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CHAPTER 13 ROADWAY SEGMENTS 1 

13.1. INTRODUCTION 2 

Chapter 13 presents the Accident Modification Factors (AMFs) for design, traffic 3 
control, and operational treatments on roadway segments. Pedestrian and bicyclist 4 
treatments, and the effects on expected average crash frequency of other treatments 5 
such as illumination, access points, and weather issues, are also discussed. The 6 
information presented in this chapter is used to identify effects on expected average 7 
crash frequency resulting from treatments applied to roadway segments. 8 

The Part D Introduction and Applications Guidance section provides more 9 
information about the processes used to determine the AMFs presented in this 10 
chapter.  11 

Chapter 13 is organized into the following sections:  12 

• Definition, Application, and Organization of AMFs (Section 13.2) 13 

• Definition of a Roadway Segment (Section 13.3) 14 

• Crash Effects of Roadway Elements (Section 13.4) 15 

• Crash Effects of Roadside Elements (Section 13.5) 16 

• Crash Effects of Alignment Elements (Section 13.6) 17 

• Crash Effects of Roadway Signs (Section 13.7) 18 

• Crash Effects of Roadway Delineation (Section 13.8) 19 

• Crash Effects of Rumble Strips (Section 13.9) 20 

• Crash Effects of Traffic Calming (Section 13.10) 21 

• Crash Effects of On-Street Parking (Section 13.11) 22 

• Crash Effects of Roadway Treatments for Pedestrians and Bicyclists 23 
(Section 13.12) 24 

•  25 

•  26 

• Crash Effects of Highway Lighting (Section 0) 27 

• Crash Effects of Roadway Access Management (Section 13.14) 28 

• Crash Effects of Weather Issues (Section 13.15) 29 

• Conclusion (Section 13.16) 30 

Appendix A presents the crash trends for treatments for which AMFs are not 31 
currently known, and a listing of treatments for which neither AMFs nor trends are 32 
unknown. 33 

13.2. DEFINITION, APPLICATION, AND ORGANIZATION OF AMFS 34 

 AMFs quantify the change in expected average crash frequency (crash effect) at 35 
a site caused by implementing a particular treatment (also known as a 36 
countermeasure, intervention, action, or alternative), design modification, or change 37 
in operations. AMFs are used to estimate the potential change in expected crash 38 
frequency or crash severity plus or minus a standard error due to implementing a 39 

Chapter 13 presents the 

Accident Modification 

Factors (AMFs) for design, 

traffic control, and 

operational treatments on 

roadway segments. 

Chapter 3 provides a 

thorough definition and 

explanation of AMFs. 
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particular action. The application of AMFs involves evaluating the expected average 40 
crash frequency with or without a particular treatment, or estimating it with one 41 
treatment versus a different treatment.  42 

Specifically, the AMFs presented in this chapter can be used in conjunction with 43 
activities in Chapter 6 Select Countermeasures, and Chapter 7 Economic Appraisal. Some 44 
Part D AMFs are included in Part C for use in the predictive method. Other Part D 45 
AMFs are not presented in Part C but can be used in the methods to estimate change 46 
in crash frequency described in Section C.7 of the Part C Introduction and Applications 47 
Guidance. Chapter 3 Fundamentals, Section 3.5.3 Accident Modification Factors 48 
provides a comprehensive discussion of AMFs including: an introduction to AMFs, 49 
how to interpret and apply AMFs, and applying the standard error associated with 50 
AMFs.  51 

In all Part D chapters, the treatments are organized into one of the following 52 
categories: 53 

1. AMF is available; 54 

2. Sufficient information is available to present a potential trend in crashes or 55 
user behavior, but not to provide an AMF; 56 

3. Quantitative information is not available. 57 

Treatments with AMFs (Category 1 above) are typically estimated for three 58 
accident severities: fatal, injury, and non-injury. In the HSM, fatal and injury are 59 
generally combined and noted as injury. Where distinct AMFs are available for fatal 60 
and injury severities, they are presented separately. Non-injury severity is also 61 
known as property-damage-only severity.   62 

Treatments for which AMFs are not presented (Categories 2 and 3 above) 63 
indicate that quantitative information currently available did not meet the criteria for 64 
inclusion in the HSM. However, in Category 2 there was sufficient information to 65 
identify a trend associated with the treatments. The absence of an AMF indicates 66 
additional research is needed to reach a level of statistical reliability and stability to 67 
meet the criteria set forth within the HSM. Treatments for which AMFs are not 68 
presented are discussed in Appendix A. 69 

13.3. DEFINITION OF A ROADWAY SEGMENT 70 

A roadway is defined as “the portion of a highway, including shoulders, for 71 
vehicular use; a divided highway has two or more roadways.”(17) A roadway segment 72 
consists of a continuous portion of a roadway with similar geometric, operational, 73 
and vehicular characteristics. Roadways where significant changes in these 74 
characteristics are observed from one location to another should be analyzed as 75 
separate segments. (30)  76 

13.4. CRASH EFFECTS OF ROADWAY ELEMENTS 77 

13.4.1. Background and Availability of AMFs 78 

Roadway elements vary depending on road type, road function, environment 79 
and terrain. Exhibit 13-1 summarizes common treatments related to roadway 80 
elements and the corresponding AMF availability. 81 

 82 

 83 

 84 

Section 13.4 provides a 

summary of roadway 

elements with AMFs. 
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 85 

Exhibit 13-1: Summary of Treatments Related to Roadway Elements 86 

HSM Section Treatment Rural 
Two-
Lane 
Road 

Rural 
Multi-Lane  
Highway 

Rural 
Frontage 

Road 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

13.4.2.1 Modify lane width    - - - - 

13.4.2.2 
Add lanes by 
narrowing existing 
lanes and shoulders 

N/A 
 

- 
N/A  - - - 

13.4.2.3 Remove through lanes 
or “road diets” N/A N/A N/A N/A N/A  N/A 

13.4.2.4 Add or widen paved 
shoulder    - - - - 

13.4.2.5 Modify shoulder type  - - - - - - 

13.4.2.6 Provide a raised 
median -  N/A - -  - 

13.4.2.7 Change width of 
existing median N/A  N/A - -  - 

Appendix A Increase median width - T N/A T T - - 
NOTE: 

 = Indicates that an AMF is available for this treatment. 
T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known and presented in Appendix A. 
- = Indicates that an AMF is not available and a trend is not known. 
N/A = Indicates that the treatment is not applicable to the corresponding setting. 

13.4.2. Roadway Element Treatments with AMFs 87 

13.4.2.1. Modify Lane Width 88 

Rural two-lane roads  89 

Widening lanes on rural two-lane roads reduces a specific set of related accident 90 
types, namely single-vehicle run-off-road accidents and multiple-vehicle head-on,  91 
opposite-direction sideswipe, and same-direction sideswipe collisions. The AMF for 92 
lane width is determined with the equations presented in Exhibit 13-2, which are 93 
illustrated by the graphs in Exhibit 13-3.(10,16,33) The crash effect of lane width varies 94 
with traffic volume, as shown in the exhibits.  95 

Relative to a 12-ft lanes base condition, 9-ft wide lanes increase the frequency of 96 
related accident types identified above. (10,16) 97 

For roads with an AADT of 2,000 or more, lane width has a greater effect on 98 
expected average crash frequency. Relative to 12-ft lanes, 9-ft wide lanes increase the 99 
frequency of related accident types identified above more than either 10-ft or 11-ft 100 
lanes.(16,33) 101 

For lane widths other than 9, 10, 11, and 12 ft, the crash effect can be interpolated 102 
between the lines shown in Exhibit 13-3.  103 

If lane widths for the two directions of travel on a roadway segment differ, the 104 
AMF is determined separately for the lane width in each direction of travel and then 105 
averaged.(16) The base condition of the AMFs (i.e., the condition in which the AMF = 106 
1.00) is 12 ft lanes. 107 
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Exhibit 13-2: AMF for Lane Width on Rural Two-Lane Roadway Segments(16) 108 

Average Annual Daily Traffic (AADT) (vehicles/day) Lane Width 

< 400 400 to 2000 > 2000 

9 ft or less 1.05 1.05+2.81x10-4(AADT-400) 1.50 

10 ft 1.02 1.02+1.75x10-4(AADT-400) 1.30 

11 ft 1.01 1.01+2.5x10-5(AADT-400) 1.05 

12 ft or more 1.00 1.00 1.00 

NOTE:   The collision types related to lane width to which these AMFs apply are single-vehicle run-off the-road and 109 
multiple-vehicle head-on, opposite-direction sideswipe, and same-direction sideswipe accidents.  110 

  Standard error of the AMF is unknown. 111 
 To determine the AMF for changing lane width and/or AADT, divide the “new” condition AMF by the 112 

“existing” condition AMF. 113 
 114 

Exhibit 13-3: Potential Crash Effects of Lane Width on Rural Two-Lane Roads Relative to 115 
12-ft Lanes (3) 116 

  117 
NOTE:  Standard error of the AMF is unknown. 118 

To determine the AMF for changing lane width and/or AADT, divide the “new” condition AMF by the 119 
“existing” condition AMF. 120 

 121 
Exhibit 13-23 and Equation 13-3 in Section 13.4.3 (Conversion Factor for Total-122 

Crashes) may be used to express the lane width AMFs in terms of the crash effect on 123 
total crashes, rather than just the accident types identified in Exhibit 13-2 and Exhibit 124 
13-3.(10,16,33)   125 

The gray box below presents an example of how to apply the preceding 126 
equations and graphs to assess the total crash effects of modifying the lane width on 127 
a rural two-lane highway. 128 

This factor applies to single-vehicle run-off-road 
and multiple-vehicle head-on, opposite-direction 
sideswipe, and same-direction sideswipe 
accidents. 
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129 

Effectiveness of Modifying Lane Width 

Question: 
As part of improvements to a 5-mile section of a rural two-lane road, the local 
jurisdiction has proposed widening the roadway from 10-ft to 11-ft lanes. What will be 
the likely reduction in expected average crash frequency for opposite direction 
sideswipe crashes, and for total crashes?  

Given Information: 
• Existing roadway = rural two-lane 

• AADT = 2,200 vehicles per day 

• Expected average crash frequency without treatment for the five mile 
segment (see Part C Predictive Method): 

a) 9 opposite direction sideswipe crashes/year 

b) 30 total crashes/year 

Find: 
• Expected average opposite direction sideswipe crash frequency with the 

implementation of 11-ft lanes 

• Expected average total crash frequency with the implementation of 11-ft 
lanes 

• Expected average opposite direction sideswipe crash frequency reduction 

• Expected average total crash frequency reduction 

Answer: 
1) Identify the Applicable AMFs  

a) Exhibit 13-3 for opposite direction sideswipe crashes 

b) Equation 13-3 or Exhibit 13-23 for all crashes 

Note that for a conversion from opposite direction sideswipe crashes to all 
crashes the information in Section 13.4.3 which contains Equation 13-3 and 
Exhibit 13-23 may be applied. 

2) Calculate the AMF for the existing condition 10-ft lane width 

a) For opposite direction sideswipe crashes 

AMFra = 1.30 (Exhibit 13-3)  

b) For total crashes 

AMFtotal = (1.30-1.00) x 0.30 + 1.00 = 1.09 (Equation 13-3 or Exhibit 13-23) 

3) Calculate the AMF for the proposed condition 11-ft lane width 

a) For opposite direction sideswipe crashes 

AMFra = 1.05 From (Exhibit 13-3)  

b) For total crashes 

AMFtotal = (1.05-1.00) x 0.30 + 1.00 = 1.01 (Equation 13-3 or Exhibit 13-23) 
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 130 

Rural Multilane Highways 131 

Widening lanes on rural multilane highways reduces the same specific set of 132 
related accident types as rural two-lane highways, namely single-vehicle run-off-road 133 
accidents and multiple-vehicle head-on, opposite-direction sideswipe, and same-134 
direction sideswipe collisions.  The AMF for lane width is determined with the 135 
equations presented in Exhibit 13-4 for undivided multilane highways and in Exhibit 136 
13-6 for divided multilane highways. These equations are illustrated by the graphs 137 
shown in Exhibit 13-5 and Exhibit 13-7, respectively.  The crash effect of lane width 138 
varies with traffic volume, as shown in the exhibits. 139 

For roads with an AADT of 400 or less, lane width has a small crash effect.  140 
Relative to a 12-ft lanes base condition, 9-ft wide lanes increase the frequency of 141 
related accident types identified above. 142 

For roads with an AADT of 2,000 or more, lane width has a greater effect on 143 
expected average crash frequency. Relative to 12-ft lanes, 9-ft wide lanes increase the 144 
frequency of related accident types identified above more than either 10-ft or 11-ft 145 
lanes. 146 

Effectiveness of Modifying Lane Width (Continued) 

4) Calculate the treatment (AMFTreatment) corresponding to the change in lane width 
for opposite direction sideswipe crashes and for all crashes.  

a) For opposite direction sideswipe crashes 

AMFra Treatment = 1.05/1.30 = 0.81 

b) For total crashes 

AMFtotal Treatment = 1.01/1.09 = 0.93 

5) Apply the treatment AMF (AMFTreatment) to the expected number of crashes at the 
intersection without the treatment. 

a) For opposite direction sideswipe crashes 

= 0.81(9 crashes/year) = 7.3 crashes/year 

b) For total crashes 

= 0.93(30 crashes/year) = 27.9 crashes/year 

6) Calculate the difference between the expected number of crashes without the 
treatment and the expected number with the treatment. 

Change in Expected Average Crash Frequency: 

a) For opposite direction sideswipe crashes 

9.0 – 7.3 = 1.7 crashes/year reduction 

b) For total crashes 

30.0 – 27.9 = 2.1 crashes/year reduction 

7)   Discussion: The proposed change in lane width may potentially reduce 
opposite direction sideswipe crashes by 1.7 crashes/year and total 
crashes by 2.1 crashes per year. Note that a standard error has not 
been determined for this AMF, therefore a confidence interval cannot be 
calculated. 
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For lane widths other than 9, 10, 11, and 12 ft, the crash effect can be interpolated 147 
between the lines shown in Exhibits 13-3b and 13-3d.  Lanes less than 9 ft wide can be 148 
assigned an AMF equal to 9-ft lanes.  Lanes greater than 12-ft wide can be assigned a 149 
crash effect equal to 12-ft lanes. 150 

The effect of lane width on undivided rural multilane highways is equal to 151 
approximately 75% of the effect of lane width on rural two-lane roads.(34) Where the 152 
lane widths on a roadway vary, the AMF is determined separately for the lane width 153 
in each direction of travel and the resulting AMFs are then averaged.  The base 154 
condition of the AMFs (i.e., the condition in which the AMF = 1.00) is 12-ft lanes. 155 

Exhibit 13-4:  AMF for Lane Width on Undivided Rural Multilane Roadway Segments(34) 156 

Average Annual Daily Traffic (AADT) (veh/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 

NOTE:   The collision types related to lane width to which these AMFs apply are single-vehicle run-off the-road and 157 
multiple-vehicle head-on, opposite-direction sideswipe, and same-direction sideswipe accidents.  158 

  Standard error of the AMF is unknown. 159 
 To determine the AMF for changing lane width and/or AADT, divide the “new” condition AMF by the 160 

“existing” condition AMF. 161 

Exhibit 13-5:  Potential crash Effects of Lane Width on Undivided Rural Multilane Roads 162 
Relative to 12-ft Lanes (34) 163 
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 164 
NOTE:  Standard error of the AMF is unknown. 165 

To determine the AMF for changing lane width and/or AADT, divide the “new” condition AMF by the 166 
“existing” condition AMF. 167 

The effect of lane width on divided rural multilane highways is equal to 168 
approximately 50% of the effect of lane width on rural two-lane roads.(34) Where the 169 
lane widths on a roadway vary, the AMF should be determined separately for the 170 

This factor applies to single-vehicle run-off-road 
and multiple-vehicle head-on, opposite-direction 
sideswipe, and same-direction sideswipe 
accidents. 
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lane width in each direction of travel and the resulting AMFs is then averaged. The 171 
base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is 12-ft lanes. 172 

Exhibit 13-6: AMF for Lane Width on Divided Rural Multilane Roadway Segments(34)  173 

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

9 ft or 
less 

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 or 
more 

1.00 1.00 1.00 

NOTE:   The collision types related to lane width to which these AMFs apply are single-vehicle run-off the-road and 174 
multiple-vehicle head-on, opposite-direction sideswipe, and same-direction sideswipe accidents.  175 

  Standard error of the AMF is unknown. 176 
 To determine the AMF for changing lane width and/or AADT, divide the “new” condition AMF by the 177 

“existing” condition AMF. 178 
 179 

Exhibit 13-7: Potential Crash Effects of Lane Width on Divided Rural Multilane Roads 180 
Relative to 12-ft Lanes (34)  181 
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 182 
NOTE:  Standard error of the AMF is unknown. 183 

To determine the AMF for changing lane width and/or AADT, divide the “new” condition AMF by the 184 
“existing” condition AMF. 185 

 186 
Equation 13-3 in Section 13.4.3 (Conversion Factor for Total Crashes) may be 187 

used to express the lane width AMFs in terms of the crash effect on total crashes, 188 
rather than just the collision types identified in in the exhibits presented above. 189 

Rural Frontage Roads 190 

Rural frontage roads differ from rural two-lane roads because they have 191 
restricted access along at least one side of the road, a higher percentage of turning 192 
traffic, and periodic ramp-frontage-road terminals with yield control(22). AMFs for 193 
rural frontage roads are provided separately from AMFs for rural two-lane roads. 194 

This factor applies to single-vehicle run-off-road 
and multiple-vehicle head-on, opposite-direction 
sideswipe, and same-direction sideswipe 
accidents. 
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Equation 13-1 presents the AMF for lane width on rural frontage roads between 195 
successive interchanges(22). Exhibit 13-8 is based on Equation 13-1. The base condition 196 
of the AMFs (i.e., the condition in which the AMF = 1.00) is 12 ft lanes. 197 

 198 

 12.0)--0.188(LW
LW    AMF e=      (13-1) 199 

 where: 200 

  LW = average lane width (ft) 201 

Exhibit 13-8: Potential Crash Effects of Lane Width on Rural Frontage Roads(22) 202 

 203 
NOTE:  The standard error of the AMF is unknown. 204 
 To determine the AMF for changing lane width and/or AADT, divide the “new” condition AMF by the 205 

“existing” condition AMF. 206 

The average lane width represents the total width of the traveled way divided by 207 
the number of through lanes on the frontage road. Relative to 12-ft lanes, 9-ft wide 208 
lanes increase the number of accidents more than either 10-ft or 11-ft lanes. 209 

Both one-way and two-way frontage roads were considered in the development 210 
of this AMF. Development of this AMF was limited to lane widths ranging from 9 to 211 
13 ft and AADT values from 100 to 6,200. 212 

13.4.2.2. Add Lanes by Narrowing Existing Lanes and Shoulders 213 

This treatment consists of maintaining the existing roadway right-of-way and 214 
implementing additional lanes by narrowing existing lanes and shoulders. This 215 
treatment is only applicable to roadways with multiple lanes in one direction.  216 

Freeways 217 

The crash effects of adding a fifth lane to a base condition four-lane urban 218 
freeway within the existing right-of-way, by narrowing existing lanes and shoulders 219 
are shown in Exhibit 13-9.(4) The crash effects of adding a sixth lane to a base 220 
condition five-lane urban freeway by accident severity are also shown in Exhibit 221 
13-9.(4) 222 
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These AMFs apply to urban freeways with median barriers with a base condition 223 
(i.e., the condition in which the AMF = 1.00) of 12-ft lanes. The type of median barrier 224 
is undefined.  225 

For this treatment, lanes are narrowed to 11-ft lanes and the inside shoulders are 226 
narrowed to provide the additional width for the extra lane. The new lane may be 227 
used as a general purpose lane or a High Occupancy Vehicle (HOV) lane.  228 

Exhibit 13-9: Potential Crash Effects of Adding Lanes by Narrowing Existing Lanes and 229 
Shoulders (4) 230 

Treatment Setting 
(Road type) 

Traffic Volume 
AADT 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(All severities) 

1.11 0.05 

All types 
(Injury and Non-
injury tow-away) 

1.10* 0.07 
Four to five 
lane 
conversion 

79,000 to 
128,000, one 
direction 

All types 
(Injury) 

1.11 0.08 

All types 
(All severities) 

1.03* 0.08 

All types 
(Injury and Non-
injury tow-away) 

1.04* 0.1 
Five to six 
lane 
conversion 

Urban 
(Freeway) 

77,000 to 
126,000, one 
direction 

All types  
(Injury) 

1.07* 0.1 

Base Condition: Four or Five 12-ft lanes depending on initial roadway geometry. 

