges, but these are not be the primary form 74 
of access and egress. The predictive method does not apply to any section of a 75 
multilane highway within the limits of an interchange which has free-flow ramp 76 
terminals on the multilane highway of interest. Facilities with six or more lanes are 77 
not covered in Chapter 11 78 

The terms “highway” and “road” are used interchangeably in this chapter and 79 
apply to all rural multilane facilities independent of official state or local highway 80 
designation. 81 

Classifying an area as urban, suburban or rural is subject to the roadway 82 
characteristics, surrounding population and land uses and is at the user’s discretion. 83 
In the HSM, the definition of “urban” and “rural” areas is based on Federal Highway 84 
Administration (FHWA) guidelines which classify “urban” areas as places inside 85 
urban boundaries where the population is greater than 5,000 persons. “Rural” areas 86 

The EB Method is described 

in full detail in the Part C 
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are defined as places outside urban areas which have with population greater than 87 
5,000 persons.  The HSM uses the term “suburban” to refer to outlying portions of an 88 
urban area; the predictive method does not distinguish between urban and suburban 89 
portions of a developed area.   90 

 Exhibit 11-1 identifies the specific site types on rural multilane highways for 91 
which predictive models have been developed for estimating expected average crash 92 
frequency, severity and collision type. The four-leg signalized intersection models do 93 
not have base conditions and, therefore, can be used only for generalized predictions 94 
of crash frequencies.  No predictive models are available for roadway segments with 95 
more than four lanes or for other intersection types such as all-way stop-controlled 96 
intersections, yield-controlled intersections, or uncontrolled intersections. 97 

Exhibit 11-1: Rural Multilane Highway Site Type with SPFs in Chapter 11 98 

Site Type Site Types with SPFs in Chapter 11 

Rural four-lane undivided segments (4U) 
Roadway Segments 

Rural four-lane divided segments (4D) 

Unsignalized three-leg (Stop control on minor road approaches) (3ST) 

Unsignalized four-leg (Stop control on minor road approaches) (4ST) Intersections 

Signalized four-leg (4SG)* 

* The four-leg signalized intersection models do not have base conditions and, therefore, can be used 99 
only for generalized predictions of crash frequency. 100 

These specific site types are defined as follows: 101 

 Undivided four lane roadway segment (4U) – a roadway consisting of four 102 
lanes with a continuous cross-section which provides two directions of travel 103 
in which the lanes are not physically separated by either distance or a 104 
barrier. While multilane roadways whose opposing lanes are separated by a 105 
flush median (i.e., a painted median) are considered undivided facilities, not 106 
divided facilities, the predictive models in Chapter 11 do not address rural 107 
multilane highways with flush separators. 108 

 Divided four lane roadway segment (4D) – Divided highways are non-109 
freeway facilities (i.e., facilities without full control of access) that have the 110 
lanes in the two directions of travel separated by a raised, depressed or flush 111 
median which is not designed to be traversed by a vehicle; this may include 112 
raised or depressed medians, with or without a physical median barrier, or 113 
flush medians with physical median barriers. 114 

 Three-leg intersection with STOP control (3ST) – an intersection of a rural 115 
multilane highway (i.e., four lane divided or undivided roadway) and a 116 
minor road. A STOP sign is provided on the minor road approach to the 117 
intersection only.  118 

 Four-leg intersection with STOP control (4ST) – an intersection of a rural 119 
multilane highway (i.e., four lane divided or undivided roadway) and two 120 
minor roads. A STOP sign is provided on both minor road approaches to the 121 
intersection.  122 

 Four-leg signalized intersection (4SG) – an intersection of a rural multilane 123 
highway (i.e., four lane divided or undivided roadway) and two other rural 124 

 

SPFs are available for: 

undivided roadway 

segments, three-leg 

intersections with STOP 

control, four-leg 

intersections with STOP 
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roads which may be two lane or four lane rural highways. Signalized control 125 
is provided at the intersection by traffic lights. 126 

11.3.2. Predictive Models for Rural Multilane Roadway Segments 127 

The predictive models can be used to estimate total crashes (i.e., all crash 128 
severities and collision types) or can be used to estimate the expected average 129 
frequency of specific crash severity types or specific collision types. The predictive 130 
model for an individual roadway segment or intersection combines a SPF with AMFs 131 
and a calibration factor.  132 

The predictive models for roadway segments estimate the predicted average 133 
crash frequency of non-intersection-related crashes. In other words, the roadway 134 
segment predictive models estimate crashes that would occur regardless of the 135 
presence of an intersection.  136 

The predictive models for undivided roadway segments, divided roadway 137 
segments and intersections are presented in Equations 11-2, 11-3 and 11-4 below. 138 

For undivided roadway segments the predictive model is: 139 

 )AMF AMF (AMF C N N 5ru2ru1rurru spf rs predicted ×…××××=   (11-2) 140 

For divided roadway segments the predictive model is: 141 

 )AMF AMF (AMF CN N 5rd2rd1rdr rd spfrs predicted ×…××××=   (11-3) 142 

Where, 143 

 Npredicted rs = predictive model estimate of expected average crash 144 
frequency for an individual roadway segment for the 145 
selected year; 146 

 Nspf ru = expected average crash frequency for an undivided roadway 147 
segment with base conditions;  148 

 Cr = calibration factor for roadway segments of a specific type 149 
developed for a particular jurisdiction or geographical area;  150 

 AMF1ru …AMF5ru = Accident Modification Factors for undivided roadway 151 
segments;  152 

 Nspf rd = expected average crash frequency for a divided roadway 153 
segment with base conditions;  154 

 AMF1rd …AMF5rd = Accident Modification Factors for divided roadway 155 
segments. 156 

11.3.3. Predictive Models for Rural Multilane Highway Intersections 157 

The predictive models for intersections estimate the predicted average crash 158 
frequency of crashes within the limits of an intersection, or crashes that occur on the 159 
intersection legs, and are a result of the presence of the intersection (i.e., intersection-160 
related crashes).  161 

For all intersection types in Chapter 11 the predictive model is: 162 

 )AMF AMF (AMF C N N 4i2i1iiint spfint predicted ×…××××=  (11-4) 163 
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 Where, 164 

 Npredicted int = predicted average crash frequency for an individual 165 
intersection for the selected year; 166 

 Nspf in t= predicted average crash frequency for an intersection with 167 
base conditions;  168 

 AMF1i … AMF4i = Accident Modification Factors for intersections – however, 169 
these AMFs are only applicable to three and four-leg STOP 170 
controlled intersections. No AMFs are available for four-leg 171 
signalized intersections; and 172 

 Ci = calibration factor for intersections of a specific type 173 
developed for use for a particular jurisdiction of geographical 174 
area.  175 

The SPFs for rural multilane highways are presented in Section 11.6. The 176 
associated AMFs for each of the SPFs are presented in Section 11.7, and summarized 177 
in Exhibit 11-17. Only the specific AMFs associated with each SPF are applicable to an 178 
SPF (as these AMFs have base conditions which are identical the base conditions of 179 
the SPF). The calibration factors, Cr and Ci are determined in the Part C Appendix 180 
A.1.1. Due to continual change in the crash frequency and severity distributions with 181 
time, the value of the calibration factors may change for the selected year of the study 182 
period. 183 

11.4. PREDICTIVE METHOD FOR RURAL MULTILANE HIGHWAYS 184 

The predictive method for rural multilane highways is shown in Exhibit 11-2. 185 
Applying the predictive method yields an estimate of the expected average crash 186 
frequency (and/or crash severity and collision types) for a rural multilane highway 187 
facility. The components of the predictive models in Chapter 11 are determined and 188 
applied in Steps 9, 10, and 11 of the predictive method. Further information needed 189 
to apply each step is provided in the following sections and in the Part C Appendix.  190 

There are 18 steps in the predictive method.  In some situations, certain steps will 191 
not be needed because the data is not available or the step is not applicable to the 192 
situation at hand. In other situations, steps may be repeated if an estimate is desired 193 
for several sites or for a period of several years. In addition, the predictive method 194 
can be repeated as necessary to undertake crash estimation for each alternative 195 
design, traffic volume scenario or proposed treatment option (within the same period 196 
to allow for comparison). 197 

The following explains the details of each step of the method as applied to rural 198 
multilane highways. 199 



Current as of April 6, 2009 Highway Safety Manual – 1st Edition 

Page 11-6  Part C / Predictive Method 
  Chapter 11—Rural Multilane Highways 

Exhibit 11-2: The HSM Predictive Method  200 

 201 

 202 
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Step 1 - Define the limits of the roadway and facility types in the study 203 
network, facility, or site for which the expected average crash frequency, 204 
severity, and collision types are to be estimated.  205 

The predictive method can be undertaken for a roadway network, a facility, or an 206 
individual site. A site is either an intersection or a homogeneous roadway segment. 207 
Sites may consist of a number of types, such as signalized and unsignalized 208 
intersections. The definitions of a rural multilane highway, an intersection and 209 
roadway segments, and the specific site types included in Chapter 11 are provided in 210 
Section 11.3.  211 

The predictive method can be undertaken for an existing roadway, a design 212 
alternative for an existing, or a new roadway (which may be either unconstructed or 213 
yet to experience enough traffic to have observed crash data). 214 

The limits of the roadway of interest will depend on the nature of the study. The 215 
study may be limited to only one specific site or a group of contiguous sites. 216 
Alternatively, the predictive method can be applied to a very long corridor for the 217 
purposes of network screening (determining which sites require upgrading to reduce 218 
crashes) which is discussed in Chapter 4. 219 

Step 2 - Define the period of interest.  220 

The predictive method can be undertaken for either a past period or a future 221 
period. All periods are measured in years. Years of interest will be determined by the 222 
availability of observed or forecast AADTs, observed crash data, and geometric 223 
design data. Whether the predictive method is used for a past or future period 224 
depends upon the purpose of the study. The period of study may be: 225 

A past period (based on observed AADTs) for: 226 

 An existing roadway network, facility, or site. If observed crash data are 227 
available, the period of study is the period of time for which the observed 228 
crash data are available and for which (during that period) the site geometric 229 
design features, traffic control features, and traffic volumes are known. 230 

 An existing roadway network, facility, or site for which alternative 231 
geometric design features or traffic control features are proposed (for near 232 
term conditions).  233 

A future period (based on forecast AADTs) for: 234 

 An existing roadway network, facility, or site for a future period where 235 
forecast traffic volumes are available.  236 

 An existing roadway network, facility, or site for which alternative 237 
geometric design or traffic control features are proposed for implementation 238 
in the future.  239 

 A new roadway network, facility, or site that does not currently exist, but is 240 
proposed for construction during some future period.  241 
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Step 3 – For the study period, determine the availability of annual average 242 
daily traffic volumes and, for an existing roadway network, the availability of 243 
observed crash data to determine whether the EB Method is applicable.  244 

Determining Traffic Volumes 245 

The SPFs used in Step 9 (and some AMFs in Step 10), include AADT volumes 246 
(vehicles per day) as a variable. For a past period, the AADT may be determined by 247 
automated recording or estimated from a sample survey. For a future period, the 248 
AADT may be a forecast estimate based on appropriate land use planning and traffic 249 
volume forecasting models, or based on the assumption that current traffic volumes 250 
will remain relatively constant. 251 

For each roadway segment, the AADT is the average daily two-way 24 hour 252 
traffic volume on that roadway segment in each year of the period to be evaluated, 253 
selected in Step 8.  254 

For each intersection, two values are required in each predictive model.  These 255 
are the AADT of the major street, AADTmaj,; and the two-way AADT of the minor 256 
street, AADTmin. 257 

In Chapter 11, AADTmaj and AADTmin are determined as follows: if the AADTs on 258 
the two major road legs of an intersection differ, the larger of the two AADT values 259 
are used for AADTmaj. For a three-leg intersection, the AADT of the minor road leg is 260 
used for AADTmin. For a four-leg intersection, the larger of the AADTs for the two 261 
minor road legs should be used for AADTmin. If a highway agency lacks data on the 262 
entering traffic volumes, but has two-way AADT data for the major and minor road 263 
legs of the intersection, these may be used as a substitute for the entering volume 264 
data. Where needed, AADTtotal can be estimated as the sum of AADTmaj and AADTmin. 265 

 In many cases, it is expected that AADT data will not be available for all years of 266 
the evaluation period. In that case, an estimate of AADT for each year of the 267 
evaluation period is interpolated or extrapolated as appropriate. If there is no 268 
established procedure for doing this, the following may be applied within the 269 
predictive method to estimate the AADTs for years for which data are not available. 270 

 If AADT data are available for only a single year, that same value is assumed 271 
to apply to all years of the before period; 272 

 If two or more years of AADT data are available, the AADTs for intervening 273 
years are computed by interpolation; 274 

 The AADTs for years before the first year for which data are available are 275 
assumed to be equal to the AADT for that first year;  276 

 The AADTs for years after the last year for which data are available are 277 
assumed to be equal to the last year. 278 

If the EB Method is to be used (discussed below), AADT data are needed for each 279 
year of the period for which observed crash frequency data are available. If the EB 280 
Method will not be used, AADT for the appropriate time period—is past, present, or 281 
future—determined in Step 2 are used. 282 

Determining availability of Observed Crash Data 283 

Where an existing site or alternative conditions to an existing site are being 284 
considered, the EB Method is used. The EB Method is only applicable when reliable 285 
observed crash data are available for the specific study roadway network, facility, or 286 

Roadway segments require 
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site. Observed data may be obtained directly from the jurisdiction’s accident report 287 
system. At least two years of observed crash frequency data are desirable to apply the 288 
EB Method. The EB Method and criteria to determine whether the EB Method is 289 
applicable are presented in Section A.2.1 in the Appendix to Part C. 290 

The EB Method can be applied at the site-specific level (i.e., observed crashes are 291 
assigned to specific intersections or roadway segments in Step 6) or at the project 292 
level (i.e., observed crashes are assigned to a facility as a whole). The site-specific EB 293 
Method is applied in Step 13. Alternatively, if observed crash data are available but 294 
can not be assigned to individual roadway segments and intersections, the project 295 
level EB Method is applied (in Step 15). 296 

If observed crash data are not available, then Steps 6, 13, and 15 of the predictive 297 
method are not conducted. In this case, the estimate of expected average crash 298 
frequency is limited to using a predictive model (i.e. the predicted average crash 299 
frequency).  300 

Step 4 - Determine geometric design features, traffic control features and site 301 
characteristics for all sites in the study network.  302 

In order to determine the relevant data needs and avoid unnecessary data 303 
collection, it is necessary to understand the base conditions of the SPFs in Step 9 and 304 
the AMFs in Step 10. The base conditions are defined in Section 11.6.1 and 11.6.2 for 305 
roadway segments and in Section 11.6.3 for intersections. 306 

The following geometric design and traffic control features are used to select a 307 
SPF and to determine whether the site specific conditions vary from the base 308 
conditions and, therefore, whether an AMF is applicable: 309 

 Length of roadway segment (miles) 310 

 AADT (vehicles per day) 311 

 Presence of median and median width (feet) (for divided roadway segments) 312 

 Side slope (for undivided roadway segments) 313 

 Shoulder widths (feet) 314 

 Lane width (feet) 315 

 Presence of lighting 316 

 Presence of automated speed enforcement 317 

For each intersection in the study area, the following geometric design and traffic 318 
control features are identified: 319 

 Number of intersection legs (3 or 4) 320 

 Type of traffic control (minor road STOP or signalized) 321 

 Intersection skew angle (stop controlled intersections)  322 

 Presence of left-turn and right-turn lanes (Stop controlled intersections) 323 

 Presence or absence of lighting (Stop controlled intersections) 324 

The EB Method and criteria 

to determine whether the 

EB Method is applicable are 

presented in Section A.2.1 

in the Appendix to Part C. 
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Step 5 – Divide the roadway network or facility under consideration into 325 
individual homogenous roadway segments and intersections, which are 326 
referred to as sites. 327 

Using the information from Step 1 and Step 4, the roadway is divided into 328 
individual sites, consisting of individual homogenous roadway segments and 329 
intersections. The definitions and methodology for dividing the roadway into 330 
individual intersections and homogenous roadway segments for use with the 331 
Chapter 11 predictive models are provided in Section 11.5. When dividing roadway 332 
facilities into small homogenous roadway segments, limiting the segment length to a 333 
minimum of 0.10 miles will minimize calculation efforts and not affect results. 334 

Step 6 – Assign observed crashes to the individual sites (if applicable). 335 

Step 6 only applies if it was determined in Step 3 that the site-specific EB Method 336 
was applicable. If the site-specific EB Method is not applicable, proceed to Step 7. In 337 
Step 3, the availability of observed data and whether the data could be assigned to 338 
specific locations was determined. The specific criteria for assigning accidents to 339 
individual roadway segments or intersections are presented in Section A.2.3 of the 340 
Appendix to Part C. 341 

Crashes that occur at an intersection or on an intersection leg, and are related to 342 
the presence of an intersection, are assigned to the intersection and used in the EB 343 
Method together with the predicted average crash frequency for the intersection.  344 
Crashes that occur between intersections and are not related to the presence of an 345 
intersection are assigned to the roadway segment on which they occur; such crashes 346 
are used in the EB Method together with the predicted average crash frequency for 347 
the roadway segment. 348 

Step 7 – Select the first or next individual site in the study network. If there 349 
are no more sites to be evaluated, proceed to Step 15. 350 

In Step 5, the roadway network within the study limits has been divided into a 351 
number of individual homogenous sites (intersections and roadway segments).  352 

The outcome of the HSM Predictive Method is the expected average crash 353 
frequency of the entire study network, which is the sum of the all of the individual 354 
sites, for each year in the study. Note that this value will be the total number of 355 
crashes expected to occur over all sites during the period of interest. If a crash 356 
frequency is desired (crashes per year), the total can be divided by the number of 357 
years in the period of interest.  358 

The estimation for each site (roadway segments or intersection) is conducted one 359 
at a time. Steps 8 through 14, described below, are repeated for each site. 360 

Step 8 – For the selected site, select the first or next year in the period of 361 
interest. If there are no more years to be evaluated for that site, proceed to 362 
Step 14. 363 

Steps 8 through 14 are repeated for each site in the study and for each year in the 364 
study period. 365 

The individual years of the evaluation period may have to be analyzed one year 366 
at a time for any particular roadway segment or intersection because SPFs and some 367 
AMFs (e.g., lane and shoulder widths) are dependent on AADT, which may change 368 
from year to year.  369 

Expected average crashes 

for the study period are 

calculated for each year of 

the period. 

The specific criteria for 

assigning crashes to 

individual roadway 

segments for intersections 

are presented in Section 

A.2.3 of Appendix to Part C. 
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Step 9 – For the selected site, determine and apply the appropriate Safety 370 
Performance Function (SPF) for the site’s facility type and traffic control 371 
features.  372 

Steps 9 through 13, described below, are repeated for each year of the evaluation 373 
period as part of the evaluation of any particular roadway segment or intersection.  374 
The predictive models in Chapter 11 follow the general form shown in Equation 11-1. 375 
Each predictive model consists of a SPF, which is adjusted to site specific conditions 376 
using AMFs (in Step 10) and adjusted to local jurisdiction conditions (in Step 11) 377 
using a calibration factor (C). The SPFs, AMFs and calibration factor obtained in 378 
Steps 9, 10 and 11 are applied to calculate the predictive model estimate of predicted 379 
average crash frequency for the selected year of the selected site. The SPFs available 380 
for rural multilane highways are presented in Section 11.6 381 

The SPF (which is a statistical regression model based on observed crash data for 382 
a set of similar sites) determines the predicted average crash frequency for a site with 383 
the base conditions (i.e., a specific set of geometric design and traffic control 384 
features). The base conditions for each SPF are specified in Section 11.6. A detailed 385 
explanation and overview of the SPFs in Part C is provided in Section C.6.3 of the Part 386 
C Introduction and Applications Guidance. 387 

The SPFs (and base conditions) developed for Chapter 11 are summarized in 388 
Exhibit 11-4 in Section 11.6. For the selected site, determine the appropriate SPF for 389 
the site type (intersection or roadway segment) and geometric and traffic control 390 
features (undivided roadway, divided roadway, stop controlled intersection, 391 
signalized intersection). The SPF for the selected site is calculated using the AADT 392 
determined in Step 3 (or AADTmaj and AADTmin for intersections) for the selected 393 
year.  394 

Each SPF determined in Step 9 is provided with default distributions of crash 395 
severity and collision type (presented in Section 11.6). These default distributions can 396 
benefit from being updated based on local data as part of the calibration process 397 
presented in Appendix A.1.1. 398 

Step 10 – Multiply the result obtained in Step 9 by the appropriate AMFs to 399 
adjust base conditions to site specific geometric conditions and traffic control 400 
features. 401 

In order to account for differences between the base conditions (Section 11.6) and 402 
the site specific conditions, AMFs are used to adjust the SPF estimate. An overview of 403 
AMFs and guidance for their use is provided in Section C.6.4 of the Part C 404 
Introduction and Applications Guidance, including the limitations of current knowledge 405 
related to the effects of simultaneous application of multiple AMFs. In using multiple 406 
AMFs, engineering judgment is required to assess the interrelationships and/or 407 
independence of individual elements or treatments being considered for 408 
implementation within the same project.  409 

All AMFs used in Chapter 11 have the same base conditions as the SPFs used in 410 
Chapter 11 (i.e., when the specific site has the same condition as the SPF base 411 
condition, the AMF value for that condition is 1.00).  Only the AMFs presented in 412 
Section 11.7 may be used as part of the Chapter 11 predictive method. Exhibit 11-17 413 
indicates which AMFs are applicable to the SPFs in Section 11.6.  414 

Step 11 – Multiply the result obtained in Step 10 by the appropriate calibration 415 
factor. 416 

The SPFs used in the predictive method have each been developed with data 417 
from specific jurisdictions and time periods in the data sets.  Calibration of the SPFs 418 

Detailed guidance for the 

development of calibration 

factors is included in Part C 

Appendix A.1.1. 

An overview of AMFs 

and guidance for their 

use is provided in 

Section C.6.4 of the 

Part C Introduction 

and Applications 

Guidance 
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to local conditions will account for differences in the data set.. A calibration factor (Cr 419 
for roadway segments or Ci for intersections) is applied to each SPF in the predictive 420 
method. An overview of the use of calibration factors is provided in the Part C 421 
Introduction and Applications Guidance Section C.6.5. Detailed guidance for the 422 
development of calibration factors is included in Part C Appendix A.1.1. 423 

Steps 9, 10, and 11 together implement the predictive models in Equations 11-2, 424 
11-3 and 11-4 to determine predicted average crash frequency.  425 

Step 12 –If there is another year to be evaluated in the study period for the 426 
selected site, return to Step 8. Otherwise, proceed to Step 14. 427 

This step creates a loop through Steps 8 to 12 that is repeated for each year of the 428 
evaluation period for the selected site. 429 

Step 13 – Apply site-specific EB Method (if applicable). 430 

Whether the site-specific EB Method is applicable is determined in Step 3. The 431 
site-specific EB Method combines the Chapter 11 predictive model estimate of 432 
predicted average crash frequency, Npredicted, with the observed crash frequency of the 433 
specific site, Nobserved. This provides a more statistically reliable estimate of the 434 
expected average crash frequency of the selected site. 435 

In order to apply the site-specific EB Method, in addition to the material in Part C 436 
Appendix A.2.4, the overdispersion parameter, k, for the SPF is also used. The 437 
overdispersion parameter provides an indication of the statistical reliability of the 438 
SPF. The closer the overdispersion parameter is to zero, the more statistically reliable 439 
the SPF. This parameter is used in the site-specific EB Method to provide a weighting 440 
to Npredicted and Nobserved. Overdispersion parameters are provided for each SPF in 441 
Section 11.6. 442 

Apply the site-specific EB Method to a future time period, if appropriate. 443 

The estimated expected average crash frequency obtained above applies to the 444 
time period in the past for which the observed crash data were obtained. Section 445 
A.2.6 in the Appendix to Part C provides a Method to convert the estimate of 446 
expected average crash frequency for a past time period to a future time period. 447 

Step 14 –If there is another site to be evaluated, return to Step 7, otherwise, 448 
proceed to Step 15. 449 

This step creates a loop through Steps 7 to 13 that is repeated for each roadway 450 
segment or intersection within the facility. 451 

Step 15 – Apply the project level EB Method (if the site specific EB Method is 452 
not applicable).  453 

This step is only applicable to existing conditions when observed crash data are 454 
available, but can not be accurately assigned to specific sites (e.g., the crash report 455 
may identify crashes as occurring between two intersections, but is not accurate to 456 
determine a precise location on the segment). Detailed description of the project level 457 
EB Method is provided in Part C Appendix A.2.5.  458 

Step 16 – Sum all sites and years in the study to estimate total crash 459 
frequency. 460 

The total estimated number of crashes within the network or facility limits 461 
during a study period of n years is calculated using Equation 11-5: 462 

The project level EB Method 

is described in Part C 

Appendix A.2.5. 
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 Where, 464 

 Ntota l= total expected number of crashes within the limits of a rural 465 
two-lane two-way road facility for the period of interest. Or, 466 
the sum of the expected average crash frequency for each 467 
year for each site within the defined roadway limits within 468 
the study period; 469 

 Nrs = expected average crash frequency for a roadway segment 470 
using the predictive method for one specific year;  471 

 Nint = expected average crash frequency for an intersection using 472 
the predictive method for one specific year.  473 

Equation 11-5 represents the total expected number of crashes estimated to occur 474 
during the study period. Equation 11-6 is used to estimate the total expected average 475 
crash frequency within the network or facility limits during the study period.  476 

 
n
total

average total
NN =  (11-6) 477 

 Where, 478 

 Ntotal average = total expected average crash frequency estimated to occur 479 
within the defined network or facility limits during the study 480 
period; 481 

 n = number of years in the study period. 482 

Step 17 – Determine if there is an alternative design, treatment or forecast 483 
AADT to be evaluated. 484 

Steps 3 through 16 of the predictive method are repeated as appropriate for the 485 
same roadway limits but for alternative conditions, treatments, periods of interest, or 486 
forecast AADTs. 487 

Step 18 – Evaluate and compare results. 488 

The predictive method is used to provide a statistically reliable estimate of the 489 
expected average crash frequency within defined network or facility limits over a 490 
given period of time, for given geometric design and traffic control features, and 491 
known or estimated AADT. In addition to estimating total crashes, the estimate can 492 
be made for different crash severity types and different collision types. Default 493 
distributions of crash severity and collision type are provided with each SPF in 494 
Section 11.6. These default distributions can benefit from being updated based on 495 
local data as part of the calibration process presented in Part C Appendix.A.1. 496 

11.5. ROADWAY SEGMENTS AND INTERSECTIONS  497 

Section 11.4 provides an explanation of the predictive method.  Section 11.5 498 
through to Section 11.8 provide the specific detail necessary to apply the predictive 499 
method steps on rural multilane roads. Detail regarding the procedure for 500 
determining a calibration factor to apply in Step 11 is provided in the Part C 501 
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Appendix A.1. Detail regarding the EB Method, which is applied in Steps 6, 13, and 502 
15, is provided in the Part C Appendix A.2. 503 

In Step 5 of the predictive method, the roadway within the defined roadway 504 
limits is divided into individual sites, which are homogenous roadway segments and 505 
intersections. A facility consists of a contiguous set of individual intersections and 506 
roadway segments, referred to as “sites.” A roadway network consists of a number of 507 
contiguous facilities. Predictive models have been developed to estimate crash 508 
frequencies separately for roadway segments and intersections. The definitions of 509 
roadway segments and intersections presented below are the same as those for used 510 
in the FHWA Interactive Highway Safety Design Model (IHSDM)(2). 511 

Roadway segments begin at the center of an intersection and end at either the 512 
center of the next intersection, or where there is a change from one homogeneous 513 
roadway segment to another homogenous segment. The roadway segment model 514 
estimates the frequency of roadway-segment-related crashes which occur in Region B 515 
in Exhibit 11-3.  When a roadway segment begins or ends at an intersection, the 516 
length of the roadway segment is measured from the center of the intersection. 517 

Chapter 11 provides predictive models for stop-controlled (three- and four-leg) 518 
and signalized (four-leg) intersections. The intersection models estimate the 519 
predicted average frequency of crashes that occur within the curbline limits of an 520 
intersection (Region A of Exhibit 11-3) and intersection-related crashes that occur on 521 
the intersection legs (Region B in Exhibit 11-3). 522 

 523 

Exhibit 11-3: Definition of Segments and Intersections  524 

 525 
The segmentation process produces a set of roadway segments of varying length, 526 

each of which is homogeneous with respect to characteristics such as traffic volumes, 527 
key roadway design characteristics, and traffic control features. Exhibit 11-3 shows 528 
the segment length, L, for a single homogenous roadway segment occurring between 529 
two intersections. However, it is likely that several homogenous roadway segments 530 
will occur between two intersections. A new (unique) homogeneous segment begins 531 
at the center of an intersection or where there is a change in at least one of the 532 
following characteristics of the roadway: 533 

 Average annual daily traffic (vehicles per day) 534 

The roadway segment 

model estimates the 

frequency of roadway 

segment related crashes 

which occur in Region B in 

Exhibit 11-3. The 

intersection models 

estimate the frequency of 

all crashes in Region A plus 

intersection-related crashes 

that occur in Region B. 
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 Presence of median and median width (feet) 535 

The following rounded median widths are recommended before 536 
determining “homogeneous” segments:  537 

Measured Median Width Rounded Median Width 

1-ft to 14-ft  10-ft  

15-ft to 24-ft  20-ft  

25-ft to 34-ft  30-ft  

35-ft to 44-ft  40-ft  

45-ft to 54-ft  50-ft  

55-ft to 64-ft  60-ft  

65-ft to 74-ft  70-ft  

75-ft to 84-ft  80-ft  

85-ft to 94-ft  90-ft  

95 or more  100-ft  

 538 
 Side slope (for undivided roadway segments) 539 

 Shoulder type  540 

 Shoulder width (feet) 541 

For shoulder widths measures to a 0.1-ft level of precision or 542 
similar, the following rounded paved shoulder widths are 543 
recommended before determining “homogeneous” segments:  544 

Measured Shoulder 
Width  

Rounded Shoulder 
Width  

0.5-ft or less  0-ft  

0.6-ft to 1.5-ft  1-ft  

1.6-ft to 2.5-ft  2-ft  

2.6-ft to 3.5-ft  3-ft  

3.6-ft to 4.5-ft  4-ft  

4.6-ft to 5.5-ft  5-ft  

5.6-ft to 6.5-ft  6-ft  

6.6-ft to 7.5-ft  7-ft  

7.6-ft or more  8-ft or more  

 545 
 Lane width (feet) 546 
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For lane widths measured to a 0.1-ft level of precision or similar, the 547 
following rounded lane widths are recommended before determining 548 
“homogeneous” segments:  549 

Measured Lane Width Rounded Lane Width  

9.2-ft or less  9-ft or less  

9.3-ft to 9.7-ft  9.5-ft  

9.8-ft to 10.2-ft  10-ft  

10.3-ft to 10.7-ft  10.5-ft  

10.8-ft to 11.2-ft  11-ft  

11.3-ft to 11.7-ft  11.5-ft  

11.8-ft or more  12-ft or more  

 550 
 Presence of lighting 551 

 Presence of automated speed enforcement 552 

In addition, each individual intersection is treated as a separate site, for which 553 
the intersection-related crashes are estimated using the predictive method.  554 

There is no minimum roadway segment length, L, for application of the 555 
predictive models for roadway segments; However, as a practical matter, when 556 
dividing roadway facilities into small homogenous roadway segments, limiting the 557 
segment length to a minimum of 0.10 miles will minimize calculation efforts and not 558 
affect results. 559 

In order to apply the site-specific EB Method, observed crashes are assigned to 560 
the individual roadway segments and intersections. Observed crashes that occur 561 
between intersections are classified as either intersection-related or roadway 562 
segment-related. The methodology for assignment of crashes to roadway segments 563 
and intersections for use in the site-specific EB Method is presented in Section A.2.3 564 
in the Appendix to Part C. 565 

11.6. SAFETY PERFORMANCE FUNCTIONS 566 

In Step 9 of the predictive method, the appropriate Safety Performance Functions 567 
(SPFs) are used to predict average crash frequency for the selected year for specific 568 
base conditions. SPFs are regression models for estimating the predicted average 569 
crash frequency of individual roadway segments or intersections. Each SPF in the 570 
predictive method was developed with observed crash data for a set of similar sites. 571 
The SPFs, like all regression models, estimate the value of a dependent variable as a 572 
function of a set of independent variables. In the SPFs developed for the HSM, the 573 
dependent variable estimated is the predicted average crash frequency for a roadway 574 
segment or intersection under base conditions and the independent variables are the 575 
AADTs of the roadway segment or intersection legs (and, for roadway segments, the 576 
length of the roadway segment).  577 

The predicted crash frequencies for base conditions are calculated from the 578 
predictive method in Equations 11-2, 11-3 and 11-4. A detailed discussion of SPFs and 579 
their use in the HSM is presented in Chapter 3 Section 3.5.2 and the Part C Introduction 580 
and Applications Guidance Section C.6.3. 581 

The methodology for 

assigning crashes to 

roadway segments and 

intersections for use in the 

site-specific EB Method is 

presented in Section A.2.3 

in the Appendix to Part C. 

A detailed discussion of 

SPFs and their use in the 

HSM is presented in 

Chapter 3 Section 3.5.2 and 

the Part C Introduction and 

Applications Guidance 

Section C.6.3 
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Each SPF also has an associated overdispersion parameter, k. The overdispersion 582 
parameter provides an indication of the statistical reliability of the SPF. The closer the 583 
overdispersion parameter is to zero, the more statistically reliable the SPF. This 584 
parameter is used in the EB Method discussed in the Part C Appendix. The SPFs in 585 
Chapter 11 are summarized in Exhibit 11-4. 586 

Exhibit 11-4: Safety Performance Functions included in Chapter 11  587 

Chapter 11 SPFs for Rural Multilane Highways SPF Equations and Exhibits 

Undivided rural four-lane roadway segments Equation 11-7, 11-8 , Exhibit 11-5, 11-6 

Divided roadway segments Equation 11-9, 11-10 , Exhibit 11-7, 11-8 

Three and four-leg STOP controlled intersections Equation 11-11 , Exhibit 11-11 

Four-leg signalized intersections Equation 11-11. 11-12 , Exhibit 11-11, 11-12 

 588 

Some highway agencies may have performed statistically-sound studies to 589 
develop their own jurisdiction-specific SPFs derived from local conditions and crash 590 
experience. These models may be substituted for models presented in this chapter. 591 
Criteria for the development of SPFs for use in the predictive method are addressed 592 
in the calibration procedure presented in the Appendix to Part C.  593 

11.6.1. Safety Performance Functions for Undivided Roadway 594 
Segments  595 

The predictive model for estimating predicted average crash frequency on a 596 
particular undivided rural multilane roadway segment was presented in Equation 597 
11-2. The effect of traffic volume (AADT) on accident frequency is incorporated 598 
through the SPF, while the effects of geometric design and traffic control features are 599 
incorporated through the AMFs.  600 

The base conditions of the SPF for undivided roadway segments on rural 601 
multilane highways are: 602 

 Lane width (LW)  12 feet 603 

 Shoulder width   6 feet 604 

 Shoulder type   Paved 605 

 Side slopes   1V:7H or flatter 606 

 Lighting   None 607 

 Automated speed enforcement None 608 

The SPF for undivided roadway segments on a rural multilane highway is 609 
shown in Equation 11-7 and presented graphically in Exhibit 11-6: 610 

 ))ln()ln(( LAADTbae +×+=ru spfN  (11-7) 611 

 Where, 612 

The base conditions for 

undivided rural multilane 

highways are summarized 

here. 

Jurisdiction-specific SPFs 

can be used as substitutes 

to this chapter’s models if 

statistically-sound models 

were developed consistent 

with HSM methods. 
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 Nspf ru = base total expected average crash frequency for a roadway 613 
segment; 614 

 AADT = annual average daily traffic (vehicles per day) on roadway 615 
segment; 616 

 L = length of roadway segment (miles);  617 

 a, b = regression coefficients. 618 

Guidance on the estimation of traffic volumes for roadway segments for use in 619 
the SPFs is presented in Step 3 of the predictive method described in Section 11.4.  620 
The SPFs for undivided roadway segments on rural multilane highways are 621 
applicable to the AADT range from 0 to 33,200 vehicles per day.  Application to sites 622 
with AADTs substantially outside this range may not provide accurate results. 623 

The value of the overdispersion parameter associated with Nspf ru is determined as 624 
a function of segment length. The closer the overdispersion parameter is to zero, the 625 
more statistically reliable the SPF. The value is determined as:  626 

 
ln(L))(ce

1k +=  (11-8) 627 

 Where, 628 

 k = overdispersion parameter associated with the roadway 629 
segment; 630 

 L = length of roadway segment (miles);  631 

 c = a regression coefficient used to determine the overdispersion 632 
parameter. 633 

Exhibit 11-5 presents the values of the coefficients used for applying Equations 634 
11-7 and 11-8 to determine the SPF for expected average crash frequency by total 635 
crashes, fatal and injury crashes, and fatal, injury and possible injury crashes.  636 

 637 

Exhibit 11-5: SPF Coefficients for Total and Fatal-and-Injury Accidents on Undivided 638 
Roadway Segments (for use in Equations 11-7 and 11-8) 639 

Crash Severity level a b c 

4-lane total -9.653 1.176 1.675 

4-lane fatal and injury -9.410 1.094 1.796 

4-lane fatal and injurya -8.577 0.938 2.003 

NOTE: a Using the KABCO scale, these include only KAB accidents.  640 
Crashes with severity level C (possible injury) are not included 641 

 642 

 643 

 644 

 645 

 646 

 647 

 648 
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Exhibit 11-6: Graphical Form of the SPF for Undivided Roadway Segments (from 649 
Equation 11-7 and Exhibit 11-5)  650 
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 651 
 652 

The default proportions in Exhibit 11-5 are used to break down the accident 653 
frequencies from Equation 11-7 into specific collision types. To do so, the user 654 
multiplies the crash frequency for a specific severity level from Equation 11-7 by the 655 
appropriate collision type proportion for that severity level from Exhibit 11-7 to 656 
estimate the number of accidents for that collision type. Exhibit 11-7 is intended to 657 
separate the predicted frequencies for total accidents (all severity levels combined), 658 
fatal-and-injury accidents, and fatal-and-injury accidents (with possible injuries 659 
excluded) into components by collision type. Exhibit 11-7 cannot be used to separate 660 
predicted total accident frequencies into components by severity level.  Ratios for 661 
PDO crashes are provided for application where the user has access to predictive 662 
models for that severity level. The default collision type proportions shown in Exhibit 663 
11-7 may be updated with local data. 664 

There are a variety of factors that may affect the distribution of crashes among 665 
crash types and severity levels.  To account for potential differences in these factors 666 
between jurisdictions, it is recommended that the values in Exhibit 11-7 be updated 667 
with local data. The values for total, fatal and injury, and fatal and injury (with 668 
possible injuries excluded) in this exhibit are used in the worksheets described in 669 
Appendix A. 670 

 671 

 672 

 673 

 674 

 675 

 676 

 677 

 678 

 679 

Procedures to develop local 

proportions of crash 

severity and collision type 

are provided in the 

Appendix to Part C. 
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Exhibit 11-7: Default Distribution of Crashes by Collision Type and Crash Severity Level 680 
for Undivided Roadway Segments 681 

Proportion of crashes by collision type and crash severity level 

Severity level 

Collision type 
 Total Fatal and injury Fatal and injurya PDO 

Head-on 0.009 0.029 0.043 0.001 

Sideswipe 0.098 0.048 0.044 0.120 

Rear-end 0.246 0.305 0.217 0.220 

Angle 0.356 0.352 0.348 0.358 

Single 0.238 0.238 0.304 0.237 

Other 0.053 0.028 0.044 0.064 

NOTE: a Using the KABCO scale, these include only KAB accidents.  Crashes with severity level C (possible injury) 682 
are not included. 683 

 684 

Appendix B presents alternative SPFs that can be applied to predict accident 685 
frequencies for selected collision types for undivided roadway segments on rural 686 
multilane highways.  Use of these alternative models may be considered when 687 
estimates are needed for a specific collision type rather than for all crash types 688 
combined.  It should be noted that the alternative SPFs in Appendix B do not address 689 
all potential collision types of interest and there is no assurance that the estimates for 690 
individual collision types would sum to the estimate for all collision types combined 691 
provided by the models in Exhibit 11-5. 692 

11.6.2. Safety Performance Functions for Divided Roadway Segments 693 

The predictive model for estimating predicted average crash frequency on a 694 
particular divided rural multilane roadway segment was presented in Equation 11-3 695 
in Section 11.3. The effect of traffic volume (AADT) on crash frequency is 696 
incorporated through the SPF, while the effects of geometric design and traffic 697 
control features are incorporated through the AMFs. The SPF for divided rural 698 
multilane highway segments is presented in this section. Divided rural multilane 699 
highway roadway segments are defined in Section 11.3. 700 