NOTE: Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 231 
 * Observed variability suggests that this treatment could result in an increase, decrease or no change in 232 

crashes. See Part D Introduction and Applications Guidance. 233 
 234 

Accident migration is generally not found to be a statistically significant outcome 235 
of this treatment.(20) 236 

13.4.2.3. Remove Through Lanes or “Road Diets” 237 

A “road diet” usually refers to the conversion of a four-lane undivided road into 238 
three lanes: two through lanes plus a center two-way left-turn lane. The remaining 239 
roadway width may be converted to bicycle lanes, sidewalks, or on-street parking.(4)  240 

Urban arterials 241 

The effect on crash frequency of removing two through lanes on urban four-lane 242 
undivided roads and adding a center two-way left-turn lane is shown in Exhibit 243 
13-10.(15) The base condition for this AMF (i.e., the condition in which the AMF = 1.00) 244 
is a four lane roadway cross section.  Original lane width is unknown. 245 

 246 
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Exhibit 13-10: Potential Crash Effects of Four to Three Lane Conversion or “Road 247 
Diet”(15) 248 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

Four to three 
lane conversion 

Urban 
(Arterials) 

Unspecified 
All types 
(All severities) 

0.71 0.02 

Base Condition: Four-lane roadway cross section. 

NOTE: Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 249 
 Original lane width is unknown. 250 
 251 

13.4.2.4. Add or Widen Paved Shoulder 252 

Rural two-lane roads 253 

Widening paved shoulders on rural two-lane roads reduces the same related 254 
accidents types as widening lanes; single-vehicle run-off-road accidents, multi-255 
vehicle head-on, opposite-direction sideswipe, and same-direction sideswipe 256 
collisions.  The AMF for shoulder width is determined with the equations presented 257 
in Exhibit 13-11, which are illustrated by the graph in Exhibit 13-12.(16,33,36) The base 258 
condition of the AMFs (i.e., the condition in which the AMF = 1.00) is a 6 ft shoulder 259 
width. 260 

Exhibit 13-11: AMF for Shoulder Width on Rural Two-Lane Roadway Segments  261 

Average Annual 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 

NOTE:   The collision types related to shoulder width to which this AMF applies include single-vehicle run-off the- 262 
road and multiple-vehicle head-on, opposite-direction sideswipe, and same-direction sideswipe accidents.  263 

 Standard error of the AMF is unknown.  264 
 To determine the AMF for changing paved shoulder width and/or AADT, divide the “new” condition AMF by 265 

the “existing” condition AMF. 266 
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Exhibit 13-12: Potential Crash Effects of Paved Shoulder Width on Rural Two-Lane 267 
Roads Relative to 6-ft Paved Shoulders(16)  268 

 269 
NOTE:  Standard error of AMF is unknown. 270 
 To determine the AMF for changing paved shoulder width and/or AADT, divide the “new” condition AMF by 271 

the “existing” condition AMF. 272 
 273 

For roads with an Average Annual Daily Traffic Volume (AADT) of 400 or less, 274 
shoulder width has a small crash effect. Relative to 6-ft paved shoulders, no 275 
shoulders (0-ft) increase the related accident types by a small amount.(16,33,36) Relative 276 
to 6-ft paved shoulders, shoulders 8-ft wide decrease the related collision types by a 277 
small amount.(16,33,36) 278 

For shoulder widths within the range of 0 to 8-ft, the crash effect can be 279 
interpolated between the lines shown in Exhibit 13-12. Shoulders greater than 8-ft 280 
wide can be assigned an AMF equal to 8-ft wide shoulders. (16)  281 

If the shoulder widths for the two travel directions on a roadway segment differ, 282 
the AMF is determined separately for each travel direction and then averaged.(16)  283 

Exhibit 13-23 and Equation 13-3 in Section 13.4.3 (Conversion Factor for Total-284 
Crashes) may be used to express the crash effect of paved shoulder width on rural 285 
two-lane roads as an effect on total accidents, rather than just the accident types 286 
identified in Exhibit 13-12.(16)  287 

Rural multilane highways 288 

Research by Harkey et al. (15) concluded that the shoulder width AMF presented 289 
in Exhibit 13-11 and Exhibit 13-12 may be applied to undivided segments of rural 290 
multilane highways, as well as to rural two-lane highways.  291 

The AMF for changing shoulder width on multilane divided highways in Exhibit 292 
13-13 applies to the shoulder on the right side of a divided roadway. The base 293 

This factor applies to single-vehicle run-off-road and 
multiple-vehicle head-on, opposite-direction 
sideswipe, and same-direction sideswipe accidents. 
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condition of the AMFs (i.e., the condition in which the AMF = 1.00) is an 8 ft shoulder 294 
width. 295 

Exhibit 13-13: Potential Crash Effects of Paved Right Shoulder Width on Divided 296 
Segments(15) 297 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

8 to 6-ft 
conversion 1.04 N/A 

8 to 4-ft 
conversion 1.09 N/A 

8 to 2-ft 
conversion 1.13 N/A 

8 to 0-ft 
conversion 

Rural  
(Multi-lane 
Highways) 

Unspecified All types 
(Unspecified) 

1.18 N/A 

Base Condition: 8-ft shoulder width. 

NOTE: N/A = Standard error of AMF is unknown 298 

Rural frontage roads 299 

Rural frontage roads typically consist of an environment that is slightly more 300 
complex than a traditional rural two-lane highway. Equation 13-2 presents an AMF 301 
for shoulder width on rural frontage roads,(22) Exhibit 13-14 is based on Equation 13-302 
2. The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is a 303 
shoulder width (SW) of 1.5-ft. 304 

1.5)--0.070(SW
SW    AMF e=    (13-2) 305 

 where: 306 

SW = average paved shoulder width ([left shoulder width + right shoulder 307 
width]/2) (ft) 308 

Exhibit 13-14: Potential Crash Effects of Paved Shoulder Width on Rural Frontage Roads 309 
(22) 310 

 311 
NOTE: The standard error of the AMF is unknown. 312 
 To determine the AMF for changing lane width and/or AADT, divide the “new” condition AMF by the 313 

“existing” condition AMF. 314 
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 The average paved shoulder width represents the sum of the left shoulder 315 
width and the right shoulder width on the frontage road divided by two. Both one-316 
way and two-way frontage roads were considered in the development of this AMF. 317 
Development of this AMF was limited to shoulder widths ranging from 0 to 9 ft and 318 
AADT values from 100 to 6,200. 319 

13.4.2.5. Modify Shoulder Type 320 

Rural two-lane roads 321 

The crash effect of modifying the shoulder type on rural two-lane roads is shown 322 
in Exhibit 13-15.(16,33,36) The crash effect varies by shoulder width and type, assuming 323 
that a paved shoulder is the base condition (i.e., the condition in which the AMF = 324 
1.00) and that some type of shoulder is currently in place.  Note that this AMF cannot 325 
be applied for a single shoulder type (horizontally across the table), the AMF in 326 
Exhibit 13-15 is exclusively for application to a situation that consists of modification 327 
from one shouler type to another shoulder type (vertically in the table for one given 328 
shoulder width).  329 

Exhibit 13-15: Potential Crash Effects of Shoulder Type on Rural Two-Lane Roads for 330 
Related Accident Types (16,33,36) 331 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF 

Shoulder width (ft) Shoulder 
type 

1 2 3 4 6 8 10 

Paved 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Gravel 1.00 1.01 1.01 1.01 1.02 1.02 1.03 

Composite 1.01 1.02 1.02 1.03 1.04 1.06 1.07 

Modify 
Shoulder 
Type 

Rural  
(Two-lane 
Roads) 

Unspecified 

Single-vehicle 
run-off-road 
accidents and 
multiple-vehicle 
head-on, 
opposite-direction 
sideswipe, and 
same-direction 
sideswipe 
collisions  
(Unspecified) 

Turf 1.01 1.03 1.04 1.05 1.08 1.11 1.14 

Base Condition: Paved shoulder 

NOTE: Composite shoulders are 50 percent paved and 50 percent turf. 332 
 Standard error of the crash effect is unknown.  333 
 The related accident types to which this AMF applies include single-vehicle run-off-road accidents and 334 

multiple-vehicle head-on, opposite-direction sideswipe, and same-direction sideswipe collisions. 335 
 To determine the AMF for changing the shoulder type, divide the “new” condition AMF by the “existing” 336 

condition AMF.  337 
 This AMF cannot be applied for a single shoulder type to identify a change in shoulder width (horizontally in 338 

the table). This AMF is to be applied exclusively to a situation that consists of modification from one 339 
shoulder type to another shoulder type (vertically in the table for one given shoulder width). 340 

If the shoulder types for two travel directions on a roadway segment differ, the 341 
AMF is determined separately for the shoulder type in each direction of travel and 342 
then averaged.(16) 343 

Exhibit 13-23 and Equation 13-3 in Section 13.4.3 (Conversion Factor for Total-344 
Crashes) may be used to determine the crash effect of shoulder type on total 345 
accidents, rather than just the accident types identified in Exhibit 13-15. 346 

 347 

 348 
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13.4.2.6. Provide a Raised Median 349 

Urban two-lane roads 350 

The crash effects of a raised median on urban two-lane roads are shown in 351 
Exhibit 13-16.(8) This effect may be related to the restriction of turning maneuvers at 352 
minor intersections and access points.(8) The type of raised median was unspecified. 353 

The base condition of the AMF (i.e., the condition in which the AMF = 1.00) is the 354 
absence of a raised median. 355 

Exhibit 13-16: Potential Crash Effects of Providing a Median on Urban Two-Lane Roads (8) 356 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

Provide a 
raised median 

Urban 
(Two-lane) 

Unspecified 
All types 
(Injury) 

0.61 0.1 

Base Condition: Absence of raised median. 

NOTE: Based on International studies: Leong 1970; Thorson and Mouritsen 1971; Muskaug 1985; Blakstad and 357 
Giaever 1989 358 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less.  359 

Rural multi-lane highways and urban arterials 360 

The crash effects of providing a median on urban arterial multi-lane roads are 361 
shown in Exhibit 13-17.(8) Providing a median on rural multi-lane roads reduces both 362 
injury and non-injury crashes, as shown in Exhibit 13-17.(8) The base condition of the 363 
AMF (i.e., the condition in which the AMF = 1.00) is the absence of a raised median. 364 

Exhibit 13-17: Potential Crash Effects of Providing a Median on Multi-Lane Roads (8) 365 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(Injury) 

0.78? 0.02 Urban 
(Arterial 
Multi-lane(a)) All types 

(Non-injury) 
1.09? 0.02 

All types 
(Injury) 

0.88 0.03 

Provide a 
median 

Rural 
(Multi-lane(a)) 

Unspecified  

All types Non-
(Injury) 0.82 0.03 

Base Condition: Absence of raised median. 

NOTE: Based on US studies: Kihlberg and Tharp 1968; Garner and Deen 1973; Harwood 1986; Squires and 366 
Parsonson 1989; Bowman and Vecellio 1994; Bretherton 1994; Bonneson and McCoy 1997 and 367 
International studies: Leon 1970; Thorson and Mouritsen 1971; Andersen 1977; Muskaug 1985; Scriven 368 
1986; Blakstad and Giaever 1989; Dijkstra 1990; Kohler and Schwamb 1993; Claessen and Jones 1994 369 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 370 
 (a) Includes minor intersections 371 
 ? Treatment results in a decrease in injury crashes and an increase in non-injury crashes. See Part D 372 

Introduction and Applications Guide. 373 
  374 
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13.4.2.7. Change the Width of an Existing Median 375 

The main objective of widening medians is to reduce the frequency of severe 376 
cross-median collisions.   377 

Rural multilane highways and urban arterials 378 

Exhibit 13-18 through Exhibit 13-22 present AMFs for changing the median 379 
width on divided roads with traversable medians.  These AMFs are based on the 380 
work by Harkey et al.(15). Separate AMFs are provided for roads with full access 381 
control and with partial or no access control. For urban arterials, the AMFs are also 382 
dependent upon whether the arterial has four lanes or more.  The base condition of 383 
the AMFs (i.e., the condition in which the AMF = 1.00) is the presence of traversable 384 
median width of 10-ft. The type of traversable median (grass, depressed) was not 385 
identified. 386 

Exhibit 13-18: Potential Crash Effects of Median Width on Rural Four-Lane Roads with 387 
Full Access Control(15) 388 

Median width (ft) Setting 
(Road type) 

Traffic 
Volume 
AADT 

Accident type 
(Severity) 

AMF Std. 
Error 

10 to 20-ft conversion 0.86 0.02 

10 to 30-ft conversion  0.74 0.04 

10 to 40-ft conversion  0.63 0.05 

10 to 50-ft conversion  0.54 0.06 

10 to 60-ft conversion  0.46 0.07 

10 to 70-ft conversion  0.40 0.07 

10 to 80-ft conversion  0.34 0.07 

10 to 90-ft conversion  0.29 0.07 

10 to 100-ft conversion  

Rural 
(4 lanes with 
full access 
control) 
 

2,400 to 
119,000  

Cross Median 
Crashes 
(Unspecified) 

0.25 0.06 

Base condition: Traversable median width of 10-ft 

NOTE:   Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less. 389 

Exhibit 13-19: Potential Crash Effects of Median Width on Rural Four-Lane Roads with 390 
Partial or No Access Control(15) 391 

Median width (ft) Setting    
(Road type) 

Traffic 
Volume 
AADT 

Accident 
type 

(Severity) 

AMF Std. 
Error 

10 to 20-ft conversion 0.84 0.03 

10 to 30-ft conversion  0.71 0.06 

10 to 40-ft conversion  0.60 0.07 

10 to 50-ft conversion  0.51 0.08 

10 to 60-ft conversion  0.43 0.09 

10 to 70-ft conversion  0.36 0.09 

10 to 80-ft conversion  0.31 0.09 

10 to 90-ft conversion  0.26 0.08 

10 to 100-ft conversion  

Rural   
(4 lanes with 
partial or no 
access control) 
 

1,001 to 
90,000  

Cross 
Median 
Crashes 
(Unspecified) 

0.22 0.08 

Base condition: Traversable median width of 10-ft  

NOTE:   Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less. 392 
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Exhibit 13-20: Potential Crash Effects of Median Width on Urban Four-Lane Roads with 393 
Full Access Control(15) 394 

Median width (ft) Setting 
(Road type) 

Traffic 
Volume 
AADT 

Accident type 
(Severity) 

AMF Std. Error 

10 to 20-ft conversion 0.89 0.04 

10 to 30-ft conversion  0.80 0.07 

10 to 40-ft conversion  0.71 0.09 

10 to 50-ft conversion  0.64 0.1 

10 to 60-ft conversion  0.57 0.1 

10 to 70-ft conversion  0.51 0.1 

10 to 80-ft conversion  0.46 0.1 

10 to 90-ft conversion  0.41 0.1 

10 to 100-ft conversion  

Urban 
(4 lanes 
with full 
access 
control ) 
 

4,410 to 
131,000  

Cross Median 
Crashes 
(Unspecified) 

0.36 0.1 

Base condition: Traversable median width of 10-ft  

NOTE:   Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less. 395 

Exhibit 13-21: Potential Crash Effects of Median Width on Urban Roads with at least Five 396 
Lanes with Full Access Control(15) 397 

Median width (ft) Setting   
(Road type) 

Traffic 
Volume 
AADT 

Accident type 
(Severity) 

AMF Std. Error 

10 to 20-ft conversion 0.89 0.04 

10 to 30-ft conversion  0.79 0.07 

10 to 40-ft conversion  0.71 0.1 

10 to 50-ft conversion  0.63 0.1 

10 to 60-ft conversion  0.56 0.1 

10 to 70-ft conversion  0.50 0.1 

10 to 80-ft conversion  0.45 0.1 

10 to 90-ft conversion  0.40 0.2 

10 to 100-ft conversion  

Urban 
(5 or more 
lanes with 
full access 
control) 
 

2,555 to 
282,000  

Cross Median 
Crashes 
(Unspecified) 

0.35 0.2 

Base condition: Traversable median width of 10-ft 

NOTE:   Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less. 398 
 Italic text is used for less reliable AMFs. These AMFs have standard errors between 0.2 to 0.3. 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 
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Exhibit 13-22: Potential Crash Effects of Median Width on Urban Four-Lane Roads with 407 
Partial or No Access Control(15) 408 

Median width (ft) Setting     
(Road type) 

Traffic 
Volume 
AADT 

Accident 
type 

(Severity) 

AMF Std. Error 

10 to 20-ft conversion 0.87 0.04 

10 to 30-ft conversion  0.76 0.06 

10 to 40-ft conversion  0.67 0.08 

10 to 50-ft conversion  0.59 0.1 

10 to 60-ft conversion  0.51 0.1 

10 to 70-ft conversion  0.45 0.1 

10 to 80-ft conversion  0.39 0.1 

10 to 90-ft conversion  0.34 0.1 

10 to 100-ft conversion  

Urban 
(4 lanes with 
partial or No 
access control)  
 

1,880 to 
150,000  

Cross 
Median 
Crashes 
(Unspecified) 

0.30 0.1 

Base condition: Traversable median width of 10-ft 

NOTE:   Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less. 409 
 410 

13.4.3. Conversion Factor for Total-Crashes 411 

This section presents an equation for the conversion of AMFs for crashes related 412 
to specific accident types into AMFs for total crashes. 413 

Exhibit 13-23 and Equation 13-3 may be used to express the lane width AMF 414 
(Section 13.4.2.1), add or widen paved shoulder AMF (Section 13.4.2.4), and modify 415 
shoulder type AMF (Section 13.4.2.5) in terms of the crash effect on total accidents, 416 
rather than just the related accident types identified in the respective sections. (10,16,33)   417 

Exhibit 13-23: Potential Crash Effects of Lane Width on Rural Two-Lane Roads on 418 
Total Accidents(16) 419 
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 1.0  p 1.0) - (AMF   AMF rara +×=  (13-3) 421 

 Where, 422 

 AMF =  accident modification factor for total accidents 423 

 AMFra =  accident modification factor for related accidents, i.e., single-424 
vehicle run-off-road accidents and multiple-vehicle head-on, 425 
opposite-direction sideswipe, and same-direction sideswipe 426 
collisions 427 

 Pra =  related accidents expressed as a proportion of total accidents 428 

 429 

13.5. CRASH EFFECTS OF ROADSIDE ELEMENTS 430 

13.5.1. Background and Availability of AMFs 431 

The roadside is defined as the “area between the outside shoulder edge and the right-432 
of-way limits. The area between roadways of a divided highway may also be considered 433 
roadside”.(23) The AASHTO Roadside Design Guide is an invaluable resource for 434 
roadside design, including clear zones, geometry, features and barriers.(23) 435 

The knowledge presented here may be applied to roadside elements as well as to 436 
the median of divided highways. Exhibit 13-24 summarizes common treatments 437 
related to roadside elements and the corresponding AMF availability. 438 

Exhibit 13-24: Summary of Treatments Related to Roadside Elements 439 

HSM 
Section 

Treatment Rural Two-
Lane Road 

Rural Multi-
Lane  

Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

13.5.2 Flatten sideslopes   - - - - 

13.5.2.2 Increase distance to roadside 
features  -  - - - 

13.5.2.3 Change roadside barrier along 
embankment to less rigid type       

13.5.2.4 Install median barrier N/A  T - - - 

13.5.2.5 Install crash cushions at fixed 
roadside features       

13.5.2.6 Reduce roadside hazard rating  - - - - - 

Appendix Increase clear roadside 
recovery distance T - - - - - 

Appendix Install curbs - - - - T T 

Appendix Increase the distance to utility 
poles and decrease utility pole 
density 

T T T T T T 

Appendix Install roadside barrier along 
embankments T T T T T T 

NOTE: 
 = Indicates that an AMF is available for this treatment. 