Some divided highways have two roadways, built at different times, with 701 
independent alignments and distinctly different roadway characteristics, separated 702 
by a wide median. In this situation, it may be appropriate to apply the divided 703 
highway methodology twice, separately for the characteristics of each roadway but 704 
using the combined traffic volume, and then average the predicted accident 705 
frequencies. 706 

The base conditions for the SPF for divided roadway segments on rural 707 
multilane highways are: 708 

 Lane width (LW)  12 feet 709 

 Right shoulder width  8 feet 710 

 Median width   30 feet 711 

 Lighting   None 712 

 Automated speed enforcement None 713 

The base conditions for 

divided rural multilane 

highways are summarized 

here. 
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The SPF for expected average crash frequency for divided roadway segments on 714 
rural multilane highways is shown in Equation 11-9 and presented graphically in 715 
Exhibit 11-9: 716 

 ))ln()ln(( LAADTbae +×+=rd spfN  (11-9) 717 

 Where, 718 

  Nspf rd = base total number of roadway segment accidents per year; 719 

 AADT = annual average daily traffic (vehicles/day) on roadway 720 
segment; 721 

 L = length of roadway segment (miles); 722 

 a, b = regression coefficients. 723 

Guidance on the estimation of traffic volumes for roadway segments for use in 724 
the SPFs is presented in Step 3 of the predictive method described in Section 11.4.  725 
The SPFs for undivided roadway segments on rural multilane highways are 726 
applicable to the AADT range from 0 to 89,300 vehicles per day.  Application to sites 727 
with AADTs substantially outside this range may not provide reliable results. 728 

The value of the overdispersion parameter is determined as a function of 729 
segment length as:  730 

 
ln(L))(ce

1k +=  (11-10) 731 

 Where, 732 

 K = overdispersion parameter associated with the roadway 733 
segment; 734 

 L = length of roadway segment (mi); and 735 

 c  = a regression coefficient used to determine the overdispersion 736 
parameter. 737 

Exhibit 11-8 presents the values for the coefficients used in applying Equations 738 
11-9 and 11-10.  739 

Exhibit 11-8: SPF Coefficients for Total and Fatal-and-Injury Accidents on Divided 740 
Roadway Segments (for use in Equations 11-9 and 11-10) 741 

Severity level a b c 

4-lane total -9.025 1.049 1.549 

4-lane fatal and injury -8.837 0.958 1.687 

4-lane fatal and injurya -8.505 0.874 1.740 

NOTE: a Using the KABCO scale, these include only KAB accidents.  Crashes with severity level C (possible injury) 742 
are not included. 743 
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Exhibit 11-9: Graphical Form of SPF for Rural Multilane Divided Roadway Segments  744 
(from Equation 11-9 and Exhibit 11-8)  745 
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 746 
The default proportions in Exhibit 11-8 are used to break down the accident 747 

frequencies from Equation 11-9 into specific collision types. To do so, the user 748 
multiplies the accident frequency for a specific severity level from Equation 11-9 by 749 
the appropriate collision type proportion for that severity level from Exhibit 11-10 to 750 
estimate the number of accidents for that collision type. Exhibit 11-10 is intended to 751 
separate the predicted frequencies for total accidents (all severity levels combined), 752 
fatal-and-injury accidents, and fatal-and-injury accidents (with possible injuries 753 
excluded) into components by collision type. Exhibit 11-10 cannot be used to separate 754 
predicted total accident frequencies into components by severity level.  Ratios for 755 
PDO crashes are provided for application where the user has access to predictive 756 
models for that severity level. The default collision type proportions shown in Exhibit 757 
11-10 may be updated with local data. 758 

Exhibit 11-10:  Default Distribution of Crashes by Collision Type and Crash Severity 759 
Level for Divided Roadway Segments 760 

Proportion of crashes by collision type and crash severity level 

Severity level 
Collision type 

 Total Fatal and injury Fatal and injurya PDO 

Head-on 0.006 0.013 0.018 0.002 

Sideswipe 0.043 0.027 0.022 0.053 

Rear-end 0.116 0.163 0.114 0.088 

Angle 0.043 0.048 0.045 0.041 

Single 0.768 0.727 0.778 0.792 

Other 0.024 0.022 0.023 0.024 

NOTE: a Using the KABCO scale, these include only KAB accidents.  Crashes with severity level C (possible injury) 761 
are not included. 762 

11.6.3. Safety Performance Functions for Intersections 763 

The predictive model for estimating predicted average crash frequency at 764 
particular rural multilane intersection was presented in Equation 11-4. The effect of 765 
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traffic volume (AADT) on accident frequency is incorporated through the SPF, while 766 
the effects of geometric design and traffic control features are incorporated through 767 
the AMFs. The SPFs for rural multilane highway intersection are presented in this 768 
section. Three and four-leg STOP controlled and four-leg signalized rural multilane 769 
highway intersections are defined in Section 11.3. 770 

SPFs have been developed for three types of intersections on rural multilane 771 
highways. These models can be used for intersections located on both divided and 772 
undivided rural four-lane highways. The three types of intersections are: 773 

 Three-leg intersections with minor road stop control (3ST) 774 

 Four-leg intersections with minor road stop control (4ST) 775 

 Four-leg signalized intersections (4SG) 776 

The SPFs for four-leg signalized intersections (4SG) on rural multilane highways 777 
have no specific base conditions and, therefore, can only be applied for generalized 778 
predictions.  No AMFs are provided for 4SG intersections and predictions of average 779 
crash frequency cannot be made for intersections with specific geometric design and 780 
traffic control features. 781 

Models for three-leg signalized intersections on rural multilane roads are not 782 
available.  783 

The SPFs for three- and four-leg stop-controlled intersections (3ST and 4ST) on 784 
rural multilane highways are applicable to the following base conditions: 785 

 Intersection skew angle  0° 786 

 Intersection left-turn lanes 0, except on stop-controlled approaches 787 

 Intersection right-turn lanes 0, except on stop-controlled approaches 788 

 Lighting   None 789 

The SPFs for accident frequency have two alternative functional forms, shown in 790 
Equations 11-11 and 11-12, and presented graphically in Exhibit 11-13, 11-14 and 11-791 
15 (for total crashes only): 792 

 )]ln(AADTc)ln(AADTbexp[aN minmajspfint ×+×+=  (11-11) 793 

or 794 

 )]ln(AADTdexp[aN totspfint ×+=  (11-12) 795 

 Where, 796 

 Nspf int  = SPF estimate of intersection-related expected average crash 797 
frequency for base conditions; 798 

 AADTmaj = AADT (vehicles per day) for major road approaches; 799 

 AADTmin = AADT (vehicles per day) for minor road approaches; 800 

  AADTtot = AADT (vehicles per day) for minor and major roads 801 
combined approaches;  802 

 a, b, c, d = regression coefficients. 803 

The base conditions for 

three- and four-leg stop-

controlled intersections on 

rural multilane highway are 

summarized here. 
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The functional form shown in Equation 11-11 is used for most site types and 804 
crash severity levels; the functional form shown in Equation 11-12 is used for only 805 
one specific combination of site type and facility type – four-leg signalized 806 
intersections for fatal-and-injury accidents (excluding possible injuries) – as shown in 807 
Exhibit 11-12. 808 

Guidance on the estimation of traffic volumes for the major- and minor road legs 809 
for use in the SPFs is presented in Step 3 of the predictive method described in 810 
Section 11.4.  The intersection SPFs for rural multilane highways are applicable to the 811 
following AADT ranges: 812 

 3ST:  AADTmaj 0 to 78,300 vehicles per day and  813 

 AADTmin 0 to 23,000 vehicles per day 814 

 4ST:  AADTmaj 0 to 78,300 vehicles per day and   815 
 AADTmin 0 to 7,400 vehicles per day 816 

 4SG:  AADTmaj 0 to 43,500 vehicles per day and   817 
 AADTmin 0 to 18,500 vehicles per day 818 

Application to sites with AADTs substantially outside these ranges may not provide 819 
reliable results. 820 

Exhibit 11-11 presents the values of the coefficients a, b, and c used in applying 821 
Equation 11-11 for stop-controlled intersections, along with the overdispersion 822 
parameter and the base conditions. 823 

Exhibit 11-12 presents the values of the coefficients a, b, c, and d used in applying 824 
Equations 11-11 and 11-12 for four-leg signalized intersections, along with the 825 
overdispersion parameter. Coefficients a, b, and c are provided for total accidents and 826 
are applied to the SPF shown in Equation 11-11.  Coefficients a and d are provided 827 
for injury accidents and are applied to the SPF shown in Equation 11-12.  SPFs for 828 
three-leg signalized intersections on rural multilane roads are not currently available. 829 

Separate calibration of the models in Exhibits 11-11 and 11-12 for application to 830 
intersections on undivided and divided roadway segments would be desirable, if 831 
feasible. Calibration procedures are presented in the Appendix to Part C. 832 

Exhibit 11-11:  SPF Coefficients for Three- and Four-leg Intersections with Minor road 833 
Stop Control for Total and Fatal-and-Injury Accidents (for use in 834 
Equation 11-11)  835 

Intersection type/severity level a b c 

Overdispersion 
parameter 
(fixed k)a 

4ST Total -10.008 0.848 0.448 0.494 

4ST Fatal and injury -11.554 0.888 0.525 0.742 

4ST Fatal and injuryb -10.734 0.828 0.412 0.655 

3ST Total -12.526 1.204 0.236 0.460 

3ST Fatal and injury -12.664 1.107 0.272 0.569 

3ST Fatal and injuryb -11.989 1.013 0.228 0.566 

NOTE: a This value should be used directly as the overdispersion parameter; no further computation is required. 836 
 b Using the KABCO scale, these include only KAB accidents.  Crashes with severity level C (possible injury) 837 

are not included. 838 
 839 



Highway Safety Manual – 1st Edition Current as of April 6, 2009 

Part C / Predictive Method  Page 11-25 
Chapter 11—Rural Multilane Highways 

Exhibit 11-12:  SPF Coefficients for Four-leg Signalized Intersections for Total and Fatal-840 
and-Injury Accidents (for use in Equations 11-11 and 11-12)  841 

Intersection type/ 
severity level a b c d 

Overdispersion parameter 
(fixed k)a 

4SG Total -7.182 0.722 0.337  0.277 

4SG Fatal and injury -6.393 0.638 0.232  0.218 

4SG Fatal and injuryb -12.011   1.279 0.566 

NOTE: a This value should be used directly as the overdispersion parameter; no further computation is required. 842 
 b Using the KABCO scale, these include only KAB accidents.  Crashes with severity level C (possible injury) 843 

are not included. 844 
 845 

Exhibit 11-13:  Graphical Form of SPF for three-leg STOP-controlled Intersections - for 846 
Total Crashes Only (from Equation 11-11 and Exhibit 11-11)  847 
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 848 

Exhibit 11-14:  Graphical Form of SPF for Four-leg STOP-controlled Intersections - for 849 
Total Crashes only (from Equation 11-11 and Exhibit 11-11)  850 
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Exhibit 11-15:  Graphical Form of SPF for Four-leg Signalized Intersections - for Total 852 
Crashes only (from Equation 11-11 and Exhibit 11-11)  853 
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 854 
The default proportions in Exhibit 11-16 are used to break down the accident 855 

frequencies from Equation 11-11 into specific collision types. To do so the user 856 
multiplies the predicted average frequency for a specific crash severity level from 857 
Equation 11-11 by the appropriate collision type proportion for that crash severity 858 
level from Exhibit 11-16 to estimate the predicted average crash frequency for that 859 
collision type. Exhibit 11-16 separates the predicted frequencies for total accidents (all 860 
severity levels combined), fatal-and-injury accidents, and fatal-and-injury accidents 861 
(with possible injuries excluded) into components by collision type. Exhibit 11-16 862 
cannot be used to separate predicted total accident frequencies into components by 863 
crash severity level.  Ratios for PDO crashes are provided for application where the 864 
user has access to predictive models for that crash severity level. The default collision 865 
type proportions shown in Exhibit 11-16 may be updated with local data. 866 

There are a variety of factors that may affect the distribution of crashes among 867 
crash types and crash severity levels.  To account for potential differences in these 868 
factors between jurisdictions, it is recommended that the values in Exhibit 11-16 be 869 
updated with local data. The values for total, fatal and injury, and fatal and injury 870 
(excluding accidents involving only possible injuries) in this exhibit are used in the 871 
worksheets described in Appendix A. 872 

 873 
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Exhibit 11-16:  Default Distribution of Intersection Crashes by Collision Type and Crash 874 
Severity 875 

 Proportion of crashes by severity level 

Three-leg intersections with minor road 
stop control 

Four-leg intersections with minor road 
stop control 

Collision 
type 

Total Fatal 
and 

injury 

Fatal 
and 

injurya 

PDO Total Fatal 
and 

injury 

Fatal 
and 

injurya 

PDO 

Head-on 0.029 0.043 0.052 0.020 0.016 0.018 0.023 0.015 

Sideswipe 0.133 0.058 0.057 0.179 0.107 0.042 0.040 0.156 

Rear-end 0.289 0.247 0.142 0.315 0.228 0.213 0.108 0.240 

Angle 0.263 0.369 0.381 0.198 0.395 0.534 0.571 0.292 

Single 0.234 0.219 0.284 0.244 0.202 0.148 0.199 0.243 

Other 0.052 0.064 0.084 0.044 0.051 0.046 0.059 0.055 

Three-leg signalized intersections Four-leg signalized intersections Collision 
type Total Fatal 

and 
injury 

Fatal 
and 

injurya 

PDO Total Fatal 
and 

injury 

Fatal 
and 

injurya 

PDO 

Head-on -- -- -- -- 0.054 0.083 0.093 0.034 

Sideswipe -- -- -- -- 0.106 0.047 0.039 0.147 

Rear-end -- -- -- -- 0.492 0.472 0.314 0.505 

Angle -- -- -- -- 0.256 0.315 0.407 0.215 

Single -- -- -- -- 0.062 0.041 0.078 0.077 

Other -- -- -- -- 0.030 0.041 0.069 0.023 

NOTE: a Using the KABCO scale, these include only KAB accidents.  Crashes with severity level C (possible injury) 876 
are not included. 877 

 878 

Appendix B presents alternative SPFs that can be applied to predict accident 879 
frequencies for selected collision types for intersections with minor road stop control 880 
on rural multilane highways.  Use of these alternative models may be considered 881 
when safety predictions are needed for a specific collision type rather than for all 882 
crash types combined.  Care must be exercised in using the alternative SPFs in 883 
Appendix B because they do not address all potential collision types of interest and 884 
because there is no assurance that the safety predictions for individual collision types 885 
would sum to the predictions for all collision types combined provided by the 886 
models in Exhibit 11-11. 887 

11.7. ACCIDENT MODIFICATION FACTORS 888 

In Step 10 of the predictive method shown in Section 11.4, Accident Modification 889 
Factors are applied to the selected Safety Performance Function, which was selected 890 
in Step 9.  SPFs provided in Chapter 11 are presented in Section 11.6. A general 891 
overview of Accident Modification Factors (AMFs) is presented in Chapter 3 Section 892 
3.5.3. The Part C Introduction and Applications Guidance provides further discussion on 893 
the relationship of AMFs to the predictive method. This section provides details of 894 
the specific AMFs applicable to the Safety Performance Functions presented in 895 
Section 11.6. 896 

Accident Modification Factors (AMFs) are used to adjust the SPF estimate of 897 
expected average crash frequency for the effect of individual geometric design and 898 
traffic control features, as shown in the general predictive model for Chapter 11 899 
shown in Equation 11-1. The AMF for the SPF base condition of each geometric 900 

A general overview of 

Accident Modification 

Factors (AMFs) is presented 

in Chapter 3 Section 3.5.3. 
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design or traffic control feature has a value of 1.00. Any feature associated with 901 
higher average crash frequency than the SPF base condition has an AMF with a value 902 
greater than 1.00; any feature associated with lower average crash frequency than the 903 
SPF base condition has an AMF with a value less than 1.00. 904 

The AMFs in Chapter 11 were determined from a comprehensive literature review by 905 
an expert panel(5). They represent the collective judgment of the expert panel 906 
concerning the effects of each geometric design and traffic control feature of interest. 907 
Others were derived by modeling data assembled for developing the predictive 908 
models rural multilane roads. The AMFs used in Chapter 11 are consistent with the 909 
AMFs in the Part D, although they have, in some cases, been expressed in a different 910 
form to be applicable to the base conditions. The AMFs presented in Chapter 11 and, 911 
the specific SPFs to which they apply, are summarized in Exhibit 11-17. 912 

Exhibit 11-17:  Summary of AMFs in Chapter 11 and the Corresponding SPFs  913 

Applicable SPF AMF AMF Description AMF Equations and Exhibits 

AMF1ru 
Lane Width on Undivided 

Segments 
Equation 11-13, 

Exhibit 11-18, 11-19 

AMF2ru Shoulder Width and Shoulder Type 
Equation 11-14, 

Exhibit 11-20, 11-21,11-22 

AMF3ru Side Slopes Exhibit 11-23 

AMF4ru Lighting Equation 11-15, Exhibit 11-24 

Undivided 
Roadway 

Segment SPF 

AMF5ru Automated Speed Enforcement See text 

AMF1rd Lane Width on Divided Segments Equation 11-16, Exhibit 11-25, 
11-26 

AMF2rd 
Right Shoulder Width on Divided 

Roadway Segment Exhibit 11-27 

AMF3rd Median Width Exhibit 11-28 

AMF4rd Lighting Equation 11-17, Exhibit 11-29 

Divided Roadway 
Segment SPF 

AMF5rd Automated Speed Enforcement See text 

AMF1i Intersection Angle Exhibit 11-30, 11-31 

AMF2i Left-Turn Lane on Major Road Exhibit 11-30, 11-31 

AMF3i Right-Turn Lane on Major Road Exhibit 11-30, 11-31 

Three- and four-
leg STOP-
controlled 

Intersection SPFs 
AMF4i Lighting Exhibit 11-30, 11-31 

 914 

11.7.1. Accident Modification Factors for Undivided Roadway Segments 915 

The AMFs for geometric design and traffic control features of undivided 916 
roadway segments are presented below. These AMFs are applicable to the SPF 917 
presented in Section 11.6.1 for undivided roadway segments on rural multilane 918 
highways. Each of the AMFs applies to all of the crash severity levels shown in 919 
Exhibit 11-5. 920 

Summary of AMFs in 

Chapter 11 and the 

corresponding SPFs. 