T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known and presented in 
Appendix A. 

- = Indicates that an AMF is not available and a trend is not known. 
N/A = Indicates that the treatment is not applicable to the corresponding setting. 

This section presents 

roadside element 

treatments with AMFs. 



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

Page 13-20  Part D / Accident Modification Factors 
  Chapter 13—Roadway Segments 

13.5.2. Roadside Element Treatments with AMFs 440 

13.5.2.1. Flatten Sideslopes 441 

Rural two-lane roads 442 

The effect on total accidents of flattening the roadside slope of a rural two-lane 443 
road is shown in Exhibit 13-25.(15)  The effect on single-vehicle accidents of flattening 444 
side slopes is shown in Exhibit 13-26. (15) The base conditions of the AMFs (i.e., the 445 
condition in which the AMF = 1.00) is the sideslope in the before condition.  446 

Exhibit 13-25: Potential Crash Effects on Total Accidents of Flattening Sideslopes(15) 447 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF 

Sideslope in After Condition Sideslope in 
Before 

Condition 1V:4H 1V:5H 1V:6H 1V:7H 

1V:2H 0.94 0.91 0.88 0.85 

1V:3H 0.95 0.92 0.89 0.85 

1V:4H  0.97 0.93 0.89 

1V:5H   0.97 0.92 

Flatten 
Sideslopes 

Rural 
(Two-lane 
Road) 

Unspecified 
All types 
(Unspecified) 

1V:6H    0.95 

Base Condition: Existing sideslope in before condition. 

NOTE: Standard error of the AMF is unknown. 448 

Exhibit 13-26: Potential Crash Effects on Single Vehicle Accidents of Flattening 449 
Sideslopes (15) 450 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF 

Sideslope in After Condition Sideslope in 
Before 

Condition 1V:4H 1V:5H 1V:6H 1V:7H 

1V:2H 0.90 0.85 0.79 0.73 

1V:3H 0.92 0.86 0.81 0.74 

1V:4H  0.94 0.88 0.81 

1V:5H   0.94 0.86 

Flatten 
Sideslopes 

Rural 
(Two-lane 
Road) 

Unspecified 
Single Vehicle 
(Unspecified) 

1V:6H    0.92 

Base Condition: Existing sideslope in before condition. 

NOTE: Standard error of the AMF is unknown. 451 
 452 

The gray box below presents an example of how to apply the preceding AMFs to 453 
assess the crash effects of modifying the sideslope on a rural two-lane highway. 454 

 455 
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 456 

Effectiveness of Modifying Sideslope 

Question: 
A high crash frequency segment of a rural two-lane highway is being analyzed for a series 
of improvements. Among the improvements, the reduction of the 1V:3H sideslope to a 
1V:7H sideslope is being considered. What will be the likely reduction in expected average 
crash frequency for single vehicle crashes and total crashes?  

Given Information: 
• Existing roadway = rural two-lane 

• Existing sideslope = 1V:3H 

• Proposed sideslope = 1V:7H 

• Expected average crash frequency without treatment for the segment (See Part C 
Predictive Method): 

a) 30 total crashes/year 

b) 8 single vehicle crashes/year  

Find: 
• Expected average total crash frequency with the reduction in sideslope 

• Expected average single vehicle crash frequency with the reduction in sideslope 

• Expected average total crash frequency reduction 

• Expected average single vehicle crash frequency reduction 

Answer: 
1)   Identify the AMFs corresponding to the change in sideslope from 1V:3H to 1V:7H 

a) For total crashes 

AMFTotal = 0.85 (Exhibit 13-25)  

b) For single vehicle crashes 

AMFSingle Vehicle = 0.74 (Exhibit 13-26) 

2) Apply the treatment AMF (AMFTreatment) to the expected number of crashes on the rural 
two-lane highway without the treatment. 

a) For total crashes 

= 0.85 x 30 crashes/year = 25.5 crashes/year 

b) For single vehicle crashes 

= 0.74 x 8 crashes/year = 5.9 crashes/year 

3) Calculate the difference between the expected number of crashes without the 
treatment and the expected number with the treatment. 

Change in Expected Average Crash Frequency   

a) For total crashes 

30.0 – 25.5 = 4.5 crashes/year reduction 

b) For single vehicle crashes 

8.0 – 5.9 = 2.1 crashes/year reduction 

4)  Discussion: The change in sideslope from 1V:3H to 1V:7H may potentially 
cause a reduction of 4.5 total crashes/year and 2.1 single vehicle 
crashes/year. A standard error is not available for these AMFs. 
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Rural multi-lane highways 457 

Exhibit 13-27 presents AMFs for the effect of sideslopes on multi-lane undivided 458 
roadway segments.  These AMFs were developed by Harkey et al. (10) from the work 459 
of Zegeer et al.(6) The base condition for this AMF (i.e., the condition in which the 460 
AMF = 1.00) is a sideslope of 1V:7H or flatter.   461 

Exhibit 13-27: Potential Crash Effects of Sideslopes on Undivided Segments(15,34) 462 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

1V:7H or Flatter 1.00 

1V:6H 1.05 

1V:5H 1.09 

1V:4H 1.12 

1V:2H or 
Steeper 

Rural 
(Multi-lane 
Highway) 

Unspecified 
All types 
(Unspecified) 

1.18 

N/A 

Base Condition: Provision of a 1V:7H sideslope. 

 463 

13.5.2.2. Increase the Distance to Roadside Features 464 

Rural two-lane roads and Freeways 465 

The crash effects of increasing the distance to roadside features from 3.3-ft to 466 
16.7-ft, or from 16.7-ft to 30.0-ft are shown in Exhibit 13-28.(8)  AMF values for other 467 
increments may be interpolated from the values presented in Exhibit 13-28. 468 

The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is a 469 
distance of either 3.3-ft or 16.7-ft to roadside features depending on original 470 
geometry.   471 

Exhibit 13-28: Potential Crash Effects of Increased Distance to Roadside Features (8) 472 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type  
(Severity) 

AMF Std. Error 

Increase distance to 
roadside features 
from  3.3-ft to 16.7-ft  

0.78 0.02 

Increase distance to 
roadside features 
from 16.7-ft to 30.0-ft 

Rural 
(Two-lane 
roads and 
Freeways) 

Unspecified 
All types 
(All severities) 

0.56 0.01 

Base Condition: Distance to roadside features of 3.3-ft or 16.7-ft depending on original geometry. 

NOTE:  Based on US studies: Cirillo (1967), Zegeer et al. (1988) 473 
 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 474 
 Distance measured from the edgeline or edge of travel lane  475 
  476 
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13.5.2.3. Change Roadside Barrier along Embankment to Less Rigid Type 477 

The type of roadside barrier applied can vary from very rigid to less rigid. In 478 
order of rigidity, the following generic types of barriers are available: (8) 479 

 Concrete (most rigid) 480 

 Steel 481 

 Wire or cable (least rigid) 482 

Rural two-lane roads, rural multi-lane highways, freeways, expressways, urban 483 
and suburban arterials  484 

Changing the type of roadside barrier along an embankment to a less rigid type 485 
reduces the number of injury run-off-road accidents, as shown in Exhibit 13-29.(8) The 486 
AMF for fatal run-off-road accidents is shown in Exhibit 13-29.(8) A less rigid barrier 487 
type may not be suitable in certain circumstances. 488 

The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is 489 
the use of rigid barrier. 490 

Exhibit 13-29: Potential Crash Effects of Changing Barrier to Less Rigid Type(8) 491 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

Run-off-road 
(Injury) 

0.68 0.1 Change barrier 
along 
embankment to 
less rigid type 

Unspecified 
(Unspecified) 

Unspecified 
Run-off-road 
(Fatal) 

0.59 0.3 

Base Condition: Provision of a rigid roadside barrier. 

NOTE: Based on US studies: Glennon and Tamburri 1967; Tamburri, Hammer, Glennon, Lew 1968; Williston 1969; 492 
Woods, Bohuslav and Keese 1976; Ricker, Banks, Brenner, Brown and Hall 1977; Perchonok, Ranney, 493 
Baum, Morris and Eppick 1978; Hall 1982; Bryden and Fortuniewicz 1986; Schultz 1986; Ray, Troxel and 494 
Carney 1991; Hunter, Stewart and Council 1993; Gattis, Alguire and Narla 1996; Short and Robertson 495 
1998; and International studies: Good and Joubert 1971; Pettersson 1977; Schandersson 1979; Boyle and 496 
Wright 1984; Domhan 1986; Corben, Deery, Newstead, Mullan and Dyte 1997; Ljungblad 2000 497 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 498 
 Italic text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3. 499 
 Distance to roadside barrierl is unspecified. 500 

13.5.2.4. Install Median Barrier 501 

A median barrier is “a longitudinal barrier used to prevent an errant vehicle from 502 
crossing the highway median.”(8)  The AASHTO Roadside Design Guide provides 503 
performance requirements, placement guidelines, and structural and safety 504 
characteristics of different median barrier systems.(1) 505 

Rural multi-lane highways 506 

Installing any type of median barrier on rural multi-lane highways reduces fatal 507 
and injury accidents of all types, as shown in Exhibit 13-30.(8)  508 

The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is 509 
the absence of a median barrier.   510 
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Exhibit 13-30: Potential Crash Effects of Installing a Median Barrier (8) 511 

Treatment Setting 
(Road type) 

Traffic  
Volume 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(Fatal) 

0.57? 0.1 

All types 
(Injury) 

0.70? 0.06 
Install any type 
of median 
barrier 

All types 
(All severities) 

1.24? 0.03 

Install steel 
median barrier  0.65 0.08 

Install cable 
median barrier  

Unspecified 
(Multi-lane 
divided 
highways) 

AADT of 
20,000 to 
60,000  

All types 
(Injury) 

0.71 0.1 

Base Condition: Absence of a median barrier. 

NOTE:  Based on US studies: Billion 1956; Moskowitz and Schaefer 1960; Beaton, Field and Moskowitz 1962; Billion 512 
and Parsons 1962; Billion, Taragin and Cross 1962; Sacks 1965; Johnson 1966; Williston 1969; Galati 513 
1970; Tye 1975; Ricker, Banks, Brenner, Brown and Hall 1977; Hunter, Steward and Council 1993; Sposito 514 
and Johnston 1999; Hancock and Ray 2000; Hunter et al 2001; and International studies: Moore and Jehu 515 
1968; Good and Joubert 1971; Andersen 1977; Johnson 1980; Statens vagverk 1980; Martin et al 1998; 516 
Nilsson and Ljungblad 2000 517 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 518 
 ? Treatment results in a decrease in fatal and injury crashes and an increase in crashes of all severities. 519 

See Part D Introduction and Applications Guide. 520 
 Width of the median where the barrier was installed and the use of barrier warrants are unspecified. 521 

13.5.2.5. Install Crash Cushions at Fixed Roadside Features 522 

Rural two-lane roads, rural multi-lane highways, freeways, expressways, urban 523 
and suburban arterials  524 

The crash effects of installing crash cushions at fixed roadside features are shown 525 
in Exhibit 13-31.(8) The crash effects for fatal and non-injury crashes with fixed objects 526 
are also shown in Exhibit 13-31.(12) The base condition of the AMFs (i.e., the condition 527 
in which the AMF = 1.00) is the absence of crash cushions. 528 

Exhibit 13-31: Potential Crash Effects of Installing Crash Cushions at Fixed Roadside 529 
Features (8) 530 

Treatment Setting 
(Road type) 

Traffic  
Volume 

Accident type 
(Severity) 

AMF Std. Error 

Fixed object 
(Fatal) 

0.31 0.3 

Fixed object 
(Injury) 

0.31 0.1 

Install crash 
cushions at 
fixed roadside 
features 

Unspecified 
(Unspecified) 

Unspecified 

Fixed object 
(Non-injury) 0.54 0.3 

Base Condition: Absence of crash cushions. 

NOTE: Based on US studies: Viner and Tamanini 1973; Griffin 1984; Kurucz 1984; and International studies: 531 
Schoon 1990; Proctor 1994 532 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 533 
 Italic  text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3. 534 
  The placement and type of crash cushions and fixed objects are unspecified. 535 
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13.5.2.6. Reduce Roadside Hazard Rating   536 

For reference, the quantitative descriptions of the seven roadside hazard rating 537 
(RHR) levels are summarized in Exhibit 13-32.  Photographs that illustrate the 538 
roadside design for each RHR level are presented in Appendix A. 539 

Exhibit 13-32: Quantitative Descriptors for the Seven Roadside Hazard Ratings (16) 540 

Rating Clear zone width Sideslope Roadside 

1 Greater than or equal 
to 30 ft  

Flatter than 1V:4H; 
recoverable 

2 Between 20 and 25 ft  About 1V:4H; recoverable 

N/A 

3 About 10 ft  About 1V:3H or 1V:4H; 
marginally recoverable Rough roadside surface 

4 

About 1V:3H or 1V:4H; 
marginally forgiving, 
increased chance of 
reportable roadside crash 

May have guardrail (offset 5 to 
6.5 ft) 
May have exposed trees, poles, 
other objects (offset 10 ft) 

5 

Between 5 and 10 ft  

About 1V:3H; virtually non-
recoverable 

May have guardrail (offset 0 to 
5 ft) 
May have rigid obstacles or 
embankment (offset 6.5 to 10 
ft) 

6 About 1V:2H; non-
recoverable 

No guardrail 
Exposed rigid obstacles (offset 0 
to 6.5 ft) 

7 

Less than or equal to 
5 ft  1V:2H or steeper; non-

recoverable with high 
likelihood of severe injuries 
from roadside crash 

No guardrail 
Cliff or vertical rock cut 

NOTE:   Clear zone width, guardrail offset, and object offset are measured from the 541 
pavement edgeline 542 
N/A = no description of roadside is provided. 543 

Rural two-lane roads 544 

The AMFs for roadside design are presented in Equation 13-4 and Exhibit 13-33, 545 
using RHR equal to 3 as the base condition (i.e., the condition in which the AMF = 546 
1.00).  547 

   
4865.0

0668.06869.0

−

×+−

=
e

e RHR

   AMF    (13-4) 548 

 Where,  549 

 RHR =  Roadside hazard rating for the roadway segment. 550 

 551 
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Exhibit 13-33: Potential Crash Effects of Roadside Hazard Rating for Total Accidents 552 
on Rural Two-Lane Highways(16) 553 
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 554 
NOTE: Standard error of AMF is unknown. 555 
 To determine the AMF for changing RHR, divide the “new” condition AMF by the “existing” condition AMF. 556 
 RHR = Roadside Hazard Rating 557 
 558 

13.6.  CRASH EFFECTS OF ALIGNMENT ELEMENTS 559 

13.6.1. Background and Availability of AMFs 560 

Exhibit 13-34 summarizes common treatments related to alignment elements and 561 
the corresponding AMF availability. 562 

Exhibit 13-34: Summary of Treatments Related to Alignment Elements 563 

HSM 
Section 

Treatment Rural 
Two-Lane 

Road 

Urban 
Two-Lane  

Road 

Rural 
Multi-Lane  
Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

13.6.2.1 

Modify horizontal 
curve radius and 
length, and provide 
spiral transitions 

 - - - - - - 

13.6.2.2 
Improve 
superelevation of 
horizontal curve 

 - - - - - - 

13.6.2.3 Change vertical 
grade  - - - - - - 

Appendix A Modify Tangent 
Length Prior to Curve T T T T T T T 

Appendix A Modify Horizontal 
Curve Radius - - - - - T T 

NOTE: 
 = Indicates that an AMF is available for this treatment. 

T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known and presented in Appendix A. 
- = Indicates that an AMF is not available and a trend is not known.  

Section 13.6 summarizes 

treatments with AMFs 

related to alignment 

elements. 
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13.6.2. Alignment Treatments with AMFs 564 

13.6.2.1. Modify Horizontal Curve Radius and Length, and Provide Spiral 565 
Transitions 566 

Rural two-lane roads 567 

The probability of an accident generally decreases with longer curve radii, longer 568 
horizontal curve length, and the presence of spiral transitions.(16) The crash effect for 569 
horizontal curvature, radius, and length of a horizontal curve and presence of spiral 570 
transition curve is presented as an Accident Modification Function, as shown in 571 
Equation 13-5, the standard error of this AMF is unknown. This equation applies to 572 
all types of roadway segment accidents.(16,35)  Exhibit 13-35 illustrates a graphical 573 
representation of Equation 13-5. The base condition of the AMFs (i.e., the condition in 574 
which the AMF = 1.00) is the absence of curvature. 575 

 
( ) ( )

( )c

c

3r L1.55

S0.012
R

80.2L1.55
AMF

×

×−⎟
⎠
⎞

⎜
⎝
⎛+×

=   (13-5) 576 

 Where, 577 

 Lc=  Length of horizontal curve including length of spiral 578 
transitions, if present (mi) 579 

 R=  Radius of curvature (ft) 580 

 S=  1 if spiral transition curve is present; 0 if spiral transition 581 
curve is not present 582 

 583 
 584 

Exhibit 13-35: Potential Crash Effect of the Radius, Length, and Presence of Spiral 585 
Transition Curves in a Horizontal Curve 586 
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13.6.2.2. Improve Superelevation of Horizontal Curves 588 

Rural two-lane roads 589 

Crash effects of superelevation variance on a horizontal curve are shown in 590 
Exhibit 13-36.(16,35) The base condition of the AMFs summarized in Exhibit 13-36 (i.e., 591 
the condition in which the AMF = 1.00) is an SV value that is less than 0.01.  592 

Exhibit 13-36: Potential Crash Effects of Improving Superelevation Variance (SV) of 593 
Horizontal Curves on Rural Two-Lane Roads(16,35) 594 

Treatment Setting 
(Road type) 

Traffic Volume Accident type  
(Severity) 

AMF 

Improve  
SV < 0.01 1.00 

Improve 
0.01 ≤ SV < 0.02 = 1.00 + 6 (SV - 0.01) 

Improve 
SV > 0.02 

Rural  
(Two-lane) 

Unspecified 
All types 
(All severities) 

= 1.06 + 3 (SV - 0.02) 

Base Condition: Superelevation variance < 0.01. 