Section 11.7.1 provides the 

AMFs to be used with 

undivided roadway  

segments. 
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AMF1ru - Lane Width 921 

The AMF for lane width on undivided segments is based on the work of Harkey 922 
et al.(3) and is determined as follows: 923 

 1.0p1.0)(AMF AMF RARA1ru +×−=  (11-13) 924 

 Where, 925 

 AMF1ru = Accident Modification Factor for total accidents 926 

 AMFRA = Accident Modification Factor for related accidents (run-off-927 
the-road, head-on, and sideswipe), from Exhibit 11-18 928 

  pRA = proportion of total accidents constituted by related accidents 929 
(default is 0.27) 930 

AMFRA is determined from Exhibit 11-18 based on the applicable lane width and 931 
traffic volume range. The relationships shown in Exhibit 11-18 are illustrated in 932 
Exhibit 11-19. This effect represents 75% of the effect of lane width on rural two-lane 933 
roads shown in Chapter 10. The default value of pRA for use in Equation 11-13 is 0.27, 934 
which indicates that run-off-road, head-on, and sideswipe accidents typically 935 
represent 27% of total accidents. This default value may be updated based on local 936 
data. The SPF base condition for the lane width is 12-ft. Where the lane widths on a 937 
roadway vary, the AMF is determined separately for the lane width in each direction 938 
of travel and the resulting AMFs are then averaged. 939 

For lane widths with 0.5-ft increments that are not depicted specifically in Exhibit 940 
11-18 or in Exhibit 11-19, an AMF value can be interpolated using either of these 941 
exhibits since there is a linear transition between the various AADT effects.  942 

Exhibit 11-18:  AMFRA for Collision Types Related to Lane Width  943 

Average Annual Daily Traffic (AADT) (vehicles/day) 
Lane Width < 400 400 to 2000 > 2000 

9-ft or less 1.04 1.04+2.13x10-4(AADT-400) 1.38 

10-ft 1.02 1.02+1.31x10-4(AADT-400) 1.23 

11-ft 1.01 1.01+1.88x10-5(AADT-400) 1.04 

12-ft or more 1.00 1.00 1.00 

 944 

The first of five AMFs for 

use on undivided roadway 

segments is an AMF for 

lane width. 
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Exhibit 11-19:  AMFRA for Lane Width on Undivided Segments 945 
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 946 

AMF2ru  - Shoulder Width  947 

The AMF for shoulder width on undivided segments is based on the work of 948 
Harkey et al. (3) and is determined as follows: 949 

 1.0p1.0)AMF(AMF AMF RATRAWRA2ru +×−×=  (11-14) 950 

 Where, 951 

 AMF2ru = Accident Modification Factor for total accidents 952 

 AMFWRA = Accident Modification Factor for related accidents based on 953 
shoulder width from Exhibit 11-20   954 

 AMFTRA =   Accident Modification Factor for related accidents based on 955 
shoulder type from Exhibit 11-22   956 

   pRA = proportion of total accidents constituted by related accidents 957 
(default is 0.27) 958 

 AMFWRA is determined from Exhibit 11-20 based on the applicable shoulder 959 
width and traffic volume range. The relationships shown in Exhibit 11-20 are 960 
illustrated in Exhibit 11-21. The default value of pRA for use in Equation 11-14 is 0.27, 961 
which indicates that run-off-road, head-on, and sideswipe accidents typically 962 
represent 27% of total accidents. This default value may be updated based on local 963 
data. The SPF base condition for shoulder width is 6-ft. 964 

The second of five AMFs for 

use on undivided roadway 

segments is an AMF for 

shoulder width and type. 
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Exhibit 11-20:  AMF for Collision Types Related to Shoulder Width (AMFWRA) 965 

Annual Average Daily Traffic (AADT) (vehicles/day) 
Shoulder Width < 400 400 to 2000 > 2000 

0-ft 1.10 1.10 + 2.5 x 10-4 (AADT - 400) 1.50 

2-ft 1.07 1.07 + 1.43 x 10-4 (AADT - 400) 1.30 

4-ft 1.02 1.02 + 8.125 x 10-5 (AADT - 400) 1.15 

6-ft 1.00 1.00 1.00 

8-ft or more 0.98 0.98 + 6.875 x 10-5 (AADT - 400) 0.87 

 966 

Exhibit 11-21: AMFWRA for Shoulder Width on Undivided Segments 967 
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 968 
 AMFTRA is determined from Exhibit 11-22 based on the applicable shoulder type 969 

and shoulder width. 970 

Exhibit 11-22: AMF for Collision Types Related to Shoulder Type and Shoulder Width 971 
(AMFTRA) 972 

Shoulder Width (ft) Shoulder  
Type 0 1 2 3 4 6 8 10 

Paved 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Gravel 1.00 1.00 1.01 1.01 1.01 1.02 1.02 1.03 

Composite 1.00 1.01 1.02 1.02 1.03 1.04 1.06 1.07 

Turf 1.00 1.01 1.03 1.04 1.05 1.08 1.11 1.14 

 973 

If the shoulder types and/or widths for the two directions of a roadway segment 974 
differ, the AMF is determined separately for the shoulder type and width in each 975 
direction of travel and the resulting AMFs are then averaged. 976 
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AMF3ru - Side Slopes 977 

An AMF for the side slope for undivided roadway segments of rural multilane 978 
highways has been developed by Harkey et al.(3) from  the work of Zegeer et al.(8) The 979 
AMF is presented in Exhibit 11-23. The base conditions are for a side slope of 1:7 or 980 
flatter.  981 

Exhibit 11-23:  AMF for Side Slope on Undivided Roadway Segments (AMF3ru) 982 

1:2 or Steeper 1:4 1:5 1:6 1:7 or Flatter 

1.18 1.12 1.09 1.05 1.00 

AMF4ru - Lighting 983 

The SPF base condition for lighting of roadway segments is the absence of 984 
lighting.  The AMF for lighted roadway segments is determined, based on the work 985 
of Elvik and Vaa (1), as: 986 

 AMF4ru = 1 - [(1 – 0.72 x pinr – 0.83 x ppnr) x pnr]  (11-15) 987 

 Where, 988 

 AMF4ru = Accident Modification Factor for the effect of lighting on total 989 
accidents; 990 

 pinr = proportion of total nighttime accidents for unlighted 991 
roadway segments that involve a fatality or injury 992 

 ppnr = proportion of total nighttime accidents for unlighted 993 
roadway segments that involve property damage only; and 994 

 pnr = proportion of total accidents for unlighted roadway segments 995 
that occur at night. 996 

This AMF applies to total roadway segment accidents.  Exhibit 11-24 presents default 997 
values for the nighttime accident proportions pinr, ppnr, and pnr. HSM users are 998 
encouraged to replace the estimates in Exhibit 11-24 with locally derived values.   999 

Exhibit 11-24:  Night-time Accident Proportions for Unlighted Roadway Segments 1000 

Proportion of total night-time 
accidents by severity level 

Proportion of accidents that  
occur at night 

Roadway 
Type  

Fatal and 
injury pinr 

PDO ppnr pnr 

4U 0.361 0.639 0.255 

AMF5ru - Automated Speed Enforcement 1001 

Automated speed enforcement systems use video or photographic identification 1002 
in conjunction with radar or lasers to detect speeding drivers.  These systems 1003 
automatically record vehicle identification information without the need for police 1004 
officers at the scene.  The SPF base condition for automated speed enforcement is that 1005 
it is absent.  Chapter 17 presents an AMF of 0.83 for the reduction of all types of injury 1006 
accidents from implementation of automated speed enforcement.  This AMF applies 1007 
to roadway segments with fixed camera sites where the camera is always present or 1008 
where drivers have no way of knowing whether the camera is present or not. Fatal 1009 
and injury accidents constitute 31% of total accidents on rural two-lane highway 1010 
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segments. No information is available on the effect of automated speed enforcement 1011 
on noninjury accidents. With the conservative assumption that automated speed 1012 
enforcement has no effect on noninjury crashes, the value of AMF5ru for automated 1013 
speed enforcement would be 0.95 based on the injury accident proportion.  1014 

11.7.2. Accident Modification Factors for Divided Roadway Segments 1015 

The AMFs for geometric design and traffic control features of divided roadway 1016 
segments for rural multilane highways are presented below. Each of the AMFs 1017 
applies to all of the crash severity levels shown in Exhibit 11-8.   1018 

AMF1rd - Lane Width on Divided Roadway Segments 1019 

The AMF for lane width on divided segments is based on the work of Harkey et 1020 
al.(3) and is determined as follows: 1021 

 1.0p1.0)(AMF AMF RARA1rd +×−=  (11-16) 1022 

 Where, 1023 

 AMF1rd = Accident Modification Factor for total accidents 1024 

 AMFRA = Accident Modification Factor for related accidents (run-off-1025 
the-road, head-on, and sideswipe), from Exhibit 11-25 1026 

 pRA =   proportion of total accidents constituted by related 1027 
accidents (default is 0.50) 1028 

AMFRA is determined from Exhibit 11-25 based on the applicable lane width and 1029 
traffic volume range. The relationships shown in Exhibit 11-25 are illustrated in 1030 
Exhibit 11-26. This effect represents 50% of the effect of lane width on rural two-lane 1031 
roads shown in Chapter 10. The default value of pRA for use in Equation 11-16 is 0.50, 1032 
which indicates that run-off-road, head-on, and sideswipe accidents typically 1033 
represent 50% of total accidents. This default value may be updated based on local 1034 
data. The SPF base condition for lane width is 12-ft. Where the lane widths on a 1035 
roadway vary, the AMF is determined separately for the lane width in each direction 1036 
of travel and the resulting AMFs are then averaged. 1037 

Exhibit 11-25:  AMF for Collision Types Related to Lane Width (AMFRA) 1038 

Annual Average Daily Traffic (AADT) (vehicles/day) 
Lane Width < 400 400 to 2000 > 2000 

9-ft 1.03 1.03+1.38x10-4(AADT-400) 1.25 

10-ft 1.01 1.01+8.75x10-5(AADT-400) 1.15 

11-ft 1.01 1.01+1.25x10-5(AADT-400) 1.03 

12-ft 1.00 1.00 1.00 
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Exhibit 11-26:  AMFRA for Lane Width on Divided Roadway Segments  1039 
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 1040 

AMF2rd - Right Shoulder Width on Divided Roadway Segments 1041 

The AMF for right shoulder width on divided roadway segments was developed 1042 
by Lord et al.(5) and is presented in Exhibit 11-27. The SPF base condition for the right 1043 
shoulder width variable is 8 feet. If the shoulder widths for the two directions of 1044 
travel differ, the AMF is based on the average of the shoulder widths. The safety 1045 
effects of shoulder widths wider than 8-ft are unknown, but it is recommended that 1046 
an AMF of 1.00 be used in this case. 1047 

The effects of unpaved right shoulders on divided roadway segments and of left 1048 
(median) shoulders of any width or material are unknown. No AMFs are available 1049 
for these cases. 1050 

Exhibit 11-27:  AMF for Right Shoulder Width on Divided Roadway Segments (AMF2rd) 1051 

Average Shoulder Width (ft) 

0 2 4 6 8 or more 

1.18 1.13 1.09 1.04 1.00 

NOTE: This AMF applies to paved shoulders only. 1052 

AMF3rd - Median Width 1053 

An AMF for median widths on divided roadway segments of rural multilane 1054 
highways is presented in Exhibit 11-28 based on the work of Harkey et al.(3) The 1055 
median width of a divided highway is measure d between the inside edges of the 1056 
through travel lanes in the opposing direction of travel; thus, inside shoulder and 1057 
turning lanes are included in the median width. The base condition for this AMF is a 1058 
median width of 30-ft. The AMF applies to total crashes, but represents the effect of 1059 
median width in reducing cross-median collisions; the AMF assumes that 1060 
nonintersection collision types other than cross-median collisions are not affected by 1061 
median width. The AMF in Exhibit 11-28 has been adapted from the AMF in Exhibit 1062 
13-15 based on the estimate by Harkey et al.(3) that cross-median collisions represent 1063 
12.2% of crashes on multilane divided highways. 1064 

This AMF applies only to traversable medians without traffic barriers. The effect 1065 
of traffic barriers on safety would be expected to be a function of the barrier type and 1066 
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offset, rather than the median width; however, the effects of these factors on safety 1067 
have not been quantified. Until better information is available, an AMF value of 1.00 1068 
is used for medians with traffic barriers. 1069 

Exhibit 11-28:  AMFs for Median Width on Divided Roadway Segments without a Median 1070 
Barrier (AMF3rd) 1071 

Median width (ft) AMF 

10 1.04 

20 1.02 

30 1.00 

40 0.99 

50 0.97 

60 0.96 

70 0.96 

80 0.95 

90 0.94 

100 0.94 

NOTE:  This AMF applies only to medians without traffic barriers. 1072 

AMF4rd - Lighting 1073 

The SPF base condition for lighting is the absence of roadway segment lighting.  1074 
The AMF for lighted roadway segments is determined, based on the work of Elvik 1075 
and Vaa (1), as: 1076 

 AMF5rd = 1 - [(1 – 0.72 x pinr – 0.83 x ppnr) x pnr]  (11-17) 1077 

 Where, 1078 

 AMF5rd = Accident Modification Factor for the effect of lighting on total 1079 
accidents; 1080 

 pinr = proportion of total night-time accidents for unlighted 1081 
roadway segments that involve a fatality or injury; 1082 

 ppnr = proportion of total night-time accidents for unlighted 1083 
roadway segments that involve property damage only;  1084 

 pnr = proportion of total accidents for unlighted roadway segments 1085 
that occur at night. 1086 

This AMF applies to total roadway segment accidents.  Exhibit 11-29 presents default 1087 
values for the nighttime accident proportions pinr, ppnr, and pnr. HSM users are 1088 
encouraged to replace the estimates in Exhibit 11-29 with locally derived values.   1089 

 1090 

 1091 

 1092 

 1093 

 1094 

 1095 
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Exhibit 11-29:  Nighttime Accident Proportions for Unlighted Roadway Segments 1096 

Proportion of total nighttime 
accidents by severity level 

Proportion of accidents that  
occur at night 

Roadway 
Type  

Fatality and 
injury pinr 

PDO ppnr pnr 

4D 0.323 0.677 0.426 

AMF5rd - Automated Speed Enforcement 1097 

Automated speed enforcement systems use video or photographic identification 1098 
in conjunction with radar or lasers to detect speeding drivers.  These systems 1099 
automatically record vehicle identification information without the need for police 1100 
officers at the scene.  The SPF base condition for automated speed enforcement is that 1101 
it is absent.  Chapter 17 presents an AMF of 0.83 for the reduction of all types of fatal 1102 
and injury accidents from implementation of automated speed enforcement.  This 1103 
AMF applies to roadway segments with fixed camera sites where the camera is 1104 
always present or where drivers have no way of knowing whether the camera is 1105 
present or not.  Fatal and injury accidents constitute 37% of total accidents on rural 1106 
multilane divided highway segments. No information is available on the effect of 1107 
automated speed enforcement on noninjury accidents. With the conservative 1108 
assumption that automated speed enforcement has no effect on noninjury crashes, 1109 
the value of AMF5ru for automated speed enforcement would be 0.94 based on the 1110 
injury accident proportion. 1111 

11.7.3. Accident Modification Factors for Intersections 1112 

The effects of individual geometric design and traffic control features of 1113 
intersections are represented in the safety prediction procedure by AMFs. The 1114 
equations and exhibits relating to AMFs for stop-controlled intersections are 1115 
summarized in Exhibits 11-30 and 11-31 and presented below. Except where separate 1116 
AMFs by crash severity level are shown, each of the AMFs applies to all of the crash 1117 
severity levels shown in Exhibit 11-11. As noted earlier, AMFs are not available for 1118 
signalized intersections. 1119 

Exhibit 11-30:  AMFs for Three-leg Intersections with Minor Road Stop Control (3ST) 1120 

AMFs Total Fatal and injury 

Intersection Angle Equation 11-18 Equation 11-19 

Left-Turn Lane on Major Road Exhibit 11-32 Exhibit 11-32 

Right-Turn Lane on Major 
Road Exhibit 11-33 Exhibit 11-33 

Lighting Equation 11-22 Equation 11-22 

 1121 
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Exhibit 11-31:  AMFs for Four-leg Intersection with Minor Road Stop Control (4ST) 1122 

AMFs Total Fatal and injury 

Intersection Angle Equation 11-20 Equation 11-21 

Left-turn Lane on Major 
Road Exhibit 11-32 Exhibit 11-32 

Right-turn Lane on Major 
Road Exhibit 11-33 Exhibit 11-33 

Lighting Equation 11-22 Equation 11-22 

AMF1i - Intersection Skew Angle 1123 

The SPF base condition for intersection skew angle is 0 degrees of skew (i.e., an 1124 
intersection angle of 90 degrees). Reducing the skew angle of three- or four-leg stop-1125 
controlled intersections on rural multilane highways reduces total intersection 1126 
accidents, as shown below. The skew angle is the deviation from an intersection 1127 
angle of 90 degrees. Skew carries a positive or negative sign that indicates whether 1128 
the minor road intersects the major road at an acute or obtuse angle, respectively  1129 

Three-Leg Intersections with Stop-Control on the Minor Approach 1130 

The AMF for total crashes for intersection skew angle at three-leg intersections 1131 
with STOP-control on the minor approach is:  1132 

 1.0
SKEW)0.16(0.98

SKEW0.016AMF1i +
×+

×
=  (11-18)  1133 

and the AMF for fatal-and-injury  crashes is: 1134 

 1.0
SKEW)0.17(0.52

SKEW0.017AMF1i +
×+

×
=  (11-19)  1135 

 Where, 1136 

 AMF1i= Accident Modification Factor for the effect of intersection 1137 
skew on total accidents;  1138 

 SKEW = intersection skew angle (in degrees); the absolute value of the 1139 
difference between 90 degrees and the actual intersection 1140 
angle. 1141 

Four-Leg Intersections with Stop-Control on the Minor Approaches 1142 

The AMF for total crashes for intersection angle at four-leg intersection with 1143 
STOP-control on the minor approaches is:  1144 

 1.0
SKEW)0.53(1.43

SKEW0.053AMF1i +
×+

×
=  (11-20) 1145 

The AMF for fatal-and-injury crashes is: 1146 

 1.0
SKEW)0.48(0.72

SKEW0.048AMF1i +
×+

×
=  (11-21) 1147 

The first of four AMFs for 

intersections is an AMF for 
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AMF2i - Intersection Left-Turn Lanes 1148 

The SPF base condition for intersection left-turn lanes is the absence of left-turn 1149 
lanes on all of the intersection approaches. The AMFs for presence of left-turn lanes 1150 
are presented in Exhibit 11-32 for total crashes and injury crashes. These AMFs apply 1151 
only on uncontrolled major road approaches to STOP-controlled intersections. The 1152 
AMFs for installation of left-turn lanes on multiple approaches to an intersection are 1153 
equal to the corresponding AMF for installation of a left-turn lane on one approach 1154 
raised to a power equal to the number of approaches with left-turn lanes (i.e., the 1155 
AMFs are multiplicative and Equation 3-7 can be used). There is no indication of any 1156 
effect of providing a left-turn lane on an approach controlled by a STOP sign, so the 1157 
presence of a left-turn lane on a stop-controlled approach is not considered in 1158 
applying Exhibit 11-32. The AMFs for installation of left-turn lanes are based on 1159 
research by Harwood et al.(4) and are consistent with the AMFs presented in Chapter 1160 
14.  An AMF of 1.00 is used when no left-turn lanes are present.  1161 

Exhibit 11-32:  Accident Modification Factors (AMF2i) for Installation of Left-Turn Lanes 1162 
on Intersection Approaches. 1163 

Number of non-stop-controlled 
approaches with left-turn lanes a 

Intersection type Crash Severity Level One approach Two approaches 

Total 0.56 - Three-leg  
minor road  

STOP controlb Fatal and Injury 0.45 - 

Total 0.72 0.52 Four-leg  
minor road  

STOP controlb Fatal and  Injury 0.65 0.42 

NOTE: a  STOP-controlled approaches are not considered in determining the number of approaches with left-turn 1164 
lanes 1165 

 b STOP signs present on minor road approaches only. 1166 

AMF3i - Intersection Right-Turn Lanes 1167 

The SPF base condition for intersection right-turn lanes is the absence of right-1168 
turn lanes on the intersection approaches. The AMFs for the presence of right-turn 1169 
lanes are based on research by Harwood et al.(4) and are consistent with the AMFs in 1170 
Chapter 14. These AMFs apply to installation of right-turn lanes on any approach to a 1171 
signalized intersection, but only on uncontrolled major road approaches to stop-1172 
controlled intersections.  The AMFs for installation of right-turn lanes on multiple 1173 
approaches to an intersection are equal to the corresponding AMF for installation of a 1174 
right-turn lane on one approach raised to a power equal to the number of approaches 1175 
with right-turn lanes (i.e., the AMFs are multiplicative and Equation 3-7 can be used).  1176 
There is no indication of any safety effect for providing a right-turn lane on an 1177 
approach controlled by a STOP sign, so the presence of a right-turn lane on a stop-1178 
controlled approach is not considered in applying Exhibit 11-33.  The AMFs for 1179 
presence of right-turn lanes are presented in Exhibit 11-33 for total crashes and injury 1180 
crashes.  An AMF value of 1.00 is used when no right-turn lanes are present.  This 1181 
AMF applies only to right-turn lanes that are identified by marking or signing.  The 1182 
AMF is not applicable to long tapers, flares, or paved shoulders that may be used 1183 
informally by right-turn traffic.  1184 
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Exhibit 11-33:  Accident Modification Factors (AMF3i) for Installation of Right-Turn Lanes 1185 
on Intersections Approaches. 1186 

Number of non-stop-controlled 
approaches with left-turn lanes a 

Intersection type 

Crash Severity Level One approach Two approaches 

Total 0.86 - Three-leg  
minor road  
STOP controlb Fatal and Injury 0.77 - 

Total 0.86 0.74 Four-leg  
minor road  
STOP controlb  Fatal and Injury 0.77 0.59 

NOTE: a  STOP-controlled approaches are not considered in determining the number of approaches with right-turn 1187 
lanes. 1188 

 b STOP signs present on minor road approaches only. 1189 

AMF4i - Lighting 1190 

The SPF base condition for lighting is the absence of intersection lighting. The 1191 
AMF for lighted intersections is adapted from the work of Elvik and Vaa (1), as: 1192 

 
ni4i p0.38 -1.0AMF ×=  (11-22) 1193 

 Where, 1194 

 AMF4i = Accident Modification Factor for the effect of lighting on total 1195 
accidents; 1196 

 pni = proportion of total accidents for unlighted intersections that 1197 
occur at night. 1198 

This AMF applies to total intersections accidents (not including vehicle-pedestrian 1199 
and vehicle-bicycle collisions).  Exhibit 11-34 presents default values for the nighttime 1200 
accident proportion pni. HSM users are encouraged to replace the estimates in Exhibit 1201 
11-34 with locally derived values.   1202 