NOTE:  Standard error of AMF is unknown.  595 
 Based on a horizontal curve radius of 842.5 ft. 596 
 SV = Superelevation variance. Difference between recommended design value for superelevation and 597 

existing superelevation on a horizontal curve, where existing superelevation is less than recommended. 598 
 To determine the AMF for changing superelevation, divide the “new” condition AMF by the “existing” 599 

condition AMF. 600 

13.6.2.3. Change Vertical Grade 601 

Rural two-lane roads 602 

Crash effects of increasing the vertical grade of a rural two-lane road, with a 603 
posted speed of 55 mph and a surfaced or stabilized shoulder, are shown in Exhibit 604 
13-37.(35) The crash effect of increasing the vertical grade for accidents of all types and 605 
severities relative to a flat roadway (i.e., 0% grade) is also shown in Exhibit 13-37.(16)  606 

These AMFs may be applied to each individual grade section on the roadway, 607 
without respect to the sign of the grade (i.e., upgrade or downgrade). These AMFs 608 
may be applied to the entire grade from one point of vertical intersection (PVI) to the 609 
next.(16) 610 

The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is a 611 
level (0% grade) roadway.   612 

 613 

 614 

 615 

 616 

 617 

 618 
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Exhibit 13-37: Potential Crash Effects of Changing Vertical Grade on Rural Two-Lane 619 
Roads(16,24) 620 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type  
(Severity) 

AMF Std. Error 

SV ROR 
(All severities(24)) 

1.04^ 0.02 Increase 
vertical grade 
by 1% 

Rural  
(Two-lane) 

Unspecified 
All types 
(All severities(16)) 

1.02 N/A 

Base Condition: Level roadway (0% grade) 

NOTE:  Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 621 
 SVROR = single-vehicle run-off-road accidents 622 
 AMFs are based on roads with 55 mph posted speed limit, 12 ft lanes, and no horizontal curves. 623 
 ^ Observed variability suggests that this treatment could result in no crash effect. See Part D Applications 624 

Guidance. 625 
  N/A = Standard error of AMF is unknown.  626 

 627 

13.7. CRASH EFFECTS OF ROADWAY SIGNS  628 

13.7.1. Background and Availability of AMFs 629 

Traffic signs are typically classified into three categories: regulatory signs, 630 
warning signs, and guide signs. As defined in the Manual on Uniform Traffic Control 631 
Devices (MUTCD),(19) regulatory signs provide notice of traffic laws or regulations, 632 
warning signs give notice of a situation that might not be readily apparent, and guide 633 
signs show route designations, destinations, directions, distances, services, points of 634 
interest, and other geographical, recreational or cultural information. 635 

The MUTCD provides standards and guidance for signing within the right-of-636 
way of all types of highways open to public travel. Many agencies supplement the 637 
MUTCD with their own guidelines and standards.  638 

Exhibit 13-38 summarizes common treatments related to signs and the 639 
corresponding AMF availability. 640 

 641 

 642 

 643 

 644 

 645 

 646 

 647 

 648 

 649 

 650 

 651 
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Exhibit 13-38: Summary of Treatments Related to Roadway Signs 652 

HSM Section Treatment Rural 
Two-
Lane 
Road 

Rural 
Multi-
Lane  

Highway 

Freeway Expressway Urban 
Local Street 
or Arterial 

Suburban 
Arterial 

13.7.2.1 

Install combination 
horizontal 
alignment/advisory 
speed signs (W1-1a, 
W1-2a) 

      

13.7.2.2 
Install changeable 
accident ahead 
warning signs 

- 
 

- 
 - - - 

13.7.2.3 
Install changeable 
“Queue Ahead” 
warning signs 

- 
 

- 
 - - - 

13.7.2.4 Install changeable 
speed warning signs       

Appendix A Install signs to 
conform to MUTCD - - - - T - 

NOTE: 
 = Indicates that an AMF is available for this treatment. 

T = T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known and 
presented in Appendix A. 

- = Indicates that an AMF is not available and a trend is not known. 

13.7.2. Roadway Sign Treatments with AMFs 653 

13.7.2.1. Install Combination Horizontal Alignment/Advisory Speed Signs 654 
(W1-1a, W1-2a) 655 

Combination horizontal alignment/advisory speed signs are installed prior to a 656 
change in the horizontal alignment to indicate that drivers need to reduce speed.(9) 657 

Rural two-lane roads, rural multi-lane highways, expressways, freeways, urban 658 
and suburban arterials 659 

Compared to no signage, providing combination horizontal alignment/advisory 660 
speed signs reduces the number of all types of injury accidents, as shown in Exhibit 661 
13-39.(8) The crash effect on all types of non-injury accidents is also shown in Exhibit 662 
13-39.  663 

The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is 664 
the absence of any signage.   665 

 666 

 667 

 668 

 669 

 670 

 671 
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Exhibit 13-39: Potential Crash Effects of Installing Combination Horizontal Alignment/ 672 
Advisory Speed Signs (W1-1a, W1-2a) (8) 673 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

All types 
(Injury) 

0.87 0.09 
Install 
combination 
horizontal 
alignment/ 
advisory speed 
signs 

Unspecified 
(Unspecified) 

Unspecified 
All types 
(Non-injury) 

0.71 0.2 

Base Condition: Absence of any signage. 

NOTE: Based on US studies: McCamment 1959; Hammer 1969 and international study: Rutley 1972 674 
 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less.  675 
 Italic text is used for less reliable AMFs. These AMFs have standard errors between 0.2 to 0.3. 676 

13.7.2.2. Install Changeable Accident Ahead Warning Signs 677 

Freeways 678 

Changeable accident warning signs on freeways inform drivers of an accident on 679 
the roadway ahead. The crash effect of installing changeable accident ahead warning 680 
signs on urban freeways is shown in Exhibit 13-40.(8) The base condition of the AMF 681 
(i.e., the condition in which the AMF = 1.00) is the absence of accident ahead warning 682 
signs.   683 

Exhibit 13-40: Potential Crash Effects of Installing Changeable Accident Ahead Warning 684 
Signs (8) 685 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

Install 
changeable 
accident ahead 
warning signs 

Urban 
(Freeways) 

Unspecified 
All types 
(Injury) 

0.56 0.2 

Base Condition: Absence of changeable accident ahead warning signs. 

NOTE:  Based on International study: Duff 1971 686 
 Italic text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3.  687 

13.7.2.3. Install Changeable “Queue Ahead” Warning Signs 688 

Changeable “Queue Ahead” warning signs give road users real-time information 689 
about queues on the road ahead. 690 

Freeways 691 

Crash effects of installing changeable “Queue Ahead” warning signs are shown 692 
in Exhibit 13-41.(8) The crash effect on rear-end non-injury accidents is also shown in 693 
Exhibit 13-41.(8) The base condition of the AMFs (i.e., the condition in which the AMF 694 
= 1.00) is the absence changeable “Queue Ahead” warning signs.   695 
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Exhibit 13-41: Potential Crash Effects of Installing Changeable “Queue Ahead” Warning 696 
Signs (8) 697 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

Rear-end 
(Injury) 

0.84? 0.1 Install 
changeable 
”Queue Ahead” 
warning signs 

Urban 
(Freeways) 

Unspecified 
Rear-end (Non-
Injury) 1.16? 0.2 

Base Condition: Absence of changeable “Queue Ahead” warning signs. 

NOTE:  Based on International studies: Erke and Gottlieb 1980; Cooper, Sawyer and Rutley 1992; Persaud, Mucsi 698 
and Ugge 1995 699 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less.   700 
 Italic  text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3. 701 
  ? Treatment results in a decrease in injury crashes and an increase in non-injury crashes. See Part D 702 

Introduction and Applications Guide. 703 

13.7.2.4. Install Changeable Speed Warning Signs 704 

Individual changeable speed warning signs give individual drivers real-time 705 
feedback regarding their speed. 706 

Rural two-lane roads, rural multi-lane highways, expressways, freeways, urban 707 
and suburban arterials 708 

The crash effect of installing individual changeable speed warning signs is 709 
shown in Exhibit 13-42. The base condition of the AMF (i.e., the condition in which 710 
the AMF = 1.00) is the absence of changeable speed warning signs.   711 

Exhibit 13-42: Potential Crash Effects of Installing Changeable Speed Warning Signs for 712 
Individual Drivers (8) 713 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

Install 
changeable 
speed warning 
signs for 
individual 
drivers 

Unspecified 
(Unspecified) 

Unspecified 
All types 
(All severities) 

0.54 0.2 

Base Condition: Absence of changeable speed warning signs. 

NOTE:  Based on International study: Van Houten and Nau 1981 714 
  Italic text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3.  715 

13.8. CRASH EFFECTS OF ROADWAY DELINEATION 716 

13.8.1. Background and Availability of AMFs 717 

Delineation includes all methods of defining the roadway operating area for 718 
drivers, and has long been considered an essential element for providing guidance to 719 
drivers. Methods of delineation include devices such as pavement markings (made 720 
from a variety of materials), raised pavement markers (RPMs), chevron signs, object 721 
markers, and post-mounted delineators (PMDs).(11) Delineation may be used alone to 722 
convey regulations, guidance, or warnings.(19) Delineation may also be used to 723 
supplement other traffic control devices, such as signs and signals. The MUTCD 724 
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provides guidelines for retroreflectivity, color, placement, types of materials and 725 
other delineation issues.(19)  726 

Exhibit 13-43 summarizes common treatments related to delineation and the 727 
corresponding AMF availability. 728 

Exhibit 13-43: Summary of Treatments Related to Delineation 729 

HSM Section Treatment Rural 
Two-Lane 

Road 

Rural 
Multi-Lane  
Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

13.8.2.1 Install post-mounted 
delineators (PMDs)  - - - - - 

13.8.2.2 Place standard edgeline 
markings  - - - - - 

13.8.2.3 Place wide edgeline markings  - - - - - 

13.8.2.4 Place centerline markings  - N/A N/A - - 

13.8.2.5 Place edgeline and centerline 
markings   N/A N/A - - 

13.8.2.6 Install edgelines, centerlines 
and post-mounted delineators   N/A N/A - - 

13.8.2.7 Install snowplowable 
permanent raised pavement 
markers (RPMs) 

 -  - - - 

Appendix A Install chevron signs on 
horizontal curves - - - - T T 

Appendix A Provide distance markers - - T - - - 

Appendix A Place converging chevron 
pattern markings - - - - T T 

Appendix A Place edgeline and directional 
pavement markings on 
horizontal curves 

T - - - - - 

NOTE: 
 = Indicates that an AMF is available for this treatment. 

T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known and presented in 
Appendix A. 

- = Indicates that an AMF is not available and a trend is not known. 
N/A = Indicates that the treatment is not applicable to the corresponding setting. 

 730 

13.8.2. Roadway Delineation Treatments with AMFs 731 

13.8.2.1. Install Post-Mounted Delineators (PMDs) 732 

Post-mounted delineators (PMDs) are considered guidance devices rather than 733 
warning devices.(9) PMDs are typically installed in addition to existing edgeline and 734 
centerline markings. 735 

Rural two-lane roads 736 

The crash effects of installing PMDs on rural two-lane roads, including tangent 737 
and curved road sections, is shown in Exhibit 13-44. The base condition of the AMFs 738 
(i.e., the condition in which the AMF = 1.00) is the absence of post-mounted 739 
delineators.  740 

a 

n 
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Exhibit 13-44: Potential Crash Effects of Installing Post-Mounted Delineators (8) 741 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

All types 
(Injury) 

1.04* 0.1 Install post-
mounted 
delineators 

Rural 
(Two-lane 
undivided) 

Unspecified 
All types 
(Non-injury) 

1.05* 0.07 

Base Condition: Absence of post-mounted delineators 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less.  742 
 * Observed variability suggests that this treatment could result in an increase, decrease or no change in 743 

crashes. See Part D Introduction and Applications Guidance. 744 

13.8.2.2. Place Standard Edgeline Markings (4 to 6 in)  745 

The MUTCD contains guidance on installing edgeline pavement markings.(9) 746 

Rural two-lane roads  747 

The crash effects of installing standard edgeline markings, 4 to 6 inches wide, on 748 
rural two-lane roads that currently have centerline markings is shown in Exhibit 749 
13-45. The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is 750 
the absence of standard edgeline markings.   751 

Exhibit 13-45: Potential Crash Effects of Placing Standard Edgeline Markings(8) 752 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(Injury) 

0.97* 0.04 
Place standard 
edgeline marking 

Rural 
(Two-lane) 

Unspecified 
All types  
(Non-injury) 

0.97* 0.1 

Base Condition: Absence of standard edgeline markings. 

NOTE: Based on US studies: Thomas 1958; Musick 1960; Williston 1960; Basile 1962; Tamburri, Hammer, 753 
Glennon and Lew 1968; Roth 1970; Bali, Potts, Fee, Taylor and Glennon 1978 and International studies: 754 
Charnock and Chessell 1978, McBean 1982; Rosbach 1984; Willis, Scott and Barnes 1984; Corben, Deery, 755 
Newstead, Mullan and Dyte 1997 756 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less.  757 
 Observed variability suggests that this treatment could result in an increase, decrease or no change in 758 

crashes. See Part D Introduction and Applications Guidance. 759 
 760 

13.8.2.3. Place Wide (8-in) Edgeline Markings 761 

The MUTCD indicates that wide (8 inch) solid edgeline markings can be installed 762 
for greater emphasis.(9) 763 

Rural two-lane roads 764 

The crash effects of placing 8 inches wide edgeline markings on rural two-lane 765 
roads that currently have standard edgeline markings are shown in Exhibit 13-46.(8) 766 
The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is the 767 
use of standard edgeline markings (4 to 6 inches wide).   768 
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Exhibit 13-46: Potential Crash Effects of Placing Wide Edgeline Markings(8) 769 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(Injury) 

1.05*? 0.08 Place wide 
edgeline 
markings 

Rural 
(Two-lane) 

Unspecified 
All types  
(Non-injury) 

0.99*? 0.2 

Base Condition: Standard edgeline markings (4 to 6 inches wide). 

NOTE: Based on U.S. studies: Hall 1987; Cottrell 1988; Lum and Hughes 1990 770 
 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 771 
 Italic text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3.  772 
 * Observed variability suggests that this treatment could result in an increase, decrease or no change in 773 

crashes. See Part D Introduction and Applications Guidance. 774 
  ? Treatment results in an increase in injury crashes and a decrease in non-injury crashes. See Part D 775 

Introduction and Applications Guide. 776 

13.8.2.4. Place Centerline Markings 777 

The MUTCD provides guidelines and warrants for centerline marking 778 
application.(9) 779 

Rural two-lane roads 780 

The crash effects of placing centerline markings on rural two-lane roads that 781 
currently do not have centerline markings are shown in Exhibit 13-47.(8) The base 782 
condition of the AMFs (i.e., the condition in which the AMF = 1.00) is the absence of 783 
centerline markings.    784 

Exhibit 13-47: Potential Crash Effects of Placing Centerline Markings(8) 785 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(Injury) 

0.99*? 0.06 
Place centerline 
markings 

Rural 
(Two-lane) 

Unspecified 
All types  
(Non-injury) 

1.01*? 0.05 

Base Condition: Absence of centerline markings. 

NOTE: Based on US studies: Tamburri, Hammer, Glennon and Lew 1968; Glennon 1986 and International studies: 786 
Engel and Krogsgard Thomsen 1983 787 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less.  788 
 * Observed variability suggests that this treatment could result in an increase, decrease or no change in 789 

crashes. See Part D Introduction and Applications Guidance. 790 
 ? Treatment results in a decrease in injury crashes and an increase in non-injury crashes. See Part D 791 

Introduction and Applications Guide. 792 
 Study does not report if the roadway segments meet MUTCD guidelines for centerline marking application 793 

 794 

 795 

 796 

 797 

 798 
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13.8.2.5. Place Edgeline and Centerline Markings 799 

The MUTCD provides guidelines and warrants for edgeline and centerline 800 
marking application.(9) 801 

Rural two-lane roads and rural multi-lane highways 802 

Placing edgeline and centerline markings where no markings exist decreases 803 
injury accidents of all types, as shown in Exhibit 13-48. The base condition of the 804 
AMF (i.e., the condition in which the AMF = 1.00) is the absence of markings.   805 

Exhibit 13-48: Potential Crash Effects of Placing Edgeline and Centerline Markings (8) 806 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

Place edgeline 
and centerline 
markings 

Rural 
(Two-lane/  
Multilane 
undivided) 

Unspecified 
All types 
(Injury) 

0.76 0.1 

Base Condition: Absence of markings. 

NOTE: Based on US study: Tamburri, Hammer, Glennon and Lew, 1968 807 
Study does not report if the roadway segments meet MUTCD guidelines for edgeline and centerline 808 
marking application 809 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less.  810 

13.8.2.6. Install Edgelines, Centerlines and Post-Mounted Delineators 811 

Edgeline markings, centerline markings and post-mounted delineators are often 812 
combined on roadway segments. 813 

Rural two-lane road and rural multi-lane highways 814 

The crash effects of installing edgelines, centerlines, and post mounted 815 
delineators where no markings exist are shown in Exhibit 13-49. The base condition 816 
of the AMF (i.e., the condition in which the AMF = 1.00) is the absence of markings.   817 

Exhibit 13-49: Potential Crash Effects of Installing Edgelines, Centerlines and Post-818 
Mounted Delineators (8) 819 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

Install edgelines, 
centerlines and 
delineators 

Urban/ 
Rural 
(Two-lane/ 
multilane 
Undivided) 

Unspecified 
All types 
(Injury) 

0.55 0.1 

Base Condition: Absence of markings. 

NOTE: Based on US studies: Tamburri, Hammer, Glennon and Lew 1968, Roth 1970 820 
 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less.  821 

13.8.2.7. Install Snowplowable Permanent Raised Pavement Markers 822 
(RPMs) 823 

Implementing snowplowable permanent raised pavement markers (RPMs) 824 
requires consideration of traffic volumes and horizontal curvature.(2) 825 
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Rural two-lane roads 826 

The crash effects of installing snowplowable RPMs on low volume (AADT of 0 to 827 
5,000), medium volume (AADT of 5,001 to 15,000), and high volume (AADT of 15,001 828 
to 20,000) roads are shown in Exhibit 13-50.(2) 829 

The varying crash effect by traffic volume is likely due to the lower design 830 
standards (e.g., narrower lanes, narrower shoulders, etc.) associated with low-831 
volume roads.(2) Providing improved delineation, such as RPMs, may cause drivers 832 
to increase their speeds. The varying crash effect by curve radius is likely related to 833 
the negative impact of speed increases.(2) The base condition of the AMFs (i.e., the 834 
condition in which the AMF = 1.00) is the absence raised pavement markers.   835 

Exhibit 13-50: Potential Crash Effects of Installing Snowplowable Permanent Raised 836 
Pavement Markers (RPMs) (2) 837 

Treatment Setting 
(Road type) 

Traffic 
Volume 
AADT 

Accident type 
(Severity) 

AMF Std. Error 

0 to 5,000  1.16 0.03 

5,001 to 
15,000  0.99* 0.06 

Rural 
(Two-lane 
with radius 
> 1640 ft)   15,001 to 

20,000  0.76 0.08 

0 to 5,000  1.43 0.1 

5,001 to 
15,000  1.26 0.1 

Install 
snowplowable 
permanent 
RPMs Rural 

(Two-lane 
with radius 
≤ 1640 ft)   15,001 to 

20,000  

Nighttime 
All types 
(All severities) 

1.03* 0.1 

Base Condition: Absence of raised pavement markers. 

NOTE:  Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 838 
 * Observed variability suggests that this treatment could result in an increase, decrease or no change in 839 

crashes. See Part D Introduction and Applications Guidance. 840 
  841 

Freeways 842 

The crash effects of installing snowplowable RPMs on rural four-lane freeways 843 
for nighttime crashes by traffic volume is shown in Exhibit 13-51.(2) The varying crash 844 
effect by traffic volume is likely due to the lower design standards (e.g., narrower 845 
lanes, narrower shoulders, etc.) associated with lower-volume roads.(2)  The base 846 
condition of the AMFs (i.e., the condition in which the AMF = 1.00) is the absence 847 
raised pavement markers.   848 

 849 

 850 

 851 

 852 
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Exhibit 13-51: Potential Crash Effects of Installing Snowplowable Permanent Raised 853 
Pavement Markers (RPMs) (2) 854 

Treatment Setting 
(Road type) 

Traffic 
Volume 
AADT 

Accident type 
(Severity) 

AMF Std. Error 

≤ 20,000  1.13* 0.2 

20,001 to 
60,000  0.94* 0.3 

Install 
snowplowable 
PRPMs 

Rural 
(Four-lane 
freeways) 

> 60,000  

Nighttime 
All types 
(All severities) 

0.67 0.3 

Base Condition: Absence of raised pavement markers. 

NOTE:  Italic  text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3. 855 
   * Observed variability suggests that this treatment could result in an increase, decrease or no change in 856 

crashes. See Part D Introduction and Applications Guidance. 857 

13.9. CRASH EFFECTS OF RUMBLE STRIPS 858 

13.9.1. Background and Availability of AMFs 859 

Rumble strips warn drivers by creating vibration and noise when driven over. 860 
The objective of rumble strips is to reduce crashes caused by drowsy or inattentive 861 
drivers. In general, rumble strips are used in areas where the noise generated is 862 
unlikely to disturb adjacent residents; that is, in non-residential areas. The decision to 863 
incorporate rumble strips may also depend on the presence of bicyclists on the 864 
roadway segment. 865 

Jurisdictions have not identified additional maintenance requirements with 866 
respect to rumble strips.(23) The vibratory effects of rumble strips can be felt in snow 867 
and icy conditions and may act as a guide to drivers in inclement weather.(13) 868 
Analysis of downstream crash data for shoulder rumble strips found migration 869 
and/or spillover of crashes to be unlikely.(13)  870 

Exhibit 13-52 summarizes common treatments related to rumble strips and the 871 
corresponding AMF availability. 872 

 873 
 874 
 875 
 876 
 877 
 878 
 879 
 880 
 881 
 882 
 883 
 884 
 885 
 886 
 887 
 888 
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Exhibit 13-52: Summary of Treatments Related to Rumble Strips 889 

HSM Section Treatment Rural Two-
Lane Road 

Urban 
Two-
Lane  
Road 

Rural 
Multi-
Lane  

Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

13.9.2.1 Install continuous 
shoulder rumble strips - -   - - - 

13.9.2.2 Install centerline 
rumble strips  - - N/A N/A - - 

Appendix A 
Install continuous 
shoulder rumble strips 
and wider shoulders 

- - - T - - - 

Appendix A Install transverse 
rumble strips T - - - - - - 

NOTE: 
 = Indicates that an AMF is available for this treatment. 

T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known and presented in 
Appendix A. 

- = Indicates that an AMF is not available and a trend is not known. 
N/A = Indicates that the treatment is not applicable to the corresponding setting. 

13.9.2. Rumble Strip Treatments with AMFs 890 

13.9.2.1. Install Continuous Shoulder Rumble Strips 891 

Shoulder rumble strips are installed on a paved roadway shoulder near the 892 
travel lane. Shoulder rumble strips are made of a series of indented, milled, or raised 893 
elements intended to alert inattentive drivers, through vibration and sound, that their 894 
vehicles have left the roadway. On divided highways, shoulder rumble strips are 895 
typically installed on both the inner and outer shoulders (i.e., median and right 896 
shoulders).(28) 897 

The impact of shoulder rumble strips on motorcycles or bicyclists has not been 898 
quantified in terms of crash experience.(29)  899 

Continuous shoulder rumble strips are applied with consistently small spacing 900 
between each groove (generally less than 1-ft. There are no gaps of smooth pavement 901 
longer than about 1-ft.  902 

Rural multi-lane highways 903 

The crash effects of installing continuous shoulder rumble strips on rural multi-904 
lane divided highways, with posted speeds of 55 to 70 mph are shown in Exhibit 905 
13-53.(6) The crash effects on all types of injury severity and single-vehicle run-off-906 
road accidents are also shown in Exhibit 13-53. The base condition of the AMFs (i.e., 907 
the condition in which the AMF = 1.00) is the absence shoulder rumble strips.   908 

 909 

 910 

 911 

 912 

es a 

strip 

Fs. 



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

Page 13-40  Part D / Accident Modification Factors 
  Chapter 13—Roadway Segments 

Exhibit 13-53: Potential Crash Effects of Installing Continuous Shoulder Rumble Strips on 913 
Multi-Lane Highways (6)  914 

Treatment Setting 
(Road type) 

Traffic Volume 
(AADT) 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(All severities) 

0.84 0.1 

All types 
(Injury) 

0.83 0.2 

SV ROR 
(All severities) 

0.90* 0.3 

Install continuous 
milled-in shoulder 
rumble strips 

Rural  
(Multi-lane 
divided) 

2,000 to 
50,000  

SV ROR  
(Injury) 

0.78* 0.3 

Base Condition: Absence of shoulder rumble strips. 

NOTE:  Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 915 
 Italic  text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3. 916 
 SV ROR = Single-Vehicle Run-off-road accidents  917 
  * Observed variability suggests that this treatment could result in an increase, decrease or no change in 918 

crashes. See Part D Introduction and Applications Guidance. 919 

Freeways 920 

There are specific circumstances in which installing continuous shoulder rumble 921 
strips on all four shoulders reduces single-vehicle run-off-road (SV ROR) accidents. 922 
The specific circumstances are SV ROR crashes with contributing factors including 923 
alcohol, drugs, inattention, inexperience, fatigue, illness, distraction, and glare. The 924 
AMFs are presented in Exhibit 13-54.(25) 925 

The crash effects on all SV ROR accidents of all severities and injury severity are 926 
also shown in Exhibit 13-54. There is no evidence that shoulder rumble strips have an 927 
effect on multi-vehicle accidents within the boundaries of the treatment area.(13) The 928 
base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is the 929 
absence of shoulder rumble strips.   930 

Exhibit 13-54: Potential Crash Effects of Installing Continuous Shoulder Rumble Strips on 931 
Freeways (25,13) 932 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

Install continuous milled-
in shoulder rumble strips 
(6) 

Urban/Rural  
(Freeway) 

Specific  
SV ROR (All severities) 0.21 0.07 

SV ROR (All severities) 0.82 0.1 Urban/Rural 
(Freeway) SV ROR (Injury) 0.87 0.2 

SV ROR (All severities) 0.79 0.2 

Install continuous rolled-
in shoulder rumble strips 
(11) Rural 

(Freeway) 

Unspecified 

SV ROR (Injury) 0.93* 0.3 

Base Condition: Absence of shoulder rumble strips. 

NOTE:  Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 933 
 Italic  text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3. 934 
 SV ROR = Single Vehicle Run-off-road accidents 935 
 Specific SV ROR crashes have certain causes including alcohol, drugs, inattention, inexperience, fatigue, 936 

illness, distraction, and glare.  937 
 * Observed variability suggests that this treatment could result in an increase, decrease or no change in 938 

crashes. See Part D Introduction and Applications Guidance. 939 
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The gray box below presents an example of how to apply the preceding AMFs to 940 
assess the crash effects of implementing rumble strips on an urban freeway. 941 

 942 

 943 
 944 

13.9.2.2. Install Centerline Rumble Strips 945 

Centerline rumble strips are installed on undivided roadways, along the 946 
centerline that divides opposing traffic.  Centerline rumble strips target head-on and 947 
opposite-direction sideswipe crashes. A secondary target is drift-off run-off-road-to-948 
the-left crashes. Centerline rumble strips may reduce risky passing, but this is not 949 
their primary intent and the effect on risky passing is not known.  950 

Effectiveness of Implementing Rumble Strips 

Question: 
The installation of rumble strips is being considered along an urban freeway 
segment to reduce single vehicle run of the road (SV ROR) crashes. What will 
be the likely change in expected average crash frequency?  

Given Information: 
• Existing roadway = urban freeway 

• Average crash frequency without treatment = 22 crashes/year 

Find: 
• Average crash frequency with installation of rumble strips 

• Change in average crash frequency  

Answer: 
1) Identify the applicable AMF  

AMF = 0.82 (Exhibit 13-54) 

2) Calculate the 95th percentile confidence interval estimation of crashes with 
the treatment 

= (0.82 ± 2 x 0.10) x (22 crashes/year) = 13.6 or 22.4 crashes/year 

A standard error is provided for this AMF in Exhibit 13-54 as 0.10. The 
multiplication of the standard error by 2 yields a 95% probability that the 
true value is between 13.6 and 22.4 crashes/year. See Section 3.5.3 in 
Chapter 3 Fundamentals for a detailed explanation.  

3) Calculate the difference between the number of crashes without the 
treatment and the number of crashes with the treatment. 

Change in Average Crash Frequency:  

Low Estimate = 22.4 – 22.0 = -0.4 crashes/year increment 

High Estimate = 22.4 – 13.6 = 8.8 crashes/year reduction      

4) Discussion: This example illustrates that the installation of rumble 
strips is more likely to result in a decrease in expected average 
crash frequency. However, there is also a probability that crashes 
will remain unchanged or experience a slight increase.  

 

Part D Introductions and 

Applications Guidance 

provides information about 

the application of AMFs. 
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National guidelines do not exist for the application of centerline rumble strips. 951 
Appendix A contains information about the placement of centerline rumble strips in 952 
relation to centerline markings.  953 

Rural two-lane roads 954 

The crash effects of installing centerline rumble strips on rural two-lane roads are 955 
shown in Exhibit 13-55.(8) The crash effects for frontal and opposing-direction 956 
sideswipe accidents are also shown in Exhibit 13-55.  957 

The AMFs are applicable to a range of centerline rumble strip designs (e.g., 958 
milled in, rolled in, formed, raised) and placements (e.g., continuous, intermittent).(26) 959 
The AMFs are also applicable to horizontal curves and tangent sections, passing and 960 
no-passing zones.(26) The base condition of the AMFs (i.e., the condition in which the 961 
AMF = 1.00) is the absence of centerline rumble strips.   962 

Exhibit 13-55: Potential Crash Effects of Installing Centerline Rumble Strips (14) 963 

Treatment Setting 
(Road type) 

Traffic Volume 
AADT 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(All severities) 

0.86 0.05 

All types 
(Injury) 

0.85 0.08 

Frontal and 
opposing-direction 
sideswipe 
(All severities) 

0.79 0.1 

Install 
centerline 
rumble strips 

Rural 
(Two-lane) 

5,000 to 
22,000  

Frontal and 
opposing-direction 
sideswipe  
(Injury) 

0.75 0.2 

Base Condition: Absence of centerline rumble strips. 

NOTE: Based on centerline rumble strip installation in seven states: California, Colorado, Delaware, Maryland, 964 
Minnesota, Oregon, and Washington 965 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less.  966 
 Italic  text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3. 967 
  968 

13.10. CRASH EFFECTS OF TRAFFIC CALMING 969 

13.10.1. Background and Availability of AMFs 970 

Some objectives of traffic calming are to reduce traffic speed and/or traffic 971 
volume, in order to reduce conflicts between local traffic and through traffic, make it 972 
easier for pedestrians to cross the road, and reduce traffic noise. Traffic calming 973 
measures and devices are applied in different combinations to suit the specific road 974 
environment and the specific result desired. 975 

Traffic calming measures have grown in application over the past 15 years in 976 
North America. Various factors have contributed including the desire to provide a 977 
shared space between vehicular, pedestrian, and bicyclist traffic.  978 

Exhibit 13-56 summarizes common treatments related to traffic calming and the 979 
corresponding AMF availability. 980 
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Exhibit 13-56: Summary of Treatments Related to Traffic Calming 981 

HSM 
Section 

Treatment Rural Two-
Lane Road 

Rural Multi-
Lane  

Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

13.10.2.1 Install speed 
humps N/A N/A N/A N/A   

Appendix A 
Install 
transverse 
rumble strips 

- 
 

- 
N/A N/A T T 

Appendix A 

Apply 
several 
traffic 
calming 
measures to 
a road 
segment 

N/A N/A N/A N/A  - 

NOTE: 
 = Indicates that an AMF is available for this treatment. 

T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known 
and presented in Appendix A. 

- = Indicates that an AMF is not available and a trend is not known. 
N/A = Indicates that the treatment is not applicable to the corresponding setting. 
 982 

13.10.2. Traffic Calming Treatments with AMFs 983 

13.10.2.1. Install Speed Humps 984 

Speed humps are most commonly used on residential roads in urban or 985 
suburban environments to reduce speeds and, in some cases, to reduce traffic 986 
volumes.  987 

Urban and suburban arterials 988 

The crash effects of installing speed humps for treated roads and for adjacent 989 
untreated roads are shown in Exhibit 13-57.(8)  The base condition of the AMFs (i.e., 990 
the condition in which the AMF = 1.00) is the absence of speed humps.   991 

Exhibit 13-57: Potential Crash Effects Of Installing Speed Humps (8) 992 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

Adjacent to 
roads with 
speed humps 

0.95* 0.06 

Install speed 
humps 

Urban/ 
Suburban 
(Residential 
Two-lane) 

Unspecified 
All types 
(Injury) 

0.60 0.2 

Base Condition: Absence of speed humps. 

NOTE: Based on U.S. studies: Ewing 1999 and International studies: Baguley 1982; Blakstad and Giæver 1989; 993 
Giæver and Meland 1990; Webster 1993; Webster and Mackie 1996; ETSC 1996; Al Masaeid 1997; 994 
Eriksson and Agustsson 1999; Agustsson 2001 995 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 996 
 Italic  text is used for less reliable AMFs.  These AMFs have standard errors between 0.2 to 0.3. 997 
 * Observed variability suggests that this treatment could result in an increase, decrease or no change in 998 

crashes. See Part D Introduction and Applications Guidance. 999 

This section provides a 

summary of traffic calming 

treatments with AMFs. 
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13.11. CRASH EFFECTS OF ON-STREET PARKING 1000 

13.11.1. Background and Availability of AMFs 1001 

There are two broad types of parking facilities: at the curb or on-street parking, 1002 
and off-street parking in lots or parking structures.(22) Parking safety is influenced by 1003 
a complex set of driver and pedestrian attitudinal and behavioral patterns.(32)  1004 

Certain kinds of accidents may be caused by curb or on-street parking 1005 
operations, these include: 1006 

 Sideswipe and rear-end crashes resulting from lane changes due to the 1007 
presence of a parking vehicle or contact with a parked car; 1008 

 Sideswipe and rear-end crashes resulting from vehicles stopping prior to 1009 
entering the parking stall; 1010 

 Sideswipe and rear-end crashes resulting from vehicles exiting parking stalls 1011 
and making lane changes; and 1012 

 Pedestrian crashes resulting from passengers alighting from the street-side 1013 
doors of parked vehicles, or due to pedestrians obscured by parked vehicles. 1014 

Exhibit 13-58 summarizes common treatments related to on-street parking and 1015 
the corresponding AMF availability. 1016 

Exhibit 13-58: Summary of Treatments Related to On-Street Parking 1017 

HSM 
Section 

Treatment Rural 
Two-
Lane 
Road 

Rural 
Multi-
Lane  

Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

13.11.2.1 Prohibit on-street 
parking N/A N/A N/A N/A  N/A 

13.11.2.2 
Convert free to 
regulated on-
street parking 

N/A N/A N/A N/A  N/A 

13.11.2.3 

Implement time-
limited on-street 
parking 
restrictions 

N/A N/A N/A N/A  N/A 

13.11.2.4 
Convert angle 
parking to parallel 
parking 

N/A N/A N/A N/A  N/A 

NOTE: 
 = Indicates that an AMF is available for this treatment. 

- = Indicates that an AMF is not available and a trend is not known. 
N/A = Indicates that the treatment is not applicable to the corresponding setting. 

 1018 

 1019 

 1020 

Section 13.11 provides a 

summary of parking 

treatments with AMFs. 
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13.11.2. Parking Treatments with AMFs 1021 

13.11.2.1. Prohibit On-Street Parking 1022 

Many factors may be considered before removing or altering on-street parking. 1023 
These factors include parking demand, road geometry, traffic operations, and safety. 1024 

Urban arterials 1025 

Crash effects of prohibiting on-street parking on urban arterials with AADT 1026 
traffic volumes from 30,000 to 40,000 are shown in Exhibit 13-59.  The base condition 1027 
of the AMFs summarized in Exhibit 13-59 (i.e., the condition in which the AMF = 1028 
1.00) is the provision of on-street parking.   1029 

Exhibit 13-59: Potential Crash Effects of Prohibiting On-Street Parking(22,19) 1030 

Treatment Setting 
(Road type) 

Traffic 
Volume 
AADT 

Accident type 
(Severity) 

AMF Std. Error 

Prohibit on-
street parking  

Urban 
(Arterial 
(64 ft 
wide)) 

30,000  
All types 
(All severities) 

0.58 0.08 

All types 
(Injury) 

0.78+ 0.05 
Prohibit on-
street parking  

Urban 
(Arterial) 

30,000 to 
40,000  All types 

(Non-injury) 
0.72+ 0.02 

Base Condition: Provision of on-street parking. 