Exhibit 11-34:  Default Nighttime Accident Proportions for Unlighted Intersections 1203 

Intersection 
Type  

Proportion of accidents that  
occur at night, pni 

3ST 0.276 

4ST 0.273 

 1204 

11.8. CALIBRATION TO LOCAL CONDITIONS 1205 

In Step 10 of the predictive method, presented in Section 11.4, the predictive 1206 
model is calibrated to local state or geographic conditions. Accident frequencies, even 1207 
for nominally similar roadway segments or intersections, can vary widely from one 1208 
jurisdiction to another. Geographic regions differ markedly in climate, animal 1209 
population, driver populations, accident reporting threshold, and accident reporting 1210 
practices. These variations may result in some jurisdictions experiencing a different 1211 
number of traffic accidents on rural multilane highways than others. Calibration 1212 
factors are included in the methodology to allow highway agencies to adjust the SPFs 1213 
to match actual local conditions. 1214 
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The calibration factors for roadway segments and intersections (defined below as 1215 
Cr and Ci, respectively) will have values greater than 1.0 for roadways that, on 1216 
average, experience more accidents than the roadways used in the development of 1217 
the SPFs. The calibration factors for roadways that experience fewer accidents on 1218 
average than the roadways used in the development of the SPFs will have values less 1219 
than 1.0. The calibration procedures are presented in the Appendix to Part C. 1220 

Calibration factors provide one method of incorporating local data to improve 1221 
estimated accident frequencies for individual agencies or locations. Several other 1222 
default values used in the methodology, such as collision type distribution, can also 1223 
be replaced with locally derived values. The derivation of values for these parameters 1224 
is addressed in the calibration procedure in the Appendix to Part C. 1225 

11.9. LIMITATIONS OF PREDICTIVE METHODS IN CHAPTER 11 1226 

This section discusses limitations of the specific predictive models and the 1227 
application of the predictive method in Chapter 11. 1228 

Where rural multilane highways intersect access-controlled facilities (i.e., 1229 
freeways), the grade-separated interchange facility, including the rural multilane 1230 
road within the interchange area, cannot be addressed with the predictive method for 1231 
rural multilane highways. 1232 

The SPFs developed for Chapter 11 do not include signalized three-leg 1233 
intersection models.  Such intersections may be found on rural multilane highways. 1234 

AMFs have not been developed for the SPF for four-leg signalized intersections 1235 
on rural multilane highways.   1236 

11.10. APPLICATION OF CHAPTER 11 PREDICTIVE METHOD 1237 

The predictive method presented in Chapter 11 applies to rural multilane 1238 
highways. The predictive method is applied to a rural multilane highway facility by 1239 
following the 18 steps presented in Section 11.4. Worksheets are presented in 1240 
Appendix A for applying calculations in the predictive method steps specific to 1241 
Chapter 11. All computations of accident frequencies within these worksheets are 1242 
conducted with values expressed to three decimal places. This level of precision is 1243 
needed only for consistency in computations. In the last stage of computations, 1244 
rounding the final estimates of expected average crash frequency be to one decimal 1245 
place is appropriate.  1246 

11.11. SUMMARY 1247 

The predictive method can be used to estimate the expected average crash 1248 
frequency for an entire rural multilane highway facility, a single individual site, or 1249 
series of contiguous sites. A rural multilane highway facility is defined in Section 1250 
11.3, and consists of a four lane highway facility which does not have access control 1251 
and is outside of cities or towns with a population greater than 5,000 persons. 1252 

The predictive method for rural multilane highways is applied by following the 1253 
18 steps of the predictive method presented in Section 11.4.  Predictive models, 1254 
developed for rural multilane highway facilities, are applied in Steps 9, 10, and 11 of 1255 
the method.  These predictive models have been developed to estimate the predicted 1256 
average crash frequency of an individual intersection or homogenous roadway 1257 
segment. The facility is divided into these individual sites in Step 5 of the predictive 1258 
method.   1259 



Highway Safety Manual – 1st Edition Current as of April 6, 2009 

Part C / Predictive Method  Page 11-41 
Chapter 11—Rural Multilane Highways 

Each predictive model in Chapter 11 consists of a Safety Performance Function 1260 
(SPF), Accident Modification Factors (AMFs), and a calibration factor. The SPF is 1261 
selected in Step 9, and is used to estimate the predicted average crash frequency for a 1262 
site with base conditions. The estimate can be for total crashes, or by crash severity or 1263 
collision type distribution. In order to account for differences between the base 1264 
conditions and the specific conditions of the site, AMFs are applied in Step 10, which 1265 
adjust the prediction to account for the geometric design and traffic control features 1266 
of the site.  Calibration factors are also used to adjust the prediction to local 1267 
conditions in the jurisdiction where the site is located. The process for determining 1268 
calibration factors for the predictive models is described in the Part C Appendix A.1. 1269 

Where observed data are available, the EB Method is applied to improve the 1270 
reliability of the estimate. The EB Method can be applied at the site-specific level or at 1271 
the project-specific level. It may also be applied to a future time period if site 1272 
conditions will not change in the future period. The EB Method is described in the 1273 
Part C Appendix A.2.  1274 

Section 11.12 presents six sample problems which detail the application of the 1275 
predictive method.  Appendix A contains worksheets which can be used in the 1276 
calculations for the predictive method steps. 1277 
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11.12. SAMPLE PROBLEMS 1278 

In this section, six sample problems are presented using the predictive method 1279 
for rural multilane highways. Sample Problem 1 illustrates how to calculate the 1280 
predicted average crash frequency for a divided rural four-lane highway segment. 1281 
Sample Problem 2 illustrates how to calculate the predicted average crash frequency 1282 
for an undivided rural four-lane highway segment. Sample Problem 3 illustrates how 1283 
to calculate the predicted average crash frequency for a three-leg stop-controlled 1284 
intersection. Sample Problem 4 illustrates how to combine the results from Sample 1285 
Problems 1 through 3 in a case where site-specific observed crash data are available 1286 
(i.e. using the site-specific EB Method). Sample Problem 5 illustrates how to combine 1287 
the results from Sample Problems 1 through 3 in a case where site-specific observed 1288 
crash data are not available (i.e. using project level EB Method). Sample Problem 6 1289 
applies the Project Estimation Method 1 presented in Section C.7 of the Part C 1290 
Introduction and Applications Guidance, to determine the effectiveness of a proposed 1291 
upgrade from a rural two-lane roadway to a rural four-lane highway. 1292 

Exhibit 11-35:  List of Sample Problems In Chapter 11 1293 

Problem No. Page No.  Description 

1 11-43 Predicted average crash frequency for a divided roadway segment  

2 11-50 Predicted average crash frequency for an undivided roadway segment 

3 11-57 Predicted average crash frequency for a three-leg STOP-controlled 
intersection 

4 11-64 Expected average crash frequency for a facility when site-specific 
observed crash frequencies are available 

5 11-68 Expected average crash frequency for a facility when site-specific 
observed crash frequencies are not available 

6 11-72 Expected average crash frequency and the crash reduction for a 
proposed rural four-lane highway facility that will replace an existing 
rural two-lane roadway 

 1294 
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11.12.1. Sample Problem 1  1295 

The Site/Facility 1296 

A rural four-lane divided highway segment. 1297 

The Question 1298 

What is the predicted average crash frequency of the roadway segment for a 1299 
particular year? 1300 

The Facts 1301 

 1.5-mi length 

 10,000 veh/day 

 12-ft lane width 

 6-ft paved right shoulder  

 20-ft traversable median 

 No roadway lighting 

 No automated enforcement 

 

 1302 

Assumptions  1303 

 Collision type distributions are the defaults values presented in Exhibit 11-1304 
10. 1305 

 The calibration factor is assumed to be 1.10. 1306 

Results  1307 

Using the predictive method steps as outlined below, the predicted average crash 1308 
frequency for the roadway segment in Sample Problem 1 is determined to be 3.3 1309 
crashes per year (rounded to one decimal place). 1310 

Steps 1311 

Step 1 through 8 1312 

To determine the predicted average crash frequency of the roadway segment in 1313 
Sample Problem 1, only Steps 9 through 11 are conducted.  No other steps are 1314 
necessary because only one roadway segment is analyzed for one year, and the EB 1315 
Method is not applied. 1316 

Step 9 – For the selected site, determine and apply the appropriate Safety 1317 
Performance Function (SPF) for the site’s facility type and traffic control 1318 
features.  1319 

The SPF for a divided roadway segment is calculated from Equation 11-9 and 1320 
Exhibit 11-8 as follows: 1321 
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                                                    ))Lln()AADTln(ba(e +×+=rd spfN  1322 

                                                                ))5.1ln()000,10ln(049.1025.9(e +×+−=  1323 

                                                                2.835=  crashes/year 1324 

Step 10 – Multiply the result obtained in Step 9 by the appropriate AMFs to 1325 
adjust base conditions to site specific geometric conditions and traffic control 1326 
features. 1327 

Each AMF used in the calculation of the predicted average crash frequency of the 1328 
roadway segment is calculated below: 1329 

Lane Width (AMF1rd) 1330 

Since the roadway segment in Sample Problem 1 has 12-ft lanes, AMF1rd = 1.00 1331 
(i.e. the base condition for AMF1rd is 12-ft lane width). 1332 

Shoulder Width and Type (AMF2rd) 1333 

From Exhibit 11-27, for 6-ft paved shoulders, AMF2rd =1.04. 1334 

Median Width (AMF3rd) 1335 

From Exhibit 11-28, for a traversable median width of 20 ft, AMF3rd = 1.02. 1336 

Lighting (AMF4rd) 1337 

Since there is no lighting in Sample Problem 1, AMF4rd=1.00 (i.e. the base 1338 
condition for AMF4rd is absence of roadway lighting). 1339 

Automated Speed Enforcement (AMF5rd) 1340 

Since there is no automated speed enforcement in Sample Problem 1, 1341 
AMF5rd=1.00 (i.e. the base condition for AMF5rd is the absence of automated speed 1342 
enforcement). 1343 

The combined AMF value for Sample Problem 1 is calculated below. 1344 

                                          1.02  1.04   AMFCOMB ×=  1345 

                                                       1.06  =  1346 

Step 11 – Multiply the result obtained in Step 10 by the appropriate calibration 1347 
factor. 1348 

It is assumed in Sample Problem 1 that a calibration factor, Cr, of 1.10 has been 1349 
determined for local conditions. See Part C Appendix A.1 for further discussion on 1350 
calibration of the predictive models. 1351 

Calculation of Predicted Average Crash Frequency 1352 

The predicted average crash frequency is calculated using Equation 11-3 based 1353 
on the results obtained in Steps 9 through 11 as follows: 1354 

                                    )AMF AMF (AMF C N N 5rd2rd1rdrrd spf rs predicted ×…××××=  1355 

                                                    06)(11.102.835 .××=  1356 

                                                     3.306  = crashes/year 1357 
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Worksheets 1358 

The step-by-step instructions above are provided to illustrate the predictive 1359 
method for calculating the predicted average crash frequency for a roadway segment.  1360 
To apply the predictive method steps to multiple segments, a series of five 1361 
worksheets are provided for determining the predicted average crash frequency.  The 1362 
five worksheets include: 1363 

 Worksheet 1A – General Information and Input Data for Rural Multilane 1364 
Roadway Segments 1365 

 Worksheet 1B (a) – Accident Modification Factors for Rural Multilane 1366 
Divided Roadway Segments 1367 

 Worksheet 1C (a) – Roadway Segment Crashes for Rural Multilane Divided 1368 
Roadway Segments 1369 

 Worksheet 1D (a) – Crashes by Severity Level and Collision Type for Rural 1370 
Multilane Divided Roadway Segments 1371 

 Worksheet 1E – Summary Results for Rural Multilane Roadway Segments 1372 

Details of these worksheets are provided below. Blank versions of worksheets 1373 
used in the Sample Problems are provided in Chapter 11 Appendix A.  1374 
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Worksheet 1A – General Information and Input Data for Rural Multilane 1375 
Roadway Segments 1376 

Worksheet 1A is a summary of general information about the roadway segment, 1377 
analysis, input data (i.e., “The Facts”) and assumptions for Sample Problem 1. 1378 

Worksheet 1A – General Information and Input Data for Rural Multilane Roadway Segments 

General Information Location Information 

Analyst   Highway   

Agency or 
Company 

  Roadway Section   

Date Performed   Jurisdiction   

    Analysis Year   

Input Data Base 
Conditions Site Conditions 

Roadway type (divided/undivided) - divided 

Length of segment, L (mi) - 1.5 

AADT (veh/day) - 10,000 

Lane width (ft) 12 12 

Shoulder width (ft) - right shoulder width 
for divided 

8 6 

Shoulder type - right shoulder type for 
divided 

paved paved 

Median width (ft) - for divided only 30 20 

Side Slopes - for undivided only 1:7 or flatter N/A 

Lighting (present/not present) not present not present 

Auto speed enforcement (present/not 
present) 

not present not present 

Calibration Factor, Cr 1.0 1.1 

 1379 
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Worksheet 1B (a) – Accident Modification Factors for Rural Multilane Divided Roadway Segments 1380 

In Step 10 of the predictive method, Accident Modification Factors are applied to account for the effects of site specific 1381 
geometric design and traffic control devices. Section 11.7 presents the tables and equations necessary for determining the AMF 1382 
values.  Once the value for each AMF has been determined, all of the AMFs multiplied together in Column 6 of Worksheet 1B 1383 
(a) which indicates the combined AMF value. 1384 

Worksheet 1B (a) – Accident Modification Factors for Rural Multilane Divided Roadway Segments 

(1) (2) (3) (4) (5) (6) 

AMF for Lane Width AMF for Right Shoulder 
Width 

AMF for Median Width AMF for Lighting AMF for Auto Speed 
Enforcement 

Combined AMF 

AMF1rd AMF2rd AMF3rd AMF4rd AMF5rd AMFCOMB 

from Equation 11-16 from Exhibit 11-27 from Exhibit 11-28 from Equation 11-17 from Section 11.7.2  (1)*(2)*(3)*(4)*(5) 

1.00 1.04 1.02 1.00 1.00 1.06 

Worksheet 1C (a) – Roadway Segment Crashes for Rural Multilane Divided Roadway Segments 1385 

The SPF for the roadway segment in Sample Problem 1 is calculated using the coefficients found in Exhibit 11-8 (Column 2), 1386 
which are entered into Equation 11-9 (Column 3).  The overdispersion parameter associated with the SPF can be calculated 1387 
using Equation 11-10 and entered into Column 4; however, the overdispersion parameter is not needed for Sample Problem 1 1388 
(as the EB Method is not utilized).  Column 5 represents the combined AMF (from Column 6 in Worksheet 1B (a)), and Column 1389 
6 represents the calibration factor.  Column 7 calculates predicted average crash frequency using the values in Column 4, the 1390 
combined AMF in Column 5, and the calibration factor in Column 6. 1391 
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Worksheet 1C (a) – Roadway Segment Crashes for Rural Multilane Divided Roadway Segments 

(1) (2) (3) (4) (5) (6) (7) 

Crash Severity Level SPF Coefficients  Nspf rd Overdispersion 
Parameter, k 

Combined AMFs Predicted average 
crash frequency, 

Npredicted rs 

from Exhibit 11-8   

a b c 
from Equation 11-9 from Equation 11-10  (6) from 

Worksheet 1B (a) 

Calibration 
Factor, Cr 

(3)*(5)*(6) 

Total -9.025 1.049 1.549 2.835 0.142 1.06 1.10 3.306 

Fatal and Injury (FI)  -8.837 0.958 1.687 1.480 0.123 1.06 1.10 1.726 

Fatal and Injurya (FIa) -8.505 0.874 1.740 0.952 0.117 1.06 1.10 1.110 

(7)TOTAL - (7)FI Property damage only (PDO)  
       

1.580 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1392 

Worksheet 1D (a) – Crashes by Severity Level and Collision Type for Rural Multilane Divided Roadway Segments 1393 

Worksheet 1D (a) presents the default proportions for collision type (from Exhibit 11-10) by crash severity level as follows: 1394 

 Total crashes (Column 2) 1395 

 Fatal and injury crashes (Column 4) 1396 

 Fatal and injury crashes, not including “possible injury” crashes (i.e., on a KABCO injury scale, only KAB crashes) 1397 
(Column 6) 1398 

 Property damage only crashes (Column 8) 1399 

Using the default proportions, the predicted average crash frequency by collision type is presented in Columns 3 (Total), 5 (Fatal 1400 
and Injury, FI), 7 (Fatal and Injury, not including “possible injury”), and 9 (Property Damage Only, PDO). 1401 

These proportions may be used to separate the predicted average crash frequency (from Column 7, Worksheet 1C (a)) by 1402 
crash severity and collision type.  1403 



Highway Safety Manual – 1st Edition Current as of March 27, 2009 

Part C / Predictive Method Page 11-49 
Chapter 11—Rural Multilane Highways 

Worksheet 1D (a) – Crashes by Severity Level and Collision Type for Rural Multilane Divided Roadway Segments 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Proportion of 
Collision Type 

(TOTAL) 

Npredicted rs (TOTAL) 

(crashes/year) 
Proportion of 
Collision Type 

(FI) 

Npredicted rs (FI) 

(crashes/year) 
Proportion of 
Collision Type 

(FI
a

) 

Npredicted rs (FI
a

) 

(crashes/year) 
Proportion of 
Collision Type 

(PDO) 

Npredicted rs (PDO) Collision Type 

from Exhibit 
11-10 

(7)TOTAL from 
Worksheet 1C (a) 

from Exhibit 
11-10 

(7)FI from 
Worksheet 1C (a) 

from Exhibit 
11-10 

(7)FI
a from 

Worksheet 1C (a) 
from Exhibit 

11-10 
(7)PDO from 

Worksheet 1C (a) 

Total  1.000 3.306 1.000 1.726 1.000 1.110 1.000 1.580 

   (2)*(3)TOTAL  (4)*(5)FI  (6)*(7) FI
a  (8)*(9)PDO 

Head-on collision 0.006 0.020 0.013 0.022 0.018 0.020 0.002 0.003 

Sideswipe collision 0.043 0.142 0.027 0.047 0.022 0.024 0.053 0.084 

Rear-end collision 0.116 0.383 0.163 0.281 0.114 0.127 0.088 0.139 

Angle collision 0.043 0.142 0.048 0.083 0.045 0.050 0.041 0.065 

Single-vehicle collision 0.768 2.539 0.727 1.255 0.778 0.864 0.792 1.251 

Other collision 0.024 0.079 0.022 0.038 0.023 0.026 0.024 0.038 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1404 

Worksheet 1E – Summary Results for Rural Multilane Roadway Segments 1405 

Worksheet 1E presents a summary of the results.  Using the roadway segment length, the worksheet presents the crash rate 1406 
in miles per year (Column 4).  1407 

Worksheet 1E – Summary Results for Rural Multilane Roadway Segments 

(1) (2) (3) (4) 

Predicted average crash frequency 
(crashes/year) 

Crash rate  
(crashes/mi/year) 

Crash severity level 

(7) from Worksheet 1C (a) 

Roadway segment 
length (mi) 

(2)/(3) 

Total 3.306 1.5 2.2 

Fatal and injury (FI) 1.726 1.5 1.2 

Fatal and Injurya (FIa) 1.110 1.5 0.7 

Property damage only (PDO) 1.580 1.5 1.1 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1408 

 1409 
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11.12.2. Sample Problem 2  1410 

The Site/Facility 1411 

A rural four-lane undivided highway segment. 1412 

The Question 1413 

What is the predicted average crash frequency of the roadway segment for a 1414 
particular year? 1415 

The Facts 1416 

 0.1-mi length 

 8,000 veh/day 

 11-ft lane width 

 2-ft gravel shoulder  

 Side slope of 1:6 

 Roadside lighting present 

 Automated enforcement 
present 

 

Assumptions 1417 

 Collision type distributions have been adapted to local experience. The 1418 
percentage of total crashes representing single-vehicle run-off-the-road and 1419 
multiple-vehicle head-on, opposite-direction sideswipe, and same-direction 1420 
sideswipe accidents is 33%. 1421 

 The proportion of crashes that occur at night are not known, so the default 1422 
proportions for nighttime crashes will be used. 1423 

 The calibration factor is assumed to be 1.10. 1424 

Results  1425 

Using the predictive method steps as outlined below, the predicted average crash 1426 
frequency for the roadway segment in Sample Problem 2 is determined to be 0.3 1427 
crashes per year (rounded to one decimal place). 1428 

Steps  1429 

Step 1 through 8 1430 

To determine the predicted average crash frequency of the roadway segment in 1431 
Sample Problem 2, only Steps 9 through 11 are conducted.  No other steps are 1432 
necessary because only one roadway segment is analyzed for one year, and the EB 1433 
Method is not applied.  1434 