NOTE:  (10) Based on  U.S. studies: Crossette and Allen 1969; Bonneson and McCoy 1997 and International 1031 
studies: Madelin and Ford 1968; Good and Joubert 1973; Main 1983; Westman 1986; Blakstad and Giaever 1032 
1989 1033 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 1034 
 + Combined AMF, See Part D Introduction and Applications Guide. 1035 

Accident migration is a possible result of prohibiting on-street parking.(19) 1036 
Drivers may use different streets to find on-street parking, or they may take different 1037 
routes to off-street parking. Shifts in travel modes may also occur as a result of the 1038 
reduction in parking spaces caused by prohibiting on-street parking. Drivers may 1039 
choose to walk, cycle, or use public transportation. However, the crash effects are not 1040 
certain at this time. 1041 

13.11.2.2. Convert Free to Regulated On-Street Parking 1042 

Regulated on-street parking includes time-limited parking, reserved parking, 1043 
area/place-limited parking, and paid parking. 1044 

Urban arterials 1045 

The crash effects of converting free parking to regulated on-street parking on 1046 
urban arterials are shown in Exhibit 13-60.(8) The crash effect on injury accidents of all 1047 
types is also shown in Exhibit 13-60. The base condition of the AMFs (i.e., the 1048 
condition in which the AMF = 1.00) is the provision of free parking. 1049 
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Exhibit 13-60: Potential Crash Effects of Converting from Free to Regulated On-Street 1050 
Parking (8) 1051 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(Injury) 

0.94*? 0.08 Convert free to 
regulated 
parking 

Urban 
(Arterial) Unspecified 

All types 
(Non-injury) 

1.19? 0.05 

Base Condition: Provision of free parking. 

NOTE: Based on U.S. studies: Cleveland, Huber and Rosenbaum 1982 and International studies: Dijkstra 1990 1052 
 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 1053 
 * Observed variability suggests that this treatment could result in an increase, decrease or no change in 1054 

crashes. See Part D Introduction and Applications Guidance. 1055 
 ? Treatment results in a decrease in injury crashes and an increase in non-injury crashes. See Part D 1056 

Introduction and Applications Guide. 1057 

13.11.2.3. Implement Time-Limited On-Street Parking Restrictions 1058 

Time-limited on-street parking may consist of parking time limitations ranging 1059 
from 15 minutes to several hours.  1060 

Urban arterials  1061 

The crash effects of implementing time-limited parking restrictions to regulate 1062 
previously unrestricted parking on urban arterials and collectors are shown in 1063 
Exhibit 13-61.(8) The base condition of the AMFs (i.e., the condition in which the AMF 1064 
= 1.00) is the provision of unrestricted parking.   1065 

Exhibit 13-61: Potential Crash Effects of Implementing Time-Limited On-Street Parking(8) 1066 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

All types 
(All severities) 

0.89 0.06 
Implement time-
limited parking 
restrictions 

Urban 
(Arterial and 
Collector) 

Unspecified Parking-related 
accidents  
(All severities) 

0.21 0.09 

Base Condition: Provision of unrestricted parking. 

NOTE: Based on U.S. studies: DeRose 1966; LaPlante 1967 1067 
 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 1068 

13.11.2.4. Convert Angle Parking to Parallel Parking 1069 

In recent years, some agencies have replaced angle curb parking configurations 1070 
with parallel parking for safety and operational reasons. Converting angle parking to 1071 
parallel parking reduces the number of parking spaces, but increases the sightlines 1072 
for drivers exiting the parking position and reduces weaving time.  1073 

Urban arterials 1074 

The crash effect of converting angle parking to parallel parking on urban 1075 
arterials is incorporated in an AMF for on-street parking that includes the crash 1076 
effects not only of angle vs. parallel parking, but also of the type of development 1077 
along the arterial and the proportion of curb length with on-street parking.(5)  The 1078 
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base condition of the AMF (i.e., the condition in which the AMF = 1.00) is the absence 1079 
of on-street parking. An AMF for changing from angle parking to parallel parking 1080 
can be determined by dividing the AMF determined for parallel parking by the AMF 1081 
determined for angle parking.  This AMF applies to total roadway segment accidents. 1082 
The standard error for this AMF is unknown. 1083 

The AMF is determined as: 1084 

1.00) - (f  p 1.00   AMF pkpk1r +=                                      (13-6) 1085 

 Where, 1086 

 AMF1r = accident modification factor for the effect of on-street parking 1087 
on total accidents; 1088 

 fpk = factor from Exhibit 13-63; 1089 

    ppk = proportion of curb length with on-street parking = (0.5 1090 
Lpk/L’);  1091 

                                Lpk = sum of curb length with on-street parking for both sides of 1092 
the road combined; and 1093 

                                L’ = total roadway segment length with deductions for intersection 1094 
widths, crosswalks, and driveway widths. 1095 

Exhibit 13-62: Potential Crash Effects of Implementing On-Street Parking(5) 1096 
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 1097 



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

Page 13-48  Part D / Accident Modification Factors 
  Chapter 13—Roadway Segments 

Exhibit 13-63: Type of Parking and Land Use Factor (fpk in Equation 13-6) 1098 

Type of parking and land use 

Parallel parking Angle parking 

Road 
type 

Residential/other Commercial 
or industrial/
institutional 

Residential/other Commercial 
or industrial/ 
institutional 

2U 1.465 2.074 3.428 4.853 

3T 1.465 2.074 3.428 4.853 

4U 1.100 1.709 2.574 3.999 

4D 1.100 1.709 2.574 3.999 

5T 1.100 1.709 2.574 3.999 

NOTE:  2U = Two-lane undivided arterials. 3T = Three-lane arterial including a center two-way left-turn lane 1099 
(TWLTL). 4U = Four-lane undivided arterial. 4D = Four-lane divided arterial (i.e., including a raised or 1100 
depressed median). 5T = Five-lane arterial including a center TWLTL. 1101 

 1102 

Accident migration is a possible result of converting angle parking to parallel 1103 
parking, in part because of the reduced number of parking spaces. Drivers may use 1104 
different streets to find on-street parking, or take different routes to off-street 1105 
parking. Shifts in travel modes may also occur as a result of the reduction in parking 1106 
spaces as a result of converting angle parking to parallel parking. However, the crash 1107 
effect is not certain at this time. 1108 

The gray box below presents an example of how to apply the preceding 1109 
equations and graphs to assess the crash effects of modifying angle to parallel 1110 
parking on a residential two-lane arterial road. 1111 

 1112 



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

Part D / Accident Modification Factors  Page 13-49 
Chapter 13—Roadway Segments 

 1113 

Effectiveness of Modifying Angle to Parallel Parking 

Question: 

A 3,000-ft segment of a two-lane undivided arterial in a residential area currently provides 
angle parking for nearby residents on about 80% of its total length. The local jurisdiction 
is investigating the impacts of modifying the parking scheme to parallel parking. What will 
be the likely reduction in expected average crash frequency for the entire 3,000-ft 
segment? 

Given Information: 
• Existing roadway = Two-lane undivided arterial (2U in Exhibit 13-63) 

• Setting = Residential area 

• Length of roadway = 3,000-ft 

• Percent of roadway with Parking = 80% 

• Expected average crash frequency with angle parking for the entire 3,000-ft 
segment (Seep Part C Predictive Method) = 8 crashes/year 

Find: 
• Expected average crash frequency with modification from angle to parallel parking 

• Change in expected average crash frequency  

Answer: 
5) Identify the parking and land use factor for existing condition angle parking 

fpk = 3.428 (Exhibit 13-63) 

6) Identify the parking and land use factor for proposed condition parallel parking 
fpk = 1.465 (Exhibit 13-63) 

7) Calculate the AMF for the existing condition 
AMF = 2.94 (Equation 13-6 or Exhibit 13-62) 

8) Calculate the AMF for the proposed condition 
AMF= 1.37 (Equation 13-6 or Exhibit 13-62) 

9) Calculate the treatment AMF (AMFTreatment) corresponding to the change in parking 
scheme  

AMFTreatment = 1.37/2.94 = 0.47 

The treatment AMF is calculated as the ratio between the existing condition AMF and 
the proposed condition AMF. Whenever the existing condition is not equal to the base 
condition for a given AMF, a division of existing condition AMF (where available) and 
proposed condition AMF will be required.   

10) Apply the treatment AMF (AMFTreatment) to the expected number of crashes along the 
roadway segment without the treatment. 

= 0.47 x 8 crashes/year = 3.8 crashes/year 

11) Calculate the difference between the expected number of crashes without the 
treatment and the expected number of crashes with the treatment. 

Change in Expected Average Crash Frequency:  

= 8.0 – 3.8 = 4.2 crashes/year reduction 

12) Discussion: the change in parking scheme may potentially result in a 
reduction of 4.2 crashes/year. A standard error was not available for this 
AMF.  

The Part D Introduction and 

Applications Guide provides 

information about applying 

AMFs. 
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13.12. CRASH EFFECTS OF ROADWAY TREATMENTS FOR PEDESTRIANS 1114 
AND BICYCLISTS  1115 

13.12.1. Background and Availability of AMFs 1116 

Pedestrians and bicyclists are considered vulnerable road users as they are more 1117 
susceptible to injury than vehicle occupants when involved in a traffic crash. Vehicle 1118 
occupants are usually protected by the vehicle. 1119 

The design of accessible pedestrian facilities is required and is governed by 1120 
implementing regulations under the Rehabilitation Act of 1973 and the Americans 1121 
with Disabilities Act (ADA) of 1990. These two acts reference specific design and 1122 
construction standards for usability.(6)  Appendix A presents a discussion of design 1123 
guidance resources including the PEDSAFE Guide. 1124 

For most treatments concerning pedestrian and bicyclist safety at intersections, 1125 
the road type is unspecified. Where specific site characteristics are known, they are 1126 
stated. 1127 

Exhibit 13-64 summarizes common roadway treatments for pedestrians and 1128 
bicyclists, there are currently no AMFs available for these treatments. Appendix A 1129 
presents general information and potential trends in crashes and user behavior for 1130 
applicable roadway types.  1131 

 1132 

 1133 

 1134 

 1135 

 1136 

 1137 

 1138 

 1139 

 1140 

 1141 

 1142 

 1143 

 1144 

 1145 

 1146 

 1147 

 1148 

 1149 

 1150 

Section 13.12 presents 

information about 

pedestrian and bicyclist 

treatments with AMFs. 
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Exhibit 13-64: Summary of Roadway Treatments for Pedestrians and Bicyclists 1151 

 1152 

 1153 

HSM 
Section 

Treatment Rural Two-
Lane Road 

Rural 
Multi-Lane  
Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

Appendix A Provide a sidewalk or shoulder N/A N/A N/A N/A T - 

Appendix A Install raised pedestrian crosswalks N/A N/A N/A N/A T T 

Appendix A Install pedestrian-activated flashing 
yellow beacons with overhead signs 
and advance pavement markings 

N/A N/A N/A N/A T T 

Appendix A Install overhead electronic signs 
with pedestrian-activated crosswalk 
flashing beacons 

N/A N/A N/A N/A T - 

Appendix A Reduce posted speed limit through 
school zones during school times T T N/A N/A T T 

Appendix A Provide pedestrian overpasses and 
underpasses - - N/A N/A - T 

Appendix A Mark crosswalks at uncontrolled 
locations, intersection or mid-block - N/A N/A N/A T T 

Appendix A Use alternative crosswalk markings 
at mid-block locations - N/A N/A N/A T T 

Appendix A Use alternative crosswalk devices at 
mid-block locations - N/A N/A N/A T T 

Appendix A Provide a raised median or refuge 
island at marked and unmarked 
crosswalks 

N/A N/A N/A N/A T T 

Appendix A Provide a raised or flush median or 
center two-way left-turn lane at 
marked and unmarked crosswalks 

N/A N/A N/A N/A T T 

Appendix A Install pedestrian refuge islands or 
split pedestrian crossovers N/A N/A N/A N/A T T 

Appendix A Widen median N/A - N/A N/A T T 

Appendix A Provide dedicated bicycle lanes 
(BLs) N/A N/A N/A N/A T - 

Appendix A Provide wide curb lanes (WCLs) N/A N/A N/A N/A T - 

Appendix A Provide shared bus/bicycle lanes N/A N/A N/A N/A T - 

Appendix A Re-stripe roadway to provide bike 
lane N/A N/A N/A N/A T - 

Appendix A Pave highway shoulders for bicyclist 
use T T N/A N/A N/A - 

Appendix A Provide bicycle boulevards N/A N/A N/A N/A T - 

Appendix A Provide separate bicycle facilities N/A N/A N/A N/A T - 

NOTE: 
T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known and presented in Appendix A. 
N/A = Indicates that the treatment is not applicable to the corresponding setting. 



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

Page 13-52  Part D / Accident Modification Factors 
  Chapter 13—Roadway Segments 

13.13. CRASH EFFECTS OF HIGHWAY LIGHTING 1154 

13.13.1. Background and Availability of AMFs 1155 

Artificial illumination, also known as lighting, is often provided on roadway 1156 
segments in urban and suburban areas. Lighting is also often provided at rural 1157 
locations where road users may need to make a decision.  1158 

Exhibit 13-65 summarizes common treatments related to highway lighting  and 1159 
the corresponding AMF availability. 1160 

Exhibit 13-65: Summary of Treatments Related to Highway Lighting 1161 

HSM 
Section 

Treatment Rural 
Two-
Lane 
Road 

Rural 
Multi-
Lane  

Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

 

13.13.2.1 
Provide 
highway 
illumination 

      

NOTE: 
 = Indicates that an AMF is available for this treatment. 

13.13.2. Highway Lighting Treatments with AMFs 1162 

13.13.2.1. Provide Highway Lighting 1163 

Rural two-lane roads, rural multilane highways, freeways, expressways, urban 1164 
and suburban arterials 1165 

The crash effects of providing highway lighting on roadway segments that 1166 
previously had no lighting are shown in Exhibit 13-66.  The base condition of the 1167 
AMFs (i.e., the condition in which the AMF = 1.00) is the absence of lighting.  1168 

Exhibit 13-66: Potential Crash Effects of Providing Highway Lighting(7,8,12,27) 1169 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

All types 
(Nighttime 
injury) (8) 

0.72 0.06 

All types 
(Nighttime 
Non-injury) (8) 

0.83 0.07 

All types 
(Nighttime 
injury)(15) 

0.71 N/Ao 

Provide highway 
lighting 

All settings 
(All types) 

Unspecified 

All types 
(Nighttime 
all severities)(15) 

0.80 N/Ao 

Base Condition: Absence of lighting. 

NOTE:  Based on U.S. studies: Harkey at al., 2008; and International studies: Elvik and Vaa 2004 1170 
 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 1171 
             o Standard error of the AMF is unknown. 1172 

The AMFs for nighttime injury accidents and nighttime accidents for all severity 1173 
levels were derived by Harkey et al.(15) using the results from Elvik and Vaa(8) along 1174 
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with information on the distribution of accidents by injury severity and time of day 1175 
from the states of Minnesota and Michigan. 1176 

13.14. CRASH EFFECTS OF ROADWAY ACCESS MANAGEMENT 1177 

13.14.1. Background and Availability of AMFs 1178 

Access management is a set of techniques designed to manage the frequency and 1179 
magnitude of conflict points at residential and commercial access points. The purpose 1180 
of an access management program is to balance the mobility required from a 1181 
roadway facility with the accessibility needs of adjacent land uses.(31)  1182 

The management of access, namely the location, spacing, and design of 1183 
driveways and intersections, is considered to be one of the most critical elements in 1184 
roadway planning and design. Access management provides or manages access to 1185 
land development while simultaneously preserving traffic safety, capacity, and speed 1186 
on the surrounding road system, thus addressing congestion, capacity loss, and 1187 
accidents on the nation’s roadways.(21)  1188 

This section presents the crash effects of access density, or the number of access 1189 
points per unit length, along a roadway segment. An extensive TRB website 1190 
containing access management information is available at 1191 
www.accessmanagement.gov.  1192 

Separate predictive methods are provided in Part C of the HSM for public-road 1193 
intersections.  However, where intersection characteristics or side-road traffic volume 1194 
data are lacking, some minor, very-low-volume intersections may be treated as 1195 
driveways for analysis purposes. 1196 

Exhibit 13-67 summarizes common treatments related to access points and the 1197 
corresponding AMF availability. 1198 

Exhibit 13-67: Summary of Treatments Related to Access Management 1199 

HSM 
Section 

Treatment Rural 
Two-
Lane 
Road 

Urban 
Two-
Lane  
Road 

Suburban 
Two-
Lane 

Roads 

Rural 
Multi-
Lane  

Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

 

13.14.2.1 Modify access 
point density  N/A N/A - N/A -   

Appendix 

Reduce 
number of 
median 
crossings and 
intersections 

- N/A N/A - N/A - T T 

NOTE: 
 = Indicates that an AMF is available for this treatment. 

T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known and presented 
in Appendix A. 

- = Indicates that an AMF is not available and a trend is not known. 
N/A = Indicates that the treatment is not applicable to the corresponding setting. 

 1200 

 1201 

 1202 

Section 13.14.1 presents 

information about access 

management treatments 

with AMFs. 
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13.14.2. Access Management Treatments with AMFs 1203 

13.14.2.1. Modify Access Point Density 1204 

Access point density refers to the number of access points per mile.   1205 

Rural two-lane roads 1206 

The crash effects of decreasing access point density on rural two-lane roads are 1207 
presented in Equation 13-5(16) and Exhibit 13-68. The base condition (i.e., the 1208 
condition in which the AMF = 1.00) for access point density is five access points per 1209 
mile. The standard error of the AMF is unknown. 1210 

 
ln(AADT)]0.005[0.0550.322
ln(AADT)]0.005[0.05DD0.322AMF

×−×+
×−×+

=  (13-7) 1211 

 Where, 1212 

 AADT =  average annual daily traffic volume of the roadway being 1213 
evaluated; and 1214 

 DD =  access point density measured in driveways per mile. 1215 
 1216 

Exhibit 13-68: Potential Crash Effects of Access Point Density on Rural Two-lane Roads 1217 
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 1218 

Urban and Suburban Arterials 1219 

The crash effects of decreasing access point density on urban and suburban 1220 
arterials are shown in Exhibit 13-69. (8)  1221 

The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is 1222 
the initial driveway density prior to the implementation of the treatment as presented 1223 
in Exhibit 13-69.   1224 

DD = access point density 
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Exhibit 13-69: Potential Crash Effects of Reducing Access Point Density(8) 1225 

Treatment Setting 
(Road type) 

Traffic 
Volume 

Accident type 
(Severity) 

AMF Std. Error 

Reduce 
driveways from 
48 to 26-48 per 
mile 

0.71 0.04 

Reduce 
driveways from 
26-48 to 10-24 
per mile 

0.69 0.02 

Reduce 
driveways from 
10-24 to less 
than 10 per mile 

Urban and 
suburban 
(Arterial) 

Unspecified 
All types 
(Injury) 

0.75 0.03 

Base Condition: Initial driveway density per mile based on values in this table (48, 26-48, and 10-24 
per mile). 

NOTE: Based on International studies: Jensen 1968; Grimsgaard 1976; Hvoslef 1977; Amundsen 1979; 1226 
Grimsgaard 1979; Hovd 1979; Muskaug 1985 1227 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 1228 

13.15. CRASH EFFECTS OF WEATHER ISSUES 1229 

13.15.1. Background and Availability of AMFs 1230 

The weather cannot be controlled, but measures are available to mitigate 1231 
inclement weather and the resulting impact on roadways.  1232 

Exhibit 13-70 summarizes common treatments related to weather issues and the 1233 
corresponding AMF availability. 1234 

Exhibit 13-70:  Summary of Treatments Related to Weather Issues 1235 

HSM Section Treatment Rural Two-
Lane Road 

Rural 
Multilane  
Highway 

Freeway Expressway Urban 
Arterial 

Suburban 
Arterial 

13.15.2.1 
Implement faster 
response times for 
winter maintenance 

      

Appendix A 

Apply preventive 
chemical anti-icing 
during the whole 
winter season 

T T T T T T 

Appendix A Install changeable fog 
warnings signs - - T - - - 

Appendix A 
Install snow fences for 
the whole winter 
season 

T T - - N/A N/A 

Appendix A 
Raise the state of 
preparedness for 
winter maintenance 

T T T T T T 

NOTE: 
 = Indicates that an AMF is available for this treatment. 

T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user behavior is known and 
presented in Appendix A. 

- = Indicates that an AMF is not available and a trend is not known. 
N/A = Indicates that the treatment is not applicable to the corresponding setting. 

Section 13.15 presents 

information about weather 

related treatements with 

AMFs. 
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13.15.2. Weather Related Treatments with AMFs 1236 

13.15.2.1. Implement Faster Response Times for Winter Maintenance 1237 

Most jurisdictions that experience regular snowfall have developed acceptable 1238 
response times for snow, slush, and ice control. For example, a jurisdiction may clear 1239 
or plow the road before snow depth exceeds two inches. Standards for snow 1240 
clearance vary by road type or function and traffic volume. Depending on snowfall 1241 
intensity, the maximum snow depth standard implies a certain maximum response 1242 
time before snow is cleared. If snow falls very intensely, the response is faster than 1243 
when snow falls as scattered snowflakes. 1244 

As it starts to snow, road surface conditions worsen and it is generally expected 1245 
that the accident rate will increase. After snow clearance or reapplication of de-icing 1246 
treatments, the action of traffic continues to melt whatever snow or ice might be left, 1247 
and the accident rate is generally expected to return to the before-snow rate. 1248 

If maintenance crews operate with a faster response time or if maintenance crews 1249 
are deployed when less snow has accumulated (i.e., maintenance standards are 1250 
raised), the expected increase in the accident rate could be reversed at an earlier time, 1251 
possibly resulting in fewer total crashes. 1 1252 

The effects of different winter maintenance standards for different road types on 1253 
accidents during winter are likely a function of the season’s duration and severity. 1254 
The longer the winter season, and the more often there is adverse weather, the more 1255 
important the standard of winter maintenance becomes for safety.  1256 

Rural two-lane roads, rural multilane highways, freeways, expressways, urban 1257 
and suburban arterials 1258 

A jurisdiction’s road system is usually classified into a hierarchy with respect to 1259 
the minimum standards for winter maintenance. The hierarchy is based on traffic 1260 
volume and road function. The strictest standards usually apply to freeways or 1261 
arterial roads, whereas local residential roads may not be cleared at all. The crash 1262 
effects of taising a road’s standards for winter maintenance by one class are shown in 1263 
Exhibit 13-71.(8) The base conditions of the AMFs (i.e., the condition in which the 1264 
AMF = 1.00) consist of the original maintenance hierarchy assigned to a roadway 1265 
prior to the implementation of the treatment.  1266 

 1267 

 1268 

                                                             

1 Accident rate is used in this discussion as the number of accidents that occur prior to snow 
maintenance. The number of accidents depends on the amount of traffic on the roads between the 
start of snowfall and snow maintenance. 
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Exhibit 13-71: Potential Crash Effects of Raising Standards for Winter Maintenance for 1269 
the Whole Winter Season(8)2 1270 

Treatment Setting 
(Road type) 

Traffic Volume Accident type 
(Severity) 

AMF Std. Error 

All types 
(Injury) 

0.89 0.02 
Raise standard for 
winter maintenance 

All settings 
(All types) 

Any volume 
All types 
(Non-injury) 

0.73 0.02 

Base Condition: Original maintenance hierarchy assigned to a roadway prior to the implementation of 
the treatment. 

NOTE: Based on International studies: Ragnøy 1985; Bertilsson 1987; Schandersson 1988; Eriksen and Vaa 1994; 1271 
Vaa 1996 1272 

 Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 1273 
 1274 

13.16. CONCLUSION 1275 

The treatments discussed in this chapter focus on the potential crash effects of 1276 
roadway segment factors such as roadway and roadside objects, roadway alignment, 1277 
traffic calming, on-street parking, pedestrian and bicycle factors, illumination, access 1278 
management, and weather. The information presented is the AMFs known to a 1279 
degree of statistical stability and reliability for inclusion in this edition of the HSM.  1280 
Additional qualitative information regarding potential roadway treatments is 1281 
contained in Appendix A.   1282 

The remaining chapters in Part D present treatments related to other site types 1283 
such as intersections and interchanges.  The material in this chapter can be used in 1284 
conjunction with activities in Chapter 6 Select Countermeasures, and Chapter 7 Economic 1285 
Appraisal. Some Part D AMFs are included in Part C for use in the predictive method. 1286 
Other Part D AMFs are not presented in Part C but can be used in the methods to 1287 
estimate change in crash frequency described in Section C.7 of the Part C Introduction 1288 
and Applications Guidance. 1289 

                                                             

2 Nearly all studies were conducted in the Scandinavian countries. The length and severity of 
the winter season varies substantially between regions of these countries. In the south of Sweden, for 
example, there may not be any snow at all during winter and only a few days with freezing rain or 
ice on the road. In the northern parts of Finland, Norway and Sweden, snow usually falls in October 
and remains on the ground until late April. Most roads in these areas, at least in rural areas, are fully 
or partly covered by snow throughout the winter. 
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APPENDIX A  1401 

A.1 INTRODUCTION 1402 

The appendix presents general information, trends in crashes and/or user-1403 
behavior as a result of the treatments, and a list of related treatments for which 1404 
information is not currently available. Where AMFs are available, a more detailed 1405 
discussion can be found within the chapter body.  The absence of an AMF indicates 1406 
that at the time this edition of the HSM was developed, completed research had not 1407 
developed statistically reliable and/or stable AMFs that passed the screening test for 1408 
inclusion in the HSM. Trends in crashes and user behavior that are either known or 1409 
appear to be present are summarized in this appendix. 1410 

This appendix is organized into the following sections: 1411 

 Roadway Elements (Section A.2)  1412 

 Roadside Elements  (Section A.3)  1413 

 Alignment Elements (Section A.4) 1414 

 Roadway Signs (Section A.5) 1415 

 Roadway Delineation (Section A.6) 1416 

 Rumble Strips (Section A.7) 1417 

 Traffic Calming (Section A.8) 1418 

 Roadway Treatments for Pedestrians and Bicyclists (Section A.9) 1419 

 Roadway Access Management  (Section A.10) 1420 

 Weather Issues (Section A.11) 1421 

 Treatments with Unknown Crash Effects  (Section A.12)  1422 

A.2 ROADWAY ELEMENTS  1423 

A.2.1 General Information 1424 

Lanes 1425 

Lane width and the number of lanes are generally determined by the roadway’s 1426 
traffic volume and the road type and function.  1427 

In the past, wider lanes were thought to reduce crashes for two reasons. First, 1428 
wider lanes increase the average distance between vehicles in adjacent lanes, 1429 
providing a wider buffer for vehicles that deviate from the lane.(20) Second, wider 1430 
lanes provide more room for driver correction in near-accident circumstances.(20) For 1431 
example, on a roadway with narrow lanes, a moment of driver inattention may lead a 1432 
vehicle over the pavement edge-drop and onto a gravel shoulder. A wider lane width 1433 
provides greater opportunity to maintain the vehicle on the paved surface in the 1434 
same moment of driver inattention. 1435 

Drivers, however, adapt to the road. Wider lanes appear to induce somewhat 1436 
faster travel speeds, as shown by the relationship between lane width and free flow 1437 
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speed documented in the Highway Capacity Manual.(50) Wider lanes may also lead to 1438 
closer following.  1439 

It is difficult to separate the effect of lane width from the crash effect of other 1440 
cross-section elements, e.g., shoulder width, shoulder type, etc.(20) In addition, lane 1441 
width likely plays a different role for two-lane versus multilane roads.(20) Finally, 1442 
increasing the number of lanes on a roadway segment increases the crossing distance 1443 
for pedestrians, and increases the exposure of pedestrians to vehicles. 1444 

Shoulders 1445 

Shoulders are intended to perform several functions including: provide a 1446 
recovery area for out-of-control vehicles, provide an emergency stopping area, and 1447 
improve the pavement surface’s structural integrity.(23) 1448 

The main purposes of paving shoulders are: to protect the physical road 1449 
structure from water damage, to protect the shoulder from erosion by stray vehicles, 1450 
and to enhance the controllability of stray vehicles. Fully paved shoulders, however, 1451 
generate some voluntary stopping. More than 10% of all fatal freeway accidents are 1452 
associated with stopped-on-shoulder vehicles or maneuvers associated with leaving 1453 
and returning to the outer lane. (23) 1454 

Some concerns when increasing shoulder width include: 1455 

 Wider shoulders may result in higher operating speeds which, in turn, may 1456 
impact accident severity; 1457 

 Steeper side or backslopes may result from wider roadway width and 1458 
limited right-of-way; and, 1459 

 Drivers may choose to use the wider shoulder as a travel lane. 1460 

Medians 1461 

Medians are intended to perform several functions. Some of the main functions 1462 
are: separate opposing traffic, provide a recovery area for out-of-control vehicles, 1463 
provide an emergency stopping area, and allow space for speed change lanes and 1464 
storage of left-turning and U-turning vehicles.(2) Medians may be depressed, raised, 1465 
or flush with the road surface.  1466 

Some additional considerations when providing medians or increasing median 1467 
width include: 1468 

 Wider grassed medians may result in higher operating speeds which, in 1469 
turn, may impact accident severity; 1470 

 The buffer area between private development along the road and the 1471 
traveled way may have to be narrowed; and, 1472 

 Vehicles require increased clearance time to cross the median at signalized 1473 
intersections. 1474 

Geometric design standards for medians on roadway segments are generally 1475 
based on the setting, amount of traffic, right-of-way constraints and, over time, the 1476 
revision of design standards towards more generous highway design standards.(3) 1477 
Median design decisions include whether a median should be provided, how wide 1478 
the median should be, the shape of the median, and whether to provide a median 1479 
barrier.(24) These interrelated design decisions make it difficult to extract the effect on 1480 
expected average crash frequency of median width and/or median type from the 1481 
effect of other roadway and roadside elements.  1482 



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

Part D / Accident Modification Factors  Page 13-63 
Chapter 13—Roadway Segments 

In addition, median width and type likely play a different role in urban versus 1483 
rural areas, and for horizontal curves versus tangent sections. 1484 

The effects on expected average crash frequency of two-way left-turn lanes (a 1485 
type of “median”) are discussed in Chapter 16.  1486 

A.2.2 Roadway Element Treatments with no AMFs - Trends in Crashes 1487 
or User Behavior  1488 

A.2.2.1 Increase Median Width 1489 

On divided highways, median width includes the left shoulder, if any. 1490 

Freeways, and expressways 1491 

Increasing median width appears to decrease cross-median collisions.(24) 1492 
However, no conclusive results about the crash effects for other collision types were 1493 
found for this edition of the HSM.  1494 

A.3 ROADSIDE ELEMENTS  1495 

A.3.1 General Information 1496 

Roadside Geometry 1497 

Roadside geometry refers to the physical layout of the roadside, such as curbs, 1498 
foreslopes, backslopes, and transverse slopes. 1499 

The AASHTO Roadside Design Guide defines the “clear zone” as the “total roadside 1500 
border area, starting at the edge of the traveled way, available for safe use by errant vehicles. 1501 
This area may consist of a shoulder, a recoverable slope, a non-recoverable slope, and/or a clear 1502 
run-out area.”(3)  The clear zone is illustrated in Exhibit 13-72. 1503 

 1504 

 1505 

 1506 

 1507 

 1508 

 1509 

 1510 

 1511 

 1512 

 1513 

 1514 
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Exhibit 13-72: Clear Zone Distance with Example of a Parallel Foreslope Design(3) 1515 

 1516 
NOTE: * The Clear Runout Area is additional clear-zone space that is needed because a portion of the required 1517 

Clear Zone (shaded area) falls on a non-recoverable slope.  The width of the Clear Runout Area is equal 1518 
to that portion of the Clear Zone Distance located on the non-recoverable slope. 1519 

 1520 

Designing a roadside environment to be clear of fixed objects with stable 1521 
flattened slopes is intended to increase the opportunity for errant vehicles to regain 1522 
the roadway safely, or to come to a stop on the roadside. This type of roadside 1523 
environment, called a “forgiving roadside”, is also designed to reduce the chance of 1524 
serious consequences if a vehicle leaves the roadway. The concept of a “forgiving 1525 
roadside” is explained in the AASHTO Roadside Design Guide.(3)  1526 

The AASHTO Roadside Design Guide contains substantial information that can 1527 
be used to determine the clear zone distance for roadways based on traffic volumes 1528 
and speeds. The AASHTO Roadside Design Guide also presents a decision process 1529 
that can be used to determine whether a treatment is suitable for a given fixed object 1530 
or non-traversable terrain feature.(3) 1531 

While there are positive safety benefits to the clear zone, there is no single clear 1532 
zone width that defines maximum safety since the distance traveled by errant 1533 
vehicles may exceed any given width. It is generally accepted that a wider clear zone 1534 
creates a safer environment for potentially errant vehicles, up to some cost-effective 1535 
limit beyond which very few vehicles will encroach.(42) In most cases, however, 1536 
numerous constraints limit the available clear zone.  1537 

Roadside Features 1538 

Roadside features include signs, signals, luminaire supports, utility poles, trees, 1539 
driver aid call boxes, railroad crossing warning devices, fire hydrants, mailboxes, and 1540 
other similar roadside features.  1541 

The AASHTO Roadside Design Guide contains information about the placement of 1542 
roadside features, criteria for breakaway supports, base designs, etc.(3) When removal 1543 
of hazardous roadside features is not possible, the objects may be relocated farther 1544 
from the traffic flow, shielded with roadside barriers, or replaced with breakaway 1545 
devices.(42) 1546 

Providing barriers in front of roadside features that cannot be relocated is 1547 
discussed in Section 13.5.2.5. 1548 

Roadside Barriers 1549 

Roadside barriers are also known as guardrails or guiderails. 1550 
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A roadside barrier is “a longitudinal barrier used to shield drivers from natural or 1551 
man-made obstacles located along either side of a traveled way. It may also be used to protect 1552 
bystanders, pedestrians, and cyclists from vehicular traffic under special conditions.”(3)  1553 
Warrants for barrier installation can be found in the AASHTO Roadside Design 1554 
Guide. The AASHTO Roadside Design Guide also sets out performance 1555 
requirements, placement guidelines, and a methodology for identifying and 1556 
upgrading existing installations.(3) 1557 

Barrier end treatments or terminals are “normally used at the end of a roadside 1558 
barrier where traffic passes on one side of the barrier and in one direction only. A crash 1559 
cushion is normally used to shield the end of a median barrier or a fixed object located in a 1560 
gore area. A crash cushion may also be used to shield a fixed object on either side of a roadway 1561 
if a designer decides that a crash cushion is more cost-effective than a traffic barrier.”(3)  1562 

The AASHTO Roadside Design Guide contains information about barrier types, 1563 
barrier end treatment and crash cushion installation warrants, structural and 1564 
performance requirements, selection guidelines, and placement recommendations.(3) 1565 

Roadside Hazard Rating 1566 

The AASHTO Roadside Design Guide discusses clear zone widths related to speed, 1567 
traffic volume, and embankment slope. The Roadside Hazard Rating (RHR) system 1568 
considers the clear zone in conjunction with the roadside slope, roadside surface 1569 
roughness, recoverability of the roadside, and other elements beyond the clear zone 1570 
such as barriers or trees.(19) As the RHR increases from 1 to 7, the crash risk for 1571 
frequency and/or severity increases.  1572 

Exhibit 13-73 through Exhibit 13-79 are photographs illustrating the seven RHR 1573 
levels. In the safety prediction procedure for two-lane rural roads (Chapter 10), 1574 
roadside design is described by the RHR. 1575 

Exhibit 13-73: Typical Roadway with Roadside Hazard Rating of 1 1576 

 1577 
 Clear zone greater than or equal to 30 ft sideslope flatter than 1V:4H, recoverable. 1578 
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 1579 

Exhibit 13-74: Typical Roadway with Roadside Hazard Rating of 2 1580 

 1581 
Clear zone between 20 and 25 ft; sideslope about 1V:4H, recoverable. 1582 

 1583 

Exhibit 13-75: Typical Roadway with Roadside Hazard Rating of 3 1584 

 1585 
Clear zone about 10 ft; sideslope about 1V:3H, marginally recoverable. 1586 

 1587 
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Exhibit 13-76: Typical Roadway with Roadside Hazard Rating of 4 1588 

 1589 
Clear zone between 5 and 10 ft; sideslope about 1V:3H or 1V:4H, marginally 1590 
forgiving, increased chance of reportable roadside crash. 1591 

Exhibit 13-77: Typical Roadway with Roadside Hazard Rating of 5 1592 

  1593 
Clear zone between 5 and 10 ft; sideslope about 1V:3H, virtually non-1594 
recoverable. 1595 

 1596 
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Exhibit 13-78: Typical Roadway with Roadside Hazard Rating of 6 1597 

  1598 
Clear zone less than or equal to 5 ft; sideslope about 1V:2H, non-recoverable. 1599 

Exhibit 13-79: Typical Roadway with Roadside Hazard Rating of 7 1600 

  1601 
Clear zone less than or equal to 5 ft; sideslope about 1V:2H or steeper, non-1602 
recoverable with high likelihood of severe injuries from roadside crash. 1603 

 1604 

A.3.2 Roadside Element Treatments with no AMFs - Trends in Crashes 1605 
or User Behavior  1606 

A.3.2.1 Install Median Barrier 1607 

Freeways 1608 

Installing a median barrier appears to have a positive crash effect in narrow 1609 
medians up to 36-ft wide. The crash effect appears to diminish on wider medians.(24) 1610 
However, the magnitude of the crash effect is not certain at this time. 1611 
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A.3.2.2 Increase Clear Roadside Recovery Distance 1612 

Rural two-lane roads 1613 

Increasing the clear roadside recovery distance appears to reduce related 1614 
accident types (i.e., run-off-road, head-on, and sideswipe accidents).(40,42) The 1615 
magnitude of the crash effect is not certain at this time but depends on the clear 1616 
roadside recovery distance before and after treatment. Current guidance on the 1617 
roadside design and clear zones is provided in the AASHTO Roadside Design 1618 
Guide.(3) 1619 