Step 9 – For the selected site, determine and apply the appropriate Safety 1435 
Performance Function (SPF) for the site’s facility type and traffic control 1436 
features. 1437 

The SPF for an undivided roadway segment is calculated from Equation 11-7 and 1438 
Exhibit 11-5 as follows: 1439 
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                                    ))ln()ln(( LAADTbae +×+=ru spfN  1440 

                                                 ))1.0ln()000,8ln(176.1653.9(e +×+−=  1441 

                                                 0.250 = crashes/year 1442 

Step 10 – Multiply the result obtained in Step 9 by the appropriate AMFs to 1443 
adjust base conditions to site specific geometric conditions and traffic control 1444 
features. 1445 

Each AMF used in the calculation of the predicted average crash frequency of the 1446 
roadway segment is calculated below: 1447 

Lane Width (AMF1ru) 1448 

AMF1ru can be calculated from Equation 11-13 as follows: 1449 

                                       1.0p1.0)- (AMF AMF RARA 1ru +×=  1450 

For 11-ft lane width and AADT of 8,000, AMFRA= 1.04 (see Exhibit 11-18). 1451 

The proportion of related accidents, pRA, is 0.33 (from local experience, see 1452 
assumptions). 1453 

                                                 1.00.331.0)- (1.04 AMF  1ru +×=  1454 

                                                             1.01 =  1455 

Shoulder Width and Type (AMF2ru) 1456 

AMF2ru can be calculated from Equation 11-14  as follows: 1457 

                                              1.0p1.0)- AMD (AMF AMF RATRAWRA 2ru +××=  1458 

For 2-ft shoulders and AADT of 8,000, AMFWRA = 1.30 (see Exhibit 11-20). 1459 

For 2-ft gravel shoulders, AMFTRA = 1.01 (see Exhibit 11-22). 1460 

The proportion of related accidents, pRA, is 0.33 (from local experience, see 1461 
assumptions). 1462 

                                              1.00.331.0)-1.01  (1.30 AMF   2ru +××=  1463 

                                                           1.10  =  1464 

Side Slopes (AMF3ru) 1465 

From Exhibit 11-23, for a side slope of 1:6, AMF3ru = 1.05. 1466 

Lighting (AMF4ru) 1467 

AMF4ru can be calculated from Equation 11-15 as follows: 1468 

                                               ]p)p0.83-p0.72-[(1-1 AMF nrpnrinr 4ru ×××=  1469 

Local values for nighttime crashes proportions are not known. The default 1470 
nighttime crash proportions used are pinr= 0.361, ppnr= 0.639 and pnr= 0.255 (see 1471 
Exhibit 11-24).  1472 

                                              0.255]0.639)0.83-0.3610.72-[(1-1 AMF  4ru ×××=  1473 

                                                          0.95  =  1474 
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Automated Speed Enforcement (AMF5ru) 1475 

For an undivided roadway segment with automated speed enforcement, 1476 
AMF5ru=0.95 (see Section 11.7.1). 1477 

The combined AMF value for Sample Problem 2 is calculated below. 1478 

                                         0.950.951.051.10  1.01   AMFCOMB ××××=  1479 

                                                       1.05  =  1480 

Step 11 – Multiply the result obtained in Step 10 by the appropriate calibration 1481 
factor. 1482 

It is assumed in Sample Problem 2 that a calibration factor, Cr, of 1.10 has been 1483 
determined for local conditions. See Part C Appendix A.1 for further discussion on 1484 
calibration of the predictive models. 1485 

Calculation of Predicted Average Crash Frequency 1486 

The predicted average crash frequency is calculated using Equation 11-2 based 1487 
on the results obtained in Steps 9 through 11 as follows: 1488 

                                      )AMF AMF (AMF C N N 5ru2ru1rurru spf rs predicted ×…××××=  1489 

                                                      (1.05)1.100.250 ××=  1490 

                                                       0.289 = crashes/year 1491 

Worksheets 1492 

The step-by-step instructions above are provided to illustrate the predictive 1493 
method for calculating the predicted average crash frequency for a roadway segment.  1494 
To apply the predictive method steps to multiple segments, a series of five 1495 
worksheets are provided for determining the predicted average crash frequency.  The 1496 
five worksheets include: 1497 

 Worksheet 1A – General Information and Input Data for Rural Multilane 1498 
Roadway Segments 1499 

 Worksheet 1B (b) – Accident Modification Factors for Rural Multilane 1500 
Undivided Roadway Segments 1501 

 Worksheet 1C (b) – Roadway Segment Crashes for Rural Multilane 1502 
Undivided Roadway Segments 1503 

 Worksheet 1D (b) – Crashes by Severity Level and Collision Type for Rural 1504 
Multilane Undivided Roadway Segments 1505 

 Worksheet 1E – Summary Results for Rural Multilane Roadway Segments 1506 

Details of these worksheets are provided below. Blank versions of worksheets 1507 
used in the Sample Problems are provided in Chapter 11 Appendix A.  1508 
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Worksheet 1A – General Information and Input Data for Rural Multilane 1509 
Roadway Segments 1510 

Worksheet 1A is a summary of general information about the roadway segment, 1511 
analysis, input data (i.e., “The Facts”) and assumptions for Sample Problem 2. 1512 

 1513 

Worksheet 1A – General Information and Input Data for Rural Multilane Roadway Segments 

General Information Location Information 

Analyst   Highway   

Agency or Company   Roadway Section   

Date Performed   Jurisdiction   

    Analysis Year   

Input Data Base 
Conditions Site Conditions 

Roadway type (divided/undivided) - undivided 

Length of segment, L (mi)  - 0.1 

AADT (veh/day) - 8,000 

Lane width (ft) 12 11 

Shoulder width (ft) - right shoulder 
width for divided 6 2 

Shoulder type - right shoulder type for 
divided paved gravel 

Median width (ft) - for divided only 30 N/A 

Side Slopes - for undivided only 1:7 or flatter 1:6 

Lighting (present/not present) not present present 

Auto speed enforcement (present/not 
present) not present present 

Calibration Factor, Cr 1.0 1.1 
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Worksheet 1B (b) – Accident Modification Factors for Rural Multilane Undivided Roadway Segments 1514 

In Step 10 of the predictive method, Accident Modification Factors are applied to account for the effects of site specific 1515 
geometric design and traffic control devices. Section 11.7 presents the tables and equations necessary for determining the AMF 1516 
values.  Once the value for each AMF has been determined, all of the AMFs multiplied together in Column 6 of Worksheet 1B 1517 
(b) which indicates the combined AMF value. 1518 

Worksheet 1C (b) – Roadway Segment Crashes for Rural Multilane Undivided Roadway Segments 1519 

The SPF for the roadway segment in Sample Problem 2 is calculated using the coefficients found in Exhibit 11-5 (Column 2), 1520 
which are entered into Equation 11-7 (Column 3).  The overdispersion parameter associated with the SPF can be calculated 1521 
using Equation 11-8 and entered into Column 4; however, the overdispersion parameter is not needed for Sample Problem 2 (as 1522 
the EB Method is not utilized).  Column 5 represents the combined AMF (from Column 6 in Worksheet 1B (b)), and Column 6 1523 
represents the calibration factor.  Column 7 calculates the predicted average crash frequency using the values in Column 4, the 1524 
combined AMF in Column 5, and the calibration factor in Column 6. 1525 

Worksheet 1B (b) – Accident Modification Factors for Rural Multilane Undivided Roadway Segments 

(1) (2) (3) (4) (5) (6) 

AMF for Lane Width AMF for Shoulder Width AMF for Side Slopes AMF for Lighting AMF for Automated Speed 
Enforcement 

Combined AMF 

AMF1ru AMF2ru AMF3ru AMF4ru AMF5ru AMFCOMB 

from Equation 11-13 from Equation 11-14 from Exhibit 11-23 from Equation 11-15 from Section 11.7.1 (1)*(2)*(3)*(4)*(5) 

1.01 1.10 1.05 0.95 0.95 1.05 
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Worksheet 1C (b) – Roadway Segment Accidents for Rural Multilane Undivided Roadway Segments 

(1) (2) (3) (4) (5) (6) (7) 

Crash Severity Level SPF Coefficients  Nspf ru Overdispersion 
Parameter, k 

Combined AMFs Predicted average 
crash frequency, 

Npredicted rs 

from Exhibit 11-5   

a b c 
from Equation 11-7 from Equation 11-8 (6) from 

Worksheet 1B (b) 

Calibration 
Factor, Cr 

(3)*(5)*(6) 

Total -9.653 1.176 1.675 0.250 1.873 1.05 1.10 0.289 

Fatal and Injury (FI)  -9.410 1.094 1.796 0.153 1.660 1.05 1.10 0.177 

Fatal and Injurya (FIa) -8.577 0.938 2.003 0.086 1.349 1.05 1.10 0.099 

(7)TOTAL - (7)FI Property damage only (PDO)  
- - - - - - - 

0.112 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1526 

Worksheet 1D (b) – Crashes by Severity Level and Collision Type for Rural Multilane Undivided Roadway Segments 1527 

Worksheet 1D (b) presents the default proportions for collision type (from Exhibit 11-7) by crash severity level as follows: 1528 

 Total crashes (Column 2) 1529 

 Fatal and injury crashes (Column 4) 1530 

 Fatal and injury crashes, not including “possible injury” crashes (i.e., on a KABCO injury scale, only KAB crashes) 1531 
(Column 6) 1532 

 Property damage only crashes (Column 8) 1533 

Using the default proportions, the predicted average crash frequency by collision type is presented in Columns 3 (Total), 5 1534 
(Fatal and Injury, FI), 7 (Fatal and Injury, not including “possible injury”), and 9 (Property Damage Only, PDO). 1535 

These proportions may be used to separate the predicted average crash frequency (from Column 7, Worksheet 1C (b)) by 1536 
crash severity and collision type.  1537 
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Worksheet 1D (b) – Accidents by Severity Level and Collision Type for Rural Multilane Undivided Roadway Segments 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Proportion of 
Collision Type 

(TOTAL) 

Npredicted rs (TOTAL) 

(crashes/year) 
Proportion of 
Collision Type 

(FI) 

Npredicted rs (FI) 

(crashes/year) 
Proportion of 
Collision Type 

(FI
a

) 

Npredicted rs (FI
a

) 

(crashes/year) 
Proportion of 
Collision Type 

(PDO) 

Npredicted rs (PDO) 

(crashes/year) 
Collision Type 

from Exhibit 
11-7 

(7)TOTAL from 
Worksheet 1C (b) 

from Exhibit 
11-7 

(7)FI from 
Worksheet 1C (b) 

from Exhibit 
11-7 

(7)FI
a from 

Worksheet 1C (b) 
from Exhibit 

11-7 
(7)PDO from 

Worksheet 1C (b) 

Total  1.000 0.289 1.000 0.177 1.000 0.099 1.000 0.112 

   (2)*(3)TOTAL  (4)*(5)FI  (6)*(7)FI
a
  (8)*(9)PDO 

Head-on collision 0.009 0.003 0.029 0.005 0.043 0.004 0.001 0.000 

Sideswipe collision 0.098 0.028 0.048 0.008 0.044 0.004 0.120 0.013 

Rear-end collision 0.246 0.071 0.305 0.054 0.217 0.021 0.220 0.025 

Angle collision 0.356 0.103 0.352 0.062 0.348 0.034 0.358 0.040 

Single-vehicle collision 0.238 0.069 0.238 0.042 0.304 0.030 0.237 0.027 

Other collision 0.053 0.015 0.028 0.005 0.044 0.004 0.064 0.007 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1538 

Worksheet 1E – Summary Results for Rural Multilane Roadway Segments 1539 

Worksheet 1E presents a summary of the results.  Using the roadway segment length, the worksheet presents the crash rate 1540 
in miles per year (Column 4). 1541 

Worksheet 1E – Summary Results for Rural Multilane Roadway Segments 

(1) (2) (3) (4) 

Predicted average crash frequency 
(crashes/year) 

Crash rate 
(crashes/mi/year) 

Crash severity level 

(7) from Worksheet 1C (b) 

Roadway segment 
length (mi) 

(2)/(3) 

Total 0.289 0.1 2.9 

Fatal and injury (FI) 0.177 0.1 1.8 

Fatal and Injurya (FIa) 0.099 0.1 1.0 

Property damage only (PDO) 0.112 0.1 1.1 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1542 
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11.12.3. Sample Problem 3  1543 

The Site/Facility  1544 

A three-leg stop-controlled intersection located on a rural four-lane highway. 1545 

 1546 

The Question  1547 

What is the predicted average crash frequency of the stop-controlled intersection 1548 
for a particular year? 1549 

The Facts 1550 

 3 legs 

 Minor-road stop control 

 0 right-turn lanes on major road 

 1 left-turn lane on major road 

 30-degree skew angle 

 

 AADT of major road = 8,000 
veh/day 

 AADT of minor road = 1,000 
veh/day 

 Calibration factor = 1.50 

 Intersection lighting is present 

 

Assumptions  1551 

 Collision type distributions are the default values from Exhibit 11-16. 1552 

 The calibration factor is assumed to be 1.50. 1553 

Results 1554 

Using the predictive method steps as outlined below, the predicted average crash 1555 
frequency for the intersection in Sample Problem 3 is determined to be 0.8 crashes per 1556 
year (rounded to one decimal place). 1557 

Steps 1558 

Step 1 through 8 1559 

To determine the predicted average crash frequency of the intersection in Sample 1560 
Problem 3, only Steps 9 through 11 are conducted.  No other steps are necessary 1561 
because only one intersection is analyzed for one year, and the EB Method is not 1562 
applied. 1563 

 Step 9 – For the selected site, determine and apply the appropriate Safety 1564 
Performance Function (SPF) for the site’s facility type and traffic control 1565 
features.  1566 

The SPF for a three-leg intersection with minor-road stop-control is calculated 1567 
from Equation 11-11 and Exhibit 11-11 as follows: 1568 
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                                        )]ln(AADTc)ln(AADTbexp[aN minmajspfint ×+×+=  1569 
                                                 ln(1,000)]0.236ln(8,000)1.2046exp[-12.52 ×+×+=  1570 

                                                 0.928=  crashes/year 1571 

Step 10 – Multiply the result obtained in Step 9 by the appropriate AMFs to 1572 
adjust base conditions to site specific geometric conditions and traffic control 1573 
features 1574 

Each AMF used in the calculation of the predicted average crash frequency of the 1575 
intersection is calculated below: 1576 

Intersection Skew Angle (AMF1i) 1577 

AMF1i can be calculated from Equation 11-18 as follows:  1578 

                                             1.0
SKEW)0.16(0.98

SKEW0.016AMF1i +
×+

×
=  1579 

The intersection skew angle for Sample Problem 3 is 30 degrees.  1580 

                                             1.0
30)0.16(0.98

300.016AMF1i +
×+

×
=  1581 

                                                        1.08=  1582 

Intersection Left-Turn Lanes (AMF2i) 1583 

From Exhibit 11-32, for a left-turn lane on one non-stop-controlled approach at a 1584 
three-leg STOP-controlled intersection, AMF2i = 0.56. 1585 

Intersection Right-Turn Lanes (AMF3i) 1586 

Since no right-turn lanes are present, AMF3i = 1.00 (i.e. the base condition for 1587 
AMF3i is the absence of right-turn lanes on the intersection approaches).  1588 

Lighting (AMF4i) 1589 

AMF4i can be calculated from Equation 11-22 as follows: 1590 

                                             
ni4i p0.38 -1.0AMF ×=  1591 

From Exhibit 11-34, for intersection lighting at a three-leg stop-controlled 1592 
intersection, pni = 0.276. 1593 

                                             0.2760.38 -1.0AMF4i ×=  1594 

                                                       0.90=  1595 

The combined AMF value for Sample Problem 3 is calculated below. 1596 

                                         0.900.56  1.08   AMFCOMB ××=  1597 

                                                       0.54  =  1598 

Step 11 – Multiply the result obtained in Step 10 by the appropriate calibration 1599 
factor. 1600 

It is assumed that a calibration factor, Ci, of 1.50 has been determined for local 1601 
conditions. See Part C Appendix A.1 for futher discussion on calibration of the 1602 
predictive models. 1603 
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Calculation of Predicted Average Crash Frequency 1604 

The predicted average crash frequency is calculated using Equation 11-4 based 1605 
on the results obtained in Steps 9 through 11 as follows: 1606 

                                   )AMF AMF (AMF C N N 4i2i1iiint spfint predicted ×…××××=  1607 

                                                     54)(01.500.928 .××=  1608 

                                                     0.752 = crashes/year 1609 

Worksheets 1610 

The step-by-step instructions above are the predictive method for calculating the 1611 
predicted average crash frequency for an intersection.  To apply the predictive 1612 
method steps, a series of five worksheets are provided for determining the predicted 1613 
average crash frequency.  The five worksheets include: 1614 

 Worksheet 2A – General Information and Input Data for Rural Multilane 1615 
Highway Intersections 1616 

 Worksheet 2B – Accident Modification Factors for Rural Multilane Highway 1617 
Intersections 1618 

 Worksheet 2C – Intersection Crashes for Rural Multilane Highway 1619 
Intersections 1620 

 Worksheet 2D – Crashes by Severity Level and Collision Type for Rural 1621 
Multilane Highway Intersections 1622 

 Worksheet 2E – Summary Results for Rural Multilane Highway Intersections 1623 

Details of these worksheets are provided below. Blank versions of worksheets 1624 
used in the Sample Problems are provided in Chapter 11 Appendix A.  1625 
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Worksheet 2A – General Information and Input Data for Rural Multilane 1626 
Highway Intersections 1627 

Worksheet 2A is a summary of general information about the intersection, 1628 
analysis, input data (i.e., “The Facts”) and assumptions for Sample Problem 3. 1629 

Worksheet 2A – General Information and Input Data for Rural Multilane Highway Intersections 

General Information Location Information 

Analyst  Highway  

Agency or Company  Intersection  

Date Performed  Jurisdiction  

   Analysis Year  

Input Data Base 
Conditions 

Site Conditions  

Intersection type (3ST, 4ST, 4SG) - 3ST 

AADTmajor (veh/day) - 8,000 

AADTminor (veh/day) - 1,000 

Intersection skew angle (degrees) 0 30 

Number of signalized or uncontrolled 
approaches with a left turn lane (0,1,2,3,4) 0 1 

Number of signalized or uncontrolled 
approaches with a right turn lane (0,1,2,3,4) 0 0 

Intersection lighting (present/not present) not present present 

Calibration Factor, Ci 1.0 1.5 

 1630 
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Worksheet 2B – Accident Modification Factors for Rural Multilane Highway Intersections 1631 

In Step 10 of the predictive method, Accident Modification Factors are applied to account for the effects of site specific 1632 
geometric design and traffic control devices. Section 11.7 presents the tables and equations necessary for determining the AMF 1633 
values. Once the value for each AMF has been determined, all of the AMFs are multiplied together in Column 6 of Worksheet 2B 1634 
which indicates the combined AMF value. 1635 

Worksheet 2B – Accident Modification Factors for Rural Multilane Highway Intersections 

(1) (2) (3) (4) (5) (6) 

AMF for Intersection Skew 
Angle 

AMF for Left-Turn Lanes AMF for Right-Turn 
Lanes 

AMF for Lighting Combined AMF 

AMF1i AMF2i AMF3i AMF4i AMFCOMB 

Crash Severity Level 

from Equations 11-18 or 
11-20 and 11-19 or 11-21 

from Exhibit 11-32 from Exhibit 11-33 from Equation 11-22 (1)*(2)*(3)*(4) 

Total 1.08 0.56 1.00 0.90 0.54 

Fatal and Injury (FI) 1.09 0.45 1.00 0.90 0.44 

Worksheet 2C – Intersection Crashes for Rural Multilane Highway Intersections 1636 

The SPF for the intersection in Sample Problem 3 is calculated using the coefficients shown in Exhibit 11-11 (Column 2), 1637 
which are entered into Equation 11-11 (Column 3).  The overdispersion parameter associated with the SPF is also found in 1638 
Exhibit 11-11 and entered into Column 4; however, the overdispersion parameter is not needed for Sample Problem 3 (as the EB 1639 
Method is not utilized).  Column 5 represents the combined AMF (from Column 6 in Worksheet 2B), and Column 6 represents 1640 
the calibration factor.  Column 7 calculates the predicted average crash frequency using the values in Column 3, the combined 1641 
AMF in Column 5, and the calibration factor in Column 6. 1642 
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Worksheet 2C – Intersection Crashes for Rural Multilane Highway Intersections 

(1) (2) (3) (4) (5) (6) (7) 