A.3.2.3 Install Curb 1620 

The AASHTO Policy on Geometric Design of Highways and Streets states that  1621 
“a curb, by definition, incorporates some raised or vertical element.”(20) Curbs are used 1622 
primarily on low-speed urban highways, generally with a design speed of 45 mph or 1623 
less.(20) 1624 

There are two curb design types: vertical and sloping. Vertical curbs are 1625 
designed to deter vehicles from leaving the roadway. Sloping curbs, also called 1626 
“mountable curbs,” are designed to permit vehicles to cross the curbs readily when 1627 
needed.(1) Materials that may be used to construct curbs include cement concrete, 1628 
granite, and bituminous (asphalt) concrete.  1629 

While cement concrete and bituminous (asphalt) concrete curbs are used 1630 
extensively, it should be noted that the appearance of these types of curbs offers little 1631 
visible contrast to normal pavements particularly during foggy conditions or at night 1632 
when surfaces are wet. The visibility of curbs may be improved by attaching 1633 
reflectorized markers to the top of the curb. Visibility may also be improved by 1634 
marking curbs with reflectorized materials such as paints and thermoplastics in 1635 
accordance with MUTCD guidelines.(1)   1636 

Urban arterials and suburban arterials 1637 

Installing curbs instead of narrow (2 to 3-ft) flush shoulders on urban four-lane 1638 
undivided roads appears to increase off-the-road and on-the-road accidents of all 1639 
severities.(25) Installing curbs instead of narrow flush shoulders on suburban multi-1640 
lane highways appears to increase accidents of all types and severities.(25) However, 1641 
the magnitude of the crash effect is not certain at this time. 1642 

A.3.2.4 Increase Distance to Utility Poles and Decrease Utility Pole 1643 
Density 1644 

Rural two-lane roads, rural multi-lane highways, freeways, expressways, urban and 1645 
suburban arterials 1646 

As the distance between the roadway edgeline and the utility pole, or utility pole 1647 
offsets, is increased and utility pole density is reduced, utility pole accidents appear 1648 
to be reduced.(35) Relocating utility poles from less than 10-ft to more than 10-ft from 1649 
the roadway appears to provide a greater decrease in crashes than relocating utility 1650 
poles that are beyond 10-ft from the roadway edge.(35) As the pole offset increases 1651 
beyond 10-ft, the safety benefits appear to continue.(35) However, the magnitude of 1652 
the crash effect is not certain at this time.  1653 

Placing utility lines underground, increasing pole offsets, and reducing pole 1654 
density through multiple-use poles results in fewer roadside features for an errant 1655 
vehicle to strike. These treatments may also reduce utility pole accidents.(53) However, 1656 
the magnitude of the crash effect is not certain at this time. 1657 
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A.3.2.5 Install Roadside Barrier along Embankment 1658 

Rural two-lane roads, rural multi-lane highways, freeways, expressways, urban and 1659 
suburban arterials  1660 

Installing roadside barriers along embankments appears to reduce the number of 1661 
fatal and injury run-off-road accidents and the number of run-off-road accidents of 1662 
all severities.(13)  However, the magnitude of the crash effect is not certain at this time. 1663 

It is expected that the crash effect of installing roadside barriers is related to 1664 
existing roadside features and roadside geometry. 1665 

The AASHTO Roadside Design Guide contains information about barrier types, 1666 
barrier end treatment and crash cushion installation warrants, structural and 1667 
performance requirements, selection guidelines, and placement recommendations.(3) 1668 

A.4 ALIGNMENT ELEMENTS  1669 

A.4.1 General Information 1670 

Horizontal Alignment 1671 

Several elements of horizontal alignment are believed to be associated with crash 1672 
occurrence on horizontal curves. These elements include internal features (e.g., 1673 
radius or degree of curve, superelevation, spiral, etc.) and external features (e.g., 1674 
density of curves upstream, length of preceding tangent sections, sight distance, 1675 
etc.).(22) 1676 

Vertical Alignment 1677 

Vertical alignment is also known as grade, gradient, or slope. The vertical 1678 
alignment of a road is believed to affect crash occurrence in several ways. These 1679 
include:(21) 1680 

 Average speed: Vehicles tend to slow down going upgrade and speed up 1681 
going downgrade. Speed is known to affect accident severity. As more 1682 
severe accidents are more likely than minor accidents to be reported to the 1683 
police and to be entered into crash databases, the number of reported 1684 
accidents likely depends on speed and grade.  1685 

 Speed differential: It is generally believed that accident frequency increases 1686 
when speed differential increases. Since road grade affects speed differential, 1687 
vertical alignment may also affect accident frequency through speed 1688 
differentials.   1689 

 Braking distance: This is also affected by grade. Braking distance may 1690 
increase on a downgrade and decrease on an upgrade. A longer braking 1691 
distance consumes more of the sight distance available before the driver 1692 
reaches the object that prompted the braking. In other words, the longer 1693 
braking distances associated with downgrades require the driver to perceive, 1694 
decide and react in less time. 1695 

 Drainage: Vertical alignment influences the way water drains from the 1696 
roadway or may pond on the road. A roadway surface that is wet or subject 1697 
to ponding may have an effect on safety. 1698 

For some of these elements (e.g., drainage) the distinction between upgrade and 1699 
downgrade is not necessary. For others, e.g., average speed, the distinction between 1700 
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upgrade and downgrade may be more relevant, although for many roads, an 1701 
upgrade for one direction of travel is a downgrade for the other.  1702 

Grade length may also influence the grade’s safety. While speed may not be 1703 
affected by a short downgrade, it may be substantially affected by a long 1704 
downgrade.(21) 1705 

In short, the crash effect of grade can be understood only in the context of the 1706 
road profile and its influence on the speed distribution profile.(21) 1707 

A.4.2 Alignment Treatments with no AMFs - Trends in Crashes or User 1708 
Behavior 1709 

A.4.2.1 Modify Tangent Length Prior to Curve 1710 

When a long tangent is followed by a sharp curve (i.e. radius less than 1,666-ft), 1711 
the number of accidents on the horizontal curve appears to increase.(21) The crash 1712 
effect appears to be related to the length of the tangent in advance of the curve and 1713 
the curve radius. However, the magnitude of the crash effect is not certain at this 1714 
time.  1715 

A.4.2.2 Modify Horizontal Curve Radius 1716 

Urban and suburban arterials 1717 

Increasing the degree of horizontal curvature has been shown to increase injury 1718 
and non-injury off-the-road accidents on urban and suburban arterials.(25)  1719 

A.5 ROADWAY SIGNS 1720 

A.5.1 Roadway Sign Treatments with no AMFs - Trends in Crashes or 1721 
User Behavior 1722 

A.5.1.1 Install Signs to Conform to MUTCD 1723 

The MUTCD defines the standards highway agencies nationwide use to install 1724 
and maintain traffic control devices on all streets and highways, but not all signs 1725 
meet MUTCD standards. For example, the signs may have been installed several 1726 
years ago. 1727 

Urban local street 1728 

Replacing older, non-standard signs to conform to current MUTCD standards 1729 
has been shown to reduce the number of injury accidents.(7) The crash effect on non-1730 
injury accidents may consist of an increase, decrease, or no change in non-injury 1731 
accidents. (7) 1732 

 1733 
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A.6 ROADWAY DELINEATION  1734 

A.6.1 Roadway Delineation Treatments with no AMFs - Trends in 1735 
Crashes or User Behavior  1736 

A.6.1.1 Install Chevron Signs on Horizontal Curves 1737 

Curve radius and curve angle are important predictors of travel speed through 1738 
horizontal curves.(6) Driver responses indicate that the deflection angle of a curve is 1739 
more important than the radius in determining approach speed.(6) 1740 

For these reasons, chevron markers which delineate the entire curve angle are 1741 
generally recommended on sharp curves (with deflection angles greater than 7 1742 
degrees) and are preferable to RPMs on sharp curves.(6) 1743 

Urban and suburban Arterials 1744 

Installing chevron signs on horizontal curves in an urban or suburban arterials 1745 
appears to reduce accidents of all types. However, the magnitude of the crash effect 1746 
is not certain at this time.  1747 

A.6.1.2 Provide Distance Markers 1748 

Distance markers are chevrons or other symbols painted on the travel lane 1749 
pavement surface to help drivers maintain an adequate following distance from 1750 
vehicles traveling ahead.(13) 1751 

Freeways 1752 

On freeways (with unspecified traffic volumes) this treatment appears to reduce 1753 
injury accidents.(13) However, the magnitude of the crash effect is not certain at this 1754 
time.  1755 

A.6.1.3 Place Converging Chevron Pattern Markings 1756 

A converging chevron pattern marking may be applied to the travel lane 1757 
pavement surface to reduce speeds by creating the illusion that the vehicle is 1758 
speeding and the road is narrowing. The chevron is in the shape of a “V” that points 1759 
in the direction of travel. 1760 

Urban and suburban Arterials  1761 

On urban and suburban arterials with unspecified traffic volumes, converging 1762 
chevron pattern markings appear to reduce all types of accidents of all severities.(16) 1763 
However, the magnitude of the crash effect is not certain at this time. 1764 

A.6.1.4 Place Edgeline and Directional Pavement Markings on 1765 
Horizontal Curves 1766 

Rural two-lane roads  1767 

On rural two-lane roads with AADT volumes less than 5,000, edgeline with 1768 
directional pavement markings appear to reduce injury accidents of the single-1769 
vehicle run-off-road type.(13) However, the magnitude of the crash effect is not certain 1770 
at this time. 1771 
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A.7 RUMBLE STRIPS 1772 

A.7.1  Rumble Strip Treatments with no AMFs - Trends in Crashes or 1773 
User Behavior 1774 

A.7.1.1 Install Continuous Shoulder Rumble Strips and Wider Shoulders 1775 

Freeways 1776 

On freeways, this treatment appears to decrease accidents of all types and all 1777 
severities.(17) However, the magnitude of the crash effect is not certain at this time. 1778 

A.7.1.2 Install Transverse Rumble Strips 1779 

Transverse rumble strips (also called “in-lane” rumble strips or “rumble strips in 1780 
the traveled way”) are installed across the travel lane perpendicular to the direction 1781 
of travel to warn drivers of an upcoming change in the roadway. Transverse rumble 1782 
strips are designed so that each vehicle will encounter them. Transverse rumble strips 1783 
have been used as part of traffic calming or speed management programs, in work 1784 
zones, and in advance of toll plazas, intersections, railroad-highway grade crossings, 1785 
bridges and tunnels. 1786 

There are currently no national guidelines for the application of transverse 1787 
rumble strips. There are concerns that drivers will cross into opposing lanes of traffic 1788 
in order to avoid transverse rumble strips. As in the case of other rumble strips, there 1789 
are concerns about noise, motorcyclists, bicyclists, and maintenance. 1790 

Rural two-lane roads 1791 

Installing transverse rumble strips in conjunction with raised pavement markers 1792 
on rural two-lane roads on the approach to horizontal curves appears to reduce all 1793 
accident types combined, as well as wet and nighttime accidents of all severities. 1794 
However, the magnitude of the crash effect is not certain at this time.(4) 1795 

A.7.1.3 Install Centerline Rumble Strips and Centerline Markings 1796 

There is debate about the effect of placing centerline markings on top of 1797 
centerline rumble strips. According to some, the retroreflectivity of the centerline 1798 
marking is not reduced if the line is painted on top of the rumble strip; it may even be 1799 
enhanced. Others conclude it can make it harder to see the centerline marking, 1800 
particularly if debris (e.g. snow, salt, sand) settles in the rumble strip groove. No 1801 
conclusive results about the crash effects of the placement of centerline markings in 1802 
relation to centerline rumble strips were found for this edition of the HSM. 1803 

A.8 TRAFFIC CALMING  1804 

A.8.1 General Information 1805 

Traffic calming elements are generally applied to two-lane roads with a speed 1806 
limit of 30 to 35 mph. The environment is urban, often consisting of a mixture of 1807 
residential and commercial land use. The road segments treated are typically about 1808 
0.6 miles long with two lanes and a high access density. Common traffic calming 1809 
elements include: 1810 

 Narrowing driving lanes; 1811 
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 Installing chokers or curb bulbs (curb extensions); 1812 

 Using cobblestones in short sections of the road; 1813 

 Providing raised crosswalks or speed humps; 1814 

 Installing transverse rumble strips, usually at the start of the treated 1815 
roadway segment; and, 1816 

 Providing on-street parking. 1817 

A.8.2 Traffic Calming Treatments with no AMFs - Trends in Crashes or 1818 
User Behavior 1819 

A.8.2.1 Install Transverse Rumble Strips on Intersection Approaches 1820 

Urban and suburban arterials 1821 

On urban and suburban two-lane roads, this treatment appears to reduce 1822 
accidents of all severities.(13) However, the magnitude of the crash effect is not certain 1823 
at this time.  1824 

A.8.2.2 Apply Several Traffic Calming Measures to a Road Segment 1825 

Urban arterials 1826 

Applying traffic calming measures on two-lane urban roads with AADT traffic 1827 
volumes of 6,000 to 8,000 appears to decrease the number of accidents of all severities 1828 
and of injury severity.(13) Non-injury accidents may also experience a reduction with 1829 
the implementation of traffic calming. 1830 

Accident migration is a possible result of traffic calming. Drivers who are forced 1831 
by traffic calming measures to slow down may try to “catch up” by speeding once 1832 
they have passed the traffic calmed area. However, the crash effects are not certain at 1833 
this time. 1834 

A.9 ROADWAY TREATMENTS FOR PEDESTRIANS AND BICYCLISTS 1835 

A.9.1 Pedestrian and Bicycle Treatments with no AMFs - Trends in 1836 
Crashes or User Behavior  1837 

A.9.1.1 Provide a Sidewalk or Shoulder 1838 

 “Walking along roadway” pedestrian crashes tend to occur at night where no 1839 
sidewalks or paved shoulders exist. Higher speed limits and higher traffic volumes 1840 
are believed to increase the risk of “walking along roadway” pedestrian crashes on 1841 
roadways without a sidewalk or wide shoulder.(39) 1842 

Urban arterials 1843 

Compared to roadways without a sidewalk or wide shoulder, the provision of a 1844 
sidewalk or wide shoulder (4-ft or wider) on urban roads appears to reduce the risk 1845 
of “walking along roadway” pedestrian crashes.(39) Providing sidewalks, shoulders or 1846 
walkways is likely to reduce certain types of pedestrian crashes, e.g. where 1847 
pedestrians walk along roadways and may be struck by a motor vehicle.(30) 1848 
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Residential streets and streets with higher pedestrian exposure have been shown 1849 
to benefit most from the provision of pedestrian facilities such as sidewalks or wide 1850 
grassy shoulders.(33,39) 1851 

Compared to roads with sidewalks on one side, roads with sidewalks on both 1852 
sides appear to reduce the risk of pedestrian crashes.(48)  1853 

Compared to roads with no sidewalks at all, roads with sidewalks on one side 1854 
appear to reduce the risk of pedestrian crashes.(48)  1855 

A.9.1.2 Install Raised Pedestrian Crosswalks 1856 

Raised pedestrian crosswalks are applied most often on local urban two-lane 1857 
streets in residential or commercial areas. Raised pedestrian crosswalks may be 1858 
applied at intersections or mid-block. Raised pedestrian crosswalks are one of many 1859 
traffic calming treatments.  1860 

Urban and suburban arterials 1861 

On urban and suburban two-lane roads, raised pedestrian crosswalks appear to 1862 
reduce injury accidents.(13) It is reasonable to conclude that raised pedestrian 1863 
crosswalks have an overall positive effect on crash occurrence since they are designed 1864 
to reduce vehicle operating speed.(13) However, the magnitude of the crash effect is 1865 
not certain at this time. 1866 

Combining a raised pedestrian crosswalk with an overhead flashing beacon 1867 
appears to increase driver yielding behavior. (27)  1868 

A.9.1.3 Install Pedestrian-Activated Flashing Yellow Beacons with 1869 
Overhead Signs  1870 

Urban and suburban arterials 1871 

Pedestrian-activated yellow beacons are sometimes used in Europe to alert 1872 
drivers to pedestrians who are crossing the roadway. Overhead pedestrian signs with 1873 
flashing yellow beacons appear to result in drivers yielding to pedestrians more 1874 
often.(28,43,44) The impact appears to be minimal, possibly because: 1875 

 Yellow warning beacons are not exclusive to pedestrian crossings, and 1876 
drivers do not necessarily expect a pedestrian when they see an overhead 1877 
flashing yellow beacon.  1878 

 Drivers learn that many pedestrians are able to cross the road more quickly 1879 
than the timing on the beacon provides. Motorists may come to think that a 1880 
pedestrian has already finished crossing the road if a yielding or stopped 1881 
vehicle blocks the pedestrian from sight. 1882 

A.9.1.4 Install Pedestrian-Activated Flashing Yellow Beacons with 1883 
Overhead Signs and Advance Pavement Markings 1884 

Urban and suburban arterials 1885 

Pedestrian-activated yellow beacons with overhead signs and advance pavement 1886 
markings are sometimes used to alert drivers to pedestrians who are crossing the 1887 
roadway. The pavement markings consist of a large white “X” in each traffic lane. 1888 
The “X” is 20-ft long and each line is 12 to 20 inches wide. The “X” is positioned 1889 
approximately 100-ft in advance of the crosswalk. The crosswalk is at least 8-ft wide 1890 
with edgelines 6 to 8 inches wide.(9)  1891 
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Compared to previously uncontrolled crosswalks, this type of pedestrian 1892 
crossing may decrease pedestrian fatalities.(9) However, the magnitude of the crash 1893 
effect is not certain at this time. The following undesirable behavior patterns were 1894 
observed at these crossings:(9) 1895 

 Some pedestrians step off the curb without signaling to drivers that they 1896 
intend to cross the road. These pedestrians appear to assume that vehicles 1897 
will stop very quickly. 1898 

 Some drivers initiate overtaking maneuvers before reaching the crosswalk. 1899 
This behavior suggests that improved education and enforcement are 1900 
needed. 1901 

A.9.1.5 Install overhead electronic signs with pedestrian-activated 1902 
crosswalk flashing beacons 1903 

Urban arterials 1904 

Overhead electronic pedestrian signs with pedestrian-activated crosswalk 1905 
flashing beacons are generally used at marked crosswalks, usually in urban areas.  1906 

The overhead electronic pedestrian signs have animated light-emitting diode 1907 
(LED) eyes that indicate to drivers the direction from which a pedestrian is crossing. 1908 
The provision of pedestrian crossing direction information appears to increase driver 1909 
yielding behavior.(41,51) This treatment is generally implemented at marked 1910 
crosswalks, usually in urban areas.  1911 

Pedestrian-activated crosswalk flashing beacons located at the crosswalk or in 1912 
advance of the crosswalk may increase the percentage of drivers that yield to 1913 
pedestrians in the crosswalk. Two options for this treatment are: 1914 

 An illuminated sign with the standard pedestrian symbol next to the 1915 
beacons; and, 1916 

 Signs placed 166.7-ft before the crosswalk. The signs display the standard 1917 
pedestrian symbol and request drivers to yield when the beacons