Crash Severity Level SPF Coefficients  Nspf int Overdispersion 
Parameter, k 

Combined AMFs Predicted average crash 
frequency, Npredicted int 

form Exhibit 11-11 or 11-12   

a b c 

from Equation 
11-11 or 11-12 

from Exhibit 11-11 
or 11-12 

from (6) of 
Worksheet 2B 

Calibration 
Factor, Ci 

(3)*(5)*(6) 

Total -12.526 1.204 0.236 0.928 0.460 0.54 1.50 0.752 

Fatal and Injury (FI) -12.664 1.107 0.272 0.433 0.569 0.44 1.50 0.286 

Fatal and Injurya (FIa) -11.989 1.013 0.228 0.270 0.566 0.44 1.50 0.178 

(7)TOTAL - (7)FI Property Damage Only (PDO) 
- - - - - - - 

0.466 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1643 

Worksheet 2D – Crashes by Severity Level and Collision Type for Rural Multilane Highway Intersections 1644 

Worksheet 2D presents the default proportions for collision type (from Exhibit 11-16) by crash severity level as follows: 1645 

 Total crashes (Column 2) 1646 

 Fatal and injury crashes (Column 4) 1647 

 Fatal and injury crashes, not including “possible injury” crashes (i.e., on a KABCO injury scale, only KAB crashes) 1648 
(Column 6) 1649 

 Property damage only crashes (Column 8) 1650 

Using the default proportions, the predicted average crash frequency by collision type in Columns 3 (Total), 5 (Fatal and 1651 
Injury, FI), 7 (Fatal and Injury, not including “possible injury”), and 9(Property Damage Only, PDO). 1652 

These proportions may be used to separate the predicted average crash frequency (from Column 7, Worksheet 2C) by crash 1653 
severity and collision type. 1654 
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Worksheet 2D – Accidents by Severity Level and Collision Type for Rural Multilane Highway Intersections 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Proportion of 
Collision Type 

(TOTAL) 

Npredicted int (TOTAL) 

(crashes/year) 
Proportion of 
Collision Type 

(FI) 

Npredicted int (FI) 

(crashes/year) 
Proportion of 
Collision Type 

(FI
a

) 

Npredicted int (FI
a

) 

(crashes/year) 
Proportion of 
Collision Type 

(PDO) 

Npredicted int (PDO) 

(crashes/year) 
Collision Type 

from Exhibit 
11-16 

(7)TOTAL from 
Worksheet 2C 

from Exhibit 
11-16 

(7)FI from 
Worksheet 2C 

from Exhibit 
11-16 

(7)FI
a from 

Worksheet 2C 
from Exhibit 

11-16 
(7)PDO from 

Worksheet 2C 

Total  1.000 0.752 1.000 0.286 1.000 0.178 1.000 0.466 

   (2)*(3)TOTAL  (4)*(5)FI  (6)*(7) FI
a  (8)*(9) PDO 

Head-on collision 0.029 0.022 0.043 0.012 0.052 0.009 0.020 0.009 

Sideswipe collision 0.133 0.100 0.058 0.017 0.057 0.010 0.179 0.083 

Rear-end collision 0.289 0.217 0.247 0.071 0.142 0.025 0.315 0.147 

Angle collision 0.263 0.198 0.369 0.106 0.381 0.068 0.198 0.092 

Single-vehicle collision 0.234 0.176 0.219 0.063 0.284 0.051 0.244 0.114 

Other collision 0.052 0.039 0.064 0.018 0.084 0.015 0.044 0.021 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1655 

Worksheet 2E – Summary Results for Rural Multilane Highway Intersections 1656 

Worksheet 2E presents a summary of the results.   1657 

Worksheet 2E – Summary Results for Rural Multilane Highway Intersections 

(1) (2) 

Predicted average crash frequency (crashes/year) Crash severity level 

(7) from Worksheet 2C 

Total 0.752 

Fatal and Injury (FI) 0.286 

Fatal and Injurya (FIa) 0.178 

Property Damage Only (PDO) 0.466 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1658 
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11.12.4. Sample Problem 4  1659 

The Project 1660 

A project of interest consists of three sites: a rural four-lane divided highway 1661 
segment; a rural four-lane undivided highway segment; and a three-leg intersection 1662 
with minor-road stop control. (This project is a compilation of roadway segments and 1663 
intersections from Sample Problems 1, 2 and 3.) 1664 

The Question 1665 

What is the expected average crash frequency of the project for a particular year 1666 
incorporating both the predicted crash frequencies from Sample Problems 1, 2 and 3 1667 
and the observed crash frequencies using the site-specific EB Method? 1668 

The Facts 1669 

 2 roadway segments (4D segment, 4U segment) 

 1 intersection (3ST intersection) 

 9 observed crashes (4D segment: 4 crashes; 4U segment: 2 crashes; 3ST 
intersection: 3 crashes) 

Outline of Solution  1670 

To calculate the expected average crash frequency, site-specific observed crash 1671 
frequencies are combined with predicted average crash frequencies for the project 1672 
using the site-specific EB Method (i.e. observed crashes are assigned to specific 1673 
intersections or roadway segments) presented in Section A.2.4 of Part C Appendix.  1674 

Results 1675 

The expected average crash frequency for the project is 5.7 crashes per year 1676 
(rounded to one decimal place).  1677 

Worksheets 1678 

To apply the site-specific EB Method to multiple roadways segments and 1679 
intersections on a rural multilane highway combined, two worksheets are provided 1680 
for determining the expected average crash frequency. The two worksheets include: 1681 

 Worksheet 3A – Predicted and Observed Crashes by Severity and Site Type 1682 
Using the Site-Specific EB Method for Rural Two-Lane Two-Way Roads and 1683 
Multilane Highways 1684 

 Worksheet 3B – Site-Specific EB Method Summary Results for Rural Two-1685 
Lane Two-Way Roads and Multilane Highways 1686 

Details of these worksheets are provided below. Blank versions of worksheets 1687 
used in the Sample Problems are provided in Chapter 11 Appendix A.  1688 
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Worksheets 3A – Predicted and Observed Crashes by Severity and Site Type Using the Site-Specific EB Method for 1689 
Rural Two-Lane Two-Way Roads and Multilane Highways 1690 

 The predicted average crash frequencies by severity type determined in Sample Problems 1 through 3 are entered into 1691 
Columns 2 through 4 of Worksheet 3A. Column 5 presents the observed crash frequencies by site type, and Column 6 the 1692 
overdispersion parameter. The expected average crash frequency is calculated by applying the site-specific EB Method which 1693 
considers both the predicted model estimate and observed crash frequencies for each roadway segment and intersection.  1694 
Equation A-5 from Part C Appendix is used to calculate the weighted adjustment and entered into Column 7. The expected 1695 
average crash frequency is calculated using Equation A-4 and entered into Column 8.   1696 

Worksheet 3A – Predicted and Observed Crashes by Severity and Site Type Using the Site-Specific EB Method for Rural Two-Lane Two-Way Roads and Multilane Highways 

(1) (2) (3) (4) (5) (6) (7) (8) 

Predicted average crash frequency 
(crashes/year) 

Weighted adjustment, w Expected average crash 
frequency, Nexpected 

Site type 

Npredicted (TOTAL) Npredicted (FI) Npredicted (PDO) 

Observed 
crashes,  Nobserved 

(crashes/year) 

Overdispersion 
parameter, k 

 Equation A-5 from Part 
C Appendix 

Equation A-4 from Part 
C Appendix 

ROADWAY SEGMENTS 

Segment 1 3.306 1.726 1.580 4 0.142 0.681 3.527 

Segment 2 0.289 0.177 0.112 2 1.873 0.649 0.890 

INTERSECTIONS 

Intersection 1 0.752 0.286 0.466 3 0.460 0.743 1.330 

COMBINED (sum of column) 4.347 2.189 2.158 9 - - 5.747 
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Column 7 - Weighted Adjustment 1697 

The weighted adjustment, w, to be placed on the predictive model estimate is 1698 
calculated using Equation A-5 from Part C Appendix as follows: 1699 

                                          
∑×+

=

years
studyall

predictedN(k1
1w

)
 1700 

 Segment 1                              
(3.306)  0.142  1

1w
×+

=  1701 

                                                      0.681=  1702 

 Segment 2                              
(0.289)  1.873  1

1w
×+

=  1703 

                                                      0.649=  1704 

Intersection 1                         
(0.752)  0.460  1

1w
×+

=  1705 

                                              0.743=  1706 

 Column 8 - Expected Average Crash Frequency 1707 

The estimate of expected average crash frequency, Nexpected, is calculated using 1708 
Equation A-4 from Part C Appendix as follows: 1709 

                                  observedpredictedexpected N x w) - (1  N x wN +=  1710 

Segment 1                       ( ) 40.681-13.3060.681Nexpected ×+×=  1711 

                                                      3.527=  1712 

Segment 2                       ( ) 20.649-10.2890.649Nexpected ×+×=  1713 

                                                     0.890=  1714 

Intersection 1                 ( ) 30.743-10.7520.743Nexpected ×+×=  1715 

                                                     1.330=  1716 
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Worksheet 3B – Site-Specific EB Method Summary Results for Rural Two-Lane 1717 
Two-Way Roads and Multilane Highwways 1718 

Worksheet 3B presents a summary of the results. The expected average crash 1719 
frequency by severity level is calculated by applying the proportion of predicted 1720 
average crash frequency by severity level to the total expected average crash 1721 
frequency (Column 3).  1722 

Worksheet 3B – Site-Specific EB Method Summary Results for Rural Two-Lane Two-Way Roads and 
Multilane Highways 

(1) (2) (3) 

Crash severity level Npredicted Nexpected 

(2)COMB from Worksheet 3A (8)COMB from Worksheet 3A Total 

4.347 5.7 

(3)COMB from Worksheet 3A (3)TOTAL*(2)FI/(2)TOTAL Fatal and injury (FI) 

2.189 2.9 

(4)COMB from Worksheet 3A (3)TOTAL*(2)PDO/(2)TOTAL Property damage only (PDO) 

2.158 2.8 

 1723 
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11.12.5. Sample Problem 5  1724 

The Project  1725 

A project of interest consists of three sites: a rural four-lane divided highway 1726 
segment; a rural four-lane undivided highway segment; and a three-leg intersection 1727 
with minor-road stop control. (This project is a compilation of roadway segments and 1728 
intersections from Sample Problems 1, 2 and 3.) 1729 

The Question 1730 

What is the expected average crash frequency of the project for a particular year 1731 
incorporating both the predicted crash frequencies from Sample Problems 1, 2 and 3 1732 
and the observed crash frequencies using the project-level EB Method? 1733 

The Facts 1734 

 2 roadway segments (4D segment, 4U segment) 

 1 intersection (3ST intersection) 

 9 observed crashes (but no information is available to attribute specific 
crashes to specific sites within the project) 

Outline of Solution 1735 

Observed crash frequencies for the project as a whole are combined with 1736 
predicted average crash frequencies for the project as a whole using the project-level 1737 
EB Method (i.e. observed crash data for individual roadway segments and 1738 
intersections are not available, but observed crashes are assigned to a facility as a 1739 
whole) presented in Section A.2.5 of Part C Appendix.  1740 

Results 1741 

The expected average crash frequency for the project is 5.8 crashes per year 1742 
(rounded to one decimal place). 1743 

Worksheets 1744 

To apply the project-level EB Method to multiple roadway segments and 1745 
intersections on a rural multilane highway combined, two worksheets are provided 1746 
for determining the expected average crash frequency. The two worksheets include: 1747 

 Worksheet 4A – Predicted and Observed Crashes by Severity and Site Type 1748 
Using the Project-Level EB Method for Rural Two-Lane Two-Way Roads and 1749 
Multilane Highways 1750 

 Worksheet 4B – Project-Level Summary Results for Rural Two-Lane Two-1751 
Way Roads and Multilane Highways 1752 

Details of these worksheets are provided below. Blank versions of worksheets 1753 
used in the Sample Problems are provided in Chapter 11 Appendix A.  1754 
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Worksheets 4A – Predicted and Observed Crashes by Severity and Site Type Using the Project-Level EB Method for 1755 
Rural Two-Lane Two-Way Roads and Multilane Highways 1756 

The predicted average crash frequencies by severity type determined in Sample Problems 1 through 3 are entered in 1757 
Columns 2 through 4 of Worksheet 4A. Column 5 presents the observed crash frequencies by site type, and Column 6 the 1758 
overdispersion parameter. The expected average crash frequency is calculated by applying the project-level EB Method which 1759 
considers both the predicted model estimate for each roadway segment and intersection and the project observed crashes. 1760 
Column 7 calculates Nw0 and Column 8 Nw1. Equations A-10 through A-14 from Part C Appendix are used to calculate the 1761 
expected average crash frequency of combined sites. The results obtained from each equation are presented in Columns 9 1762 

through 14. Section A.2.5 in Part C Appendix defines all the variables used in this worksheet.  1763 

NOTE: Npredicted w0 = Predicted number of total accidents assuming that accidents frequencies are statistically independent  1764 
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          Npredicted w1 = Predicted number of total accidents assuming that accidents frequencies are perfectly correlated 1766 
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Worksheet 4A – Predicted and Observed Crashes by Severity and Site Type Using the Project-Level EB Method  for Rural Two-Lane Two-Way Roads and Multilane Highways 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

Predicted average crash frequency 
(crashes/year) 

Nw0 
 

Nw1 
 

W0 
 

N0 
 

w1 
 

N1 
 

Np/comb 

 
Site type 

Npredicted 

(TOTAL) 
Npredicted 

(FI) 
Npredicted 

(PDO) 

Observed 
crashes,  
Nobserved 

(crashes
/year) 

Overdispersion  
Parameter, k 

Equation A-8 
(6)* (2)2 

Equation A-9 
sqrt((6)*(2)) 

 

Equation 
A-10 

Equation 
A-11 

Equation 
A-12 

Equation 
A-13 

Equation 
A-14 

ROADWAY SEGMENTS 

Segment 1 3.306 1.726 1.580 - 0.142 1.552 0.685 - - - - - 

Segment 2 0.289 0.177 0.112 - 1.873 0.156 0.736 - - - - - 

INTERSECTIONS 

Intersection 1 0.752 0.286 0.466 - 0.460 0.260 0.588 - - - - - 

COMBINED (sum 
of column) 4.347 2.189 2.158 9 - 1.968 2.009 0.688 5.799 0.684 5.817 5.808 
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Column 9 – w0  1768 

The weight placed on predicted crash frequency under the assumption that 1769 
accidents frequencies for different roadway elements are statistically independent, 1770 
w0, is calculated using Equation A-10 from Part C Appendix as follows: 1771 

                                             

(TOTAL) predicted

w0 predicted
0

N
N

1

1w
+

=  1772 

                                                   

4.347
1.9681

1

+
=  1773 

                                                      0.688=  1774 

Column 10 – N0  1775 

The expected crash frequency based on the assumption that different roadway 1776 
elements are statistically independent, N0, is calculated using Equation A-11 from 1777 
Part C Appendix as follows: 1778 

                              (TOTAL) observed0(TOTAL) predicted00 N)w(1NwN −+=  1779 

                                                    90.688)-(14.3470.688 ×+×=  1780 

                                                    5.799=  1781 

Column 11 – w1  1782 

The weight placed on predicted crash frequency under the assumption that 1783 
accidents frequencies for different roadway elements are perfectly correlated, w1, is 1784 
calculated using Equation A-12 from Part C Appendix as follows: 1785 

                                               

(TOTAL) predicted

w1 predicted
1

N
N

1

1w
+

=  1786 

                                                    

4.347
2.0091

1

+
=  1787 

                                                    0.684=  1788 

Column 12 – N1  1789 

The expected crash frequency based on the assumption that different roadway 1790 
elements are perfectly correlated, N1, is calculated using Equation A-13 from Part C 1791 
Appendix as follows: 1792 

                              (TOTAL) observed1(TOTAL) predicted11 N)w(1NwN −+=  1793 

                                                    90.684)-(14.3470.684 ×+×=  1794 

                                                    5.817=  1795 

Column 13 – Nexpected/comb 1796 

The expected average crash frequency based of combined sites, Np/comb, is 1797 
calculated using Equation A-14 from Part C Appendix as follows: 1798 
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2

NN
N 10

ombexpected/c

+
=  1799 

                                                      
2

5.8175.799 +
=  1800 

                                                       5.808=  1801 

Worksheet 4B – Project-Level EB Method Summary Results for Rural Two-Lane 1802 
Two-Way Roads and Multilane Highways 1803 

Worksheet 4B presents a summary of the results. The expected average crash 1804 
frequency by severity level is calculated by applying the proportion of predicted 1805 
average crash frequency by severity level to the total expected average crash 1806 
frequency (Column 3).  1807 

Worksheet 4B – Project-Level EB Method Summary Results for Rural Two-Lane Two-Way Roads and 
Multilane Highways 

(1) (2) (3) 

Crash severity level Npredicted Nexpected 

(2)COMB from Worksheet 4A (13)COMB from Worksheet 4A Total 

4.347 5.8 

(3)COMB from Worksheet 4A (3)TOTAL*(2)FI/(2)TOTAL Fatal and injury (FI) 

2.189 2.9 

(4)COMB from Worksheet 4A (3)TOTAL*(2)PDO/(2)TOTAL Property damage only (PDO) 

2.158 2.9 

 1808 
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11.12.6. Sample Problem 6  1809 

The Project 1810 

An existing rural two-lane roadway is proposed for widening to a four-lane 1811 
highway facility. One portion of the project is planned as a four-lane divided 1812 
highway, while another portion is planned as a four-lane undivided highway. There 1813 
is one three-leg stop-controlled intersection located within the project limits. 1814 

The Question 1815 

What is the expected average crash frequency of the proposed rural four-lane 1816 
highway facility for a particular year and what crash reduction is expected in 1817 
comparison to the existing rural two-lane highway facility? 1818 

The Facts 1819 

 Existing rural two-lane roadway facility with two roadway segments and 
one intersection equivalent to the facilities in Chapter 10 Sample Problems 
1, 2 and 3. 

 Proposed rural four-lane highway facility with two roadway segments 
and one intersection equivalent to the facilities in Sample Problems 1, 2 
and 3 presented in this chapter. 

Outline of Solution 1820 

Sample Problem 6 applies the Project Estimation Method 1 presented in Section 1821 
C.7 of the Part C Introduction and Applications Guidance (i.e. the expected average crash 1822 
frequency for existing conditions is compared to the predicted average crash 1823 
frequency of proposed conditions). The expected average crash frequency for the 1824 
existing rural two-lane roadway can be represented by the results from applying the 1825 
site-specific EB Method in Chapter 10 Sample Problem 5. The predicted average crash 1826 
frequency for the proposed four-lane facility can be determined from the results of 1827 
Sample Problems 1, 2 and 3 in this chapter. In this case, Sample Problems 1 through 3 1828 
are considered to represent a proposed facility rather than an existing facility; 1829 
therefore, there is no observed crash frequency data, and the EB Method is not 1830 
applicable. 1831 

Results 1832 

The predicted average crash frequency for the proposed four-lane facility project 1833 
is 4.4 crashes per year and the predicted crash reduction from the project is 8.1 1834 
crashes per year. The table below presents a summary of the results.  1835 
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Site 

Expected Average 
Crash Frequency for 

the Existing Condition 
(crashes/year)a 

Predicted average 
crash frequency for 

the Proposed 
Condition 

(crashes/year)b 

Predicted Crash 
Reduction from 

Project 
Implementation 
(crashes/year) 

Segment 1 8.2 3.3 4.9 

Segment 2 1.4 0.3 1.1 

Intersection 1 2.9 0.8 2.1 

Total 12.5 4.4 8.1 
a from Sample Problems 5 in Chapter 10 1836 
b from Sample Problems 1 through 3 in Chapter 11  1837 
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 APPENDIX A ─ WORKSHEETS FOR 1871 

APPLYING THE PREDICTIVE METHOD 1872 

FOR RURAL MULTILANE ROADS 1873 

 1874 
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 1875 

Worksheet 1A – General Information and Input Data for Rural Multilane Roadway Segments 

General Information Location Information 

Analyst  Highway  

Agency or Company  Roadway Section  

Date Performed  Jurisdiction  

   Analysis Year  

Input Data Base Conditions Site Conditions 

Roadway type (divided/undivided) -  

Length of segment, L (mi) -  

AADT (veh/day) -  

Lane width (ft) 12  

Shoulder width (ft) - right shoulder width for divided 8  

Shoulder type - right shoulder type for divided paved  

Median width (ft) - for divided only 30  

Side Slopes - for undivided only 1:7 or flatter  

Lighting (present/not present) not present  

Auto speed enforcement (present/not present) not present  

Calibration Factor, Cr 1.0  

 1876 

 1877 

 1878 

 1879 

 1880 

  1881 



Highway Safety Manual – 1st Edition Current as of April 6, 2009 

Part C / Predictive Method Page 11-77 
Chapter 11—Rural Multilane Highways 

 1882 

Worksheet 1B (a) – Accident Modification Factors for Rural Multilane Divided Roadway Segments 

(1) (2) (3) (4) (5) (6) 

AMF for Lane Width AMF for Right Shoulder 
Width 

AMF for Median Width AMF for Lighting AMF for Auto Speed 
Enforcement 

Combined AMF 

AMF1rd AMF2rd AMF3rd AMF4rd AMF5rd AMFCOMB 

from Equation 11-16 from Exhibit 11-27 from Exhibit 11-28 from Equation 11-17 from Section 11.7.2  (1)*(2)*(3)*(4)*(5) 

      

 1883 
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 1884 

Worksheet 1B (b) – Accident Modification Factors for Rural Multilane Undivided Roadway Segments 

(1) (2) (3) (4) (5) (6) 

AMF for Lane Width AMF for Shoulder Width AMF for Side Slopes AMF for Lighting AMF for Auto Speed 
Enforcement 

Combined AMF 

AMF1ru AMF2ru AMF3ru AMF4ru AMF5ru AMFCOMB 

from Equation 11-13 from Equation 11-14 from Exhibit 11-23 from Equation 11-15 from Section 11.7.1 (1)*(2)*(3)*(4)*(5) 
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 1885 
Worksheet 1C (a) – Roadway Segment Crashes for Rural Multilane Divided Roadway Segments 

(1) (2) (3) (4) (5) (6) (7) 

Crash Severity Level SPF Coefficients  Nspf rd Overdispersion 
Parameter, k 

Combined AMFs Predicted average 
crash frequency, 

Npredicted rs 

from Exhibit 11-8   

a b c 
from Equation 11-9 from Equation 11-10  (6) from 

Worksheet 1B (a) 

Calibration 
Factor, Cr 

(3)*(5)*(6) 

Total -9.025 1.049 1.549      

Fatal and Injury (FI)  -8.837 0.958 1.687      

Fatal and Injurya (FIa) -8.505 0.874 1.740      

(7)TOTAL - (7)FI Property damage only (PDO)  
- - - - - - - 

 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1886 
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 1887 
Worksheet 1C (b) – Roadway Segment Accidents for Rural Multilane Undivided Roadway Segments 

(1) (2) (3) (4) (5) (6) (7) 

Crash Severity Level SPF Coefficients  Nspf ru Overdispersion 
Parameter, k 

Combined AMFs Predicted average 
crash frequency, 

Npredicted rs 

from Exhibit 11-5   

a b c 
from Equation 11-7 from Equation 11-8 (6) from 

Worksheet 1B (b) 

Calibration 
Factor, Cr 

(3)*(5)*(6) 

Total -9.653 1.176 1.675      

Fatal and Injury (FI)  -9.410 1.094 1.796      

Fatal and Injurya (FIa) -8.577 0.938 2.003      

(7)TOTAL - (7)FI Property damage only (PDO)  
- - - - - - - 

 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1888 
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 1889 

Worksheet 1D (a) – Crashes by Severity Level and Collision Type for Rural Multilane Divided Roadway Segments 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Proportion of 
Collision Type 

(TOTAL) 

Npredicted rs (TOTAL) 

(crashes/year) 
Proportion of 
Collision Type 

(FI) 

Npredicted rs (FI) 

(crashes/year) 
Proportion of 
Collision Type 

(FI
a

) 

Npredicted rs (FI
a

) 

(crashes/year) 
Proportion of 
Collision Type 

(PDO) 

Npredicted rs (PDO) Collision Type 

from Exhibit 
11-10 

(7)TOTAL from 
Worksheet 1C (a) 

from Exhibit 
11-10 

(7)FI from 
Worksheet 1C (a) 

from Exhibit 
11-10 

(7)FI
a from 

Worksheet 1C (a) 
from Exhibit 

11-10 
(7)PDO from 

Worksheet 1C (a) 

Total  1.000  1.000  1.000  1.000  

   (2)*(3)TOTAL  (4)*(5)FI  (6)*(7) FI
a  (8)*(9)PDO 

Head-on collision 0.006  0.013  0.018  0.002  

Sideswipe collision 0.043  0.027  0.022  0.053  

Rear-end collision 0.116  0.163  0.114  0.088  

Angle collision 0.043  0.048  0.045  0.041  

Single-vehicle collision 0.768  0.727  0.778  0.792  

Other collision 0.024  0.022  0.023  0.024  

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1890 
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 1891 

Worksheet 1D (b) – Accidents by Severity Level and Collision Type for Rural Multilane Undivided Roadway Segments 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Proportion of 
Collision Type 

(TOTAL) 

Npredicted rs (TOTAL) 

(crashes/year) 
Proportion of 
Collision Type 

(FI) 

Npredicted rs (FI) 

(crashes/year) 
Proportion of 
Collision Type 

(FI
a

) 

Npredicted rs (FI
a

) 

(crashes/year) 
Proportion of 
Collision Type 

(PDO) 

Npredicted rs (PDO) 

(crashes/year) 
Collision Type 

from Exhibit 
11-7 

(7)TOTAL from 
Worksheet 1C (b) 

from Exhibit 
11-7 

(7)FI from 
Worksheet 1C (b) 

from Exhibit 
11-7 

(7)FI
a from 

Worksheet 1C (b) 
from Exhibit 

11-7 
(7)PDO from 

Worksheet 1C (b) 

Total  1.000  1.000  1.000  1.000  

   (2)*(3)TOTAL  (4)*(5)FI  (6)*(7)FI
a
  (8)*(9)PDO 

Head-on collision 0.009  0.029  0.043  0.001  

Sideswipe collision 0.098  0.048  0.044  0.120  

Rear-end collision 0.246  0.305  0.217  0.220  

Angle collision 0.356  0.352  0.348  0.358  

Single-vehicle collision 0.238  0.238  0.304  0.237  

Other collision 0.053  0.028  0.044  0.064  

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1892 
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 1893 

Worksheet 1E – Summary Results for Rural Multilane Roadway Segments  

(1) (2) (3) (4) 

Predicted average crash frequency 
(crashes/year) 

Crash rate  
(crashes/mi/year) 

Crash severity level 

(7) from Worksheet 1C (a) or (b) 

Roadway segment 
length (mi) 

(2)/(3) 

Total    

Fatal and injury (FI)    

Fatal and Injurya (FIa)    

Property damage only (PDO)    

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1894 
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 1895 

Worksheet 2A – General Information and Input Data for Rural Multilane Highway Intersections 

General Information  Local Information  

Analyst  Highway  

Agency or Company  Intersection  

Date Performed  Jurisdiction  

   Analysis Year  

Input Data Base Conditions Site Conditions 

Intersection type (3ST, 4ST, 4SG) -  

AADTmajor (veh/day) -  

AADTminor (veh/day) -  

Intersection skew angle (degrees) 0  

Number of signalized or uncontrolled approaches with a left turn lane (0,1,2,3,4) 0  

Number of signalized or uncontrolled approaches with a right turn lane 
(0,1,2,3,4) 0  

Intersection lighting (present/not present) not present  

Calibration Factor, Ci 1.0  

 1896 
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 1897 

Worksheet 2B – Accident Modification Factors for Rural Multilane Highway Intersections 

(1) (2) (3) (4) (5) (6) 

AMF for Intersection Skew 
Angle 

AMF for Left-Turn Lanes AMF for Right-Turn 
Lanes 

AMF for Lighting 

AMF1i AMF2i AMF3i AMF4i 

Combined AMF Crash Severity Level 

from Equations 11-18 or 
11-20 and 11-19 or 11-21 

from Exhibit 11-32 from Exhibit 11-33 from Equation 11-22 (1)*(2)*(3)*(4) 

Total      

Fatal and Injury (FI)   

 1898 

Worksheet 2C – Intersection Crashes for Rural Multilane Highway Intersections 

(1) (2) (3) (4) (5) (6) (7) 

Crash Severity Level SPF Coefficients  Nspf int Overdispersion 
Parameter, k 

Combined AMFs Calibration 
Factor 

Predicted average crash 
frequency, Npredicted int 

form Exhibit 11-11 or 11-12   

a b c 

from Equation 
11-11 or 11-12 

from Exhibit 11-11 
or 11-12 

from (6) of 
Worksheet 2B Ci (3)*(5)*(6) 

Total         

Fatal and Injury (FI)         

Fatal and Injurya (FIa)         

(7)TOTAL - (7)FI Property Damage Only (PDO) 
- - - - - - - 

 

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1899 
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Worksheet 2D – Accidents by Severity Level and Collision Type for Rural Multilane Highway Intersections 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Proportion of 
Collision Type 

(TOTAL) 

Npredicted int (TOTAL) 

(crashes/year) 
Proportion of 
Collision Type 

(FI) 

Npredicted int (FI) 

(crashes/year) 
Proportion of 
Collision Type 

(FI
a

) 

Npredicted int (FI
a

) 

(crashes/year) 
Proportion of 
Collision Type 

(PDO) 

Npredicted int (PDO) 

(crashes/year) 
Collision Type 

from Exhibit 
11-16 

(7)TOTAL from 
Worksheet 2C 

from Exhibit 
11-16 

(7)FI from 
Worksheet 2C 

from Exhibit 
11-16 

(7)FI
a from 

Worksheet 2C 
from Exhibit 

11-16 
(7)PDO from 

Worksheet 2C 

Total  1.000  1.000  1.000  1.000  

   (2)*(3)TOTAL  (4)*(5)FI  (6)*(7) FI
a  (8)*(9) PDO 

Head-on collision         

Sideswipe collision         

Rear-end collision         

Angle collision         

Single-vehicle collision         

Other collision         

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1900 

Worksheet 2E – Summary Results for Rural Multilane Highway Intersections 

(1) (2) 

Predicted average crash frequency (crashes/year) Crash severity level 

(7) from Worksheet 2C 

Total  

Fatal and Injury (FI)  

Fatal and Injurya (FIa)  

Property Damage Only (PDO)  

NOTE: a Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury) are not included. 1901 
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Worksheet 3A – Predicted and Observed Crashes by Severity and Site Type Using the Site-Specific EB Method 

(1) (2) (3) (4) (5) (6) (7) (8) 

Predicted average crash frequency 
(crashes/year) 

Weighted adjustment, w Expected average 
crash frequency, 

Nexpected 

Site type 

Npredicted (TOTAL) Npredicted (FI) Npredicted (PDO) 

Observed 
crashes,  Nobserved 

(crashes/year) 

Overdispersion 
parameter, k 

 
Equation A-5 from Part 

C Appendix 
Equation A-4 from 
Part C Appendix 

ROADWAY SEGMENTS 

Segment 1        

Segment 2        

Segment 3        

Segment 4        

Segment 5        

Segment 6        

Segment 7        

Segment 8        

INTERSECTIONS 

Intersection 1        

Intersection 2        

Intersection 3        

Intersection 4        

Intersection 5        

Intersection 6        

Intersection 7        

Intersection 8        

COMBINED (sum of column)     - -  
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 1902 

Worksheet 3B –  Site-Specific EB Method Summary Results 
(1) (2) (3) 

Crash severity level Npredicted Nexpected 

(2)COMB from Worksheet 3A (8)COMB from Worksheet 3A Total 

  

(3)COMB from Worksheet 3A (3)TOTAL*(2)FI/(2)TOTAL Fatal and injury (FI) 

  

(4)COMB from Worksheet 3A (3)TOTAL*(2)PDO/(2)TOTAL Property damage only (PDO) 

  

 1903 
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 1904 

Worksheet 4A – Predicted and Observed Crashes by Severity and Site Type Using the Project-Level EB Method 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

Predicted average crash frequency 
(crashes/year) 

Nw0 
 

Nw1 
 

W0 
 

N0 
 

w1 
 

N1 
 

Np/comb 

 
Site type 

Npredicted 

(TOTAL) 
Npredicted 

(FI) 
Npredicted (PDO) 

Observed 
crashes,  
Nobserved 

(crashes
/year) 

Overdispersion  
Parameter, k 

Equation A-8 
(6)* (2)2 

Equation A-9 
sqrt((6)*(2)) 

Equation 
A-10 

Equation 
A-11 

Equation 
A-12 

Equation 
A-13 

Equation 
A-14 

ROADWAY SEGMENTS 

Segment 1    -    - - - - - 

Segment 2    -    - - - - - 

Segment 3    -    - - - - - 

Segment 4    -    - - - - - 

Segment 5    -    - - - - - 

Segment 6    -    - - - - - 

Segment 7    -    - - - - - 

Segment 8    -    - - - - - 

INTERSECTIONS 

Intersection 1    -    - - - - - 

Intersection 2    -    - - - - - 

Intersection 3    -    - - - - - 

Intersection 4    -    - - - - - 

Intersection 5    -    - - - - - 

Intersection 6    -    - - - - - 

Intersection 7    -    - - - - - 

Intersection 8    -    - - - - - 

COMBINED (sum 
of column)     -        
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 1905 

1906 Worksheet 4B – Project-Level EB Method Summary Results 
(1) (2) (3) 

Crash severity level Npredicted Nexpected 

(2)COMB from Worksheet 4A (13)COMB from Worksheet 4A Total 

  

(3)COMB from Worksheet 4A (3)TOTAL*(2)FI/(2)TOTAL Fatal and injury (FI) 

  

(4)COMB from Worksheet 4A (3)TOTAL*(2)PDO/(2)TOTAL Property damage only (PDO) 
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 APPENDIX B – PREDICTIVE MODELS 1907 

FOR SELECTED COLLISION TYPES 1908 

 The main text of this chapter presents predictive models for accidents by 1909 
severity level.  Tables with accident proportions by collision type are also presented 1910 
to allow estimates for accident frequencies by collision type to be derived from the 1911 
accident predictions for specific severity levels.  Safety prediction models are also 1912 
available for some, but not all, collision types.  These safety prediction models are 1913 
presented in this appendix for application by HSM users, where appropriate.  Users 1914 
should generally expect that a more accurate safety prediction for a specific collision 1915 
type can be obtained using a model developed specifically for that collision type than 1916 
using a model for all collision types combined and multiplying the result by the 1917 
proportion of that specific collision type of interest.  However, prediction models are 1918 
available only for selected collision types.  And, such models must be used with 1919 
caution by HSM users, because the results of a series of collision models for 1920 
individual collision types will not necessarily sum to the predicted accident 1921 
frequency for all collision types combined.  In other words, when predicted accident 1922 
frequencies for several collision types are used together, some adjustment of those 1923 
predicted accident frequencies may be required to assure that their sum is consistent 1924 
with results from the models presented in the main text of this chapter. 1925 

B.1 UNDIVIDED ROADWAY SEGMENTS 1926 

Exhibit 11-39 summarizes the values for the coefficients used in prediction 1927 
models that apply Equation 11-4 for estimating accident frequencies by collision type 1928 
for undivided roadway segments. Two specific collision types are addressed: single-1929 
vehicle and opposite-direction collisions without turning movements (SvOdn) and 1930 
same-direction collisions without turning movements (SDN).  These models are 1931 
assumed to apply for base conditions represented as the average value of the 1932 
variables in a jurisdiction. There are no AMFs for use with these models; the accident 1933 
predictions provided by these models are assumed to apply to average conditions for 1934 
these variables for which AMFs are provided in Section 11.7. 1935 

Exhibit 11-39: SPFs for Selected Collision Types on Four-Lane Undivided Roadway 1936 
Segments (Based on Equation 11-4) 1937 

Severity level/collision type a b 

Overdispersion 
parameter 
(fixed k)a 

Total – SvOdn -5.345 0.696 0.777 

Fatal and injury-SvOdn -7.224 0.821 0.946 

Fatal and injuryb – SvOdn -7.244 0.790 0.962 

Total – SDN -14.962 1.621 0.525 

Fatal and injury -SDN -12.361 1.282 0.218 

Fatal and injuryb – SDN -14.980 1.442 0.514 

NOTE: SvOdn - Single Vehicle and Opposite Direction without Turning Movements Crashes (note: these two crash 1938 
types were modeled together) 1939 
SDN - Same Direction without Turning Movement (note: this is a subset of all rear-end collisions) 1940 

 a This value should be used directly as the overdispersion parameter; no further computation is required. 1941 
 b Excluding accidents involving only possible injuries. 1942 

 1943 
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DIVIDED ROADWAY SEGMENTS 1944 

 No models by collision type are available for divided roadway segments on 1945 
rural multilane highways. 1946 

STOP-CONTROLLED INTERSECTIONS 1947 

 Exhibit 11-40 summarizes the values for the coefficients used in prediction 1948 
models that apply Equation 11-4 for estimating accident frequencies by collision type 1949 
for stop-controlled intersections on rural multilane highways. Four specific collision 1950 
types are addressed:  1951 

 Single-vehicle collisions 1952 

 Intersecting direction collisions (angle and left-turn-through  collisions) 1953 

 Opposing-direction collisions (head-on collisions) 1954 

 Same-direction collisions (rear-end collisions) 1955 

Exhibit 11-40 presents values for the coefficients a, b, c, and d used in applying 1956 
Equations 11-11 and 11-12 for predicting crashes by collision type for three- and four-1957 
leg intersections with minor-leg stop-control. The intersection types and severity 1958 
levels for which values are shown for coefficients a, b, and c are addressed with the 1959 
SPF shown in Equation 11-11.  The intersection types and severity levels for which 1960 
values are shown for coefficients a and d are addressed with the SPF shown in 1961 
Equation 11-12. The models presented in this exhibit were developed for intersections 1962 
without specific base conditions. Thus, when using these models for predicting 1963 
accident frequencies, no AMFs should be used and it is assumed that the predictions 1964 
apply to typical or average conditions for the AMFs presented in Section 11.7.   1965 

Exhibit 11-40: Collision Type Models for Stop-Controlled Intersections without Specific 1966 
Base Conditions (Based on Equations 11-11 and 11-12)  1967 

Intersection type/ 
severity level/collision type a b c d 

Overdispersion parameter 
(fixed k)a 

4ST Total 
Single Vehicle 

-9.999 - - 0.950 0.452 

4ST Fatal and injury 
Single Vehicle 

-10.259   0.884 0.651 

4ST Fatal and injuryb 
Single Vehicle 

-9.964 - - 0.800 1.010 

4ST Total 
Int. Direction 

-7.095 0.458 0.462 - 1.520 

4ST Fatal and injury 
Int. Direction 

-7.807 0.467 0.505  1.479 

4ST Fatal and injuryb 
Int. Direction 

-7.538 0.441 0.420 - 1.506 

4ST Total 
Opp. Direction 

-8.539 0.436 0.570 - 1.068 

4ST Fatal and injury 
Opp. Direction 

10.274 0.465 0.529  1.453 

4ST Fatal and injuryb 
Opp. Direction 

-10.058 0.497 0.547 - 1.426 
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Intersection type/ 
severity level/collision type a b c d 

Overdispersion parameter 
(fixed k)a 

4ST Total 
Same Direction 

-11.460 0.971 0.291 - 0.803 

4ST Fatal and injury 
Same Direction 

-11.602 0.932 0.246  0.910 

4ST Fatal and injuryb 
Same Direction 

-13.223 1.032 0.184 - 1.283 

3ST Total 
Single Vehicle 

-10.986 - - 1.035 0.641 

3ST Fatal and injury 
Single Vehicle 

-10.835   0.934 0.741 

3ST Fatal and injuryb 
Single Vehicle 

-11.608 - - 0.952 0.838 

3ST Total 
Int. Direction 

-10.187 0.671 0.529 - 1.184 

3ST Fatal and injury 
Int. Direction 

-11.171 0.749 0.487  1.360 

3ST Fatal and injuryb 
Int. Direction 

-12.084 0.442 0.796 - 1.5375 

3ST Total 
Opp. Direction 

-13.808 1.043 0.425 - 1.571 

3ST Fatal and injury 
Opp. Direction 

-14.387 1.055 0.432  1.629 

3ST Fatal and injuryb 
Opp. Direction 

-15.475 0.417 1.105  1.943 

3ST Total 
Same Direction 

-15.457 1.381 0.306  0.829 

3ST Fatal and injury 
Same Direction 

-14.838 1.278 0.227  0.754 

3ST Fatal and injuryb 
Same Direction 

-14.736 1.199 0.147  0.654 

NOTE: Int. Direction = Intersecting Direction (angle and left-turn-through crashes) 1968 
Opp. Direction = Opposing Direction (head-on) 1969 

 a This value should be used directly as the overdispersion parameter; no further computation is required. 1970 
 b Excluding accidents involving only possible injuries. 1971 

SIGNALIZED INTERSECTIONS 1972 

 No models by collision type are available for signalized intersections on 1973 
rural multilane highways. 1974 

 1975 
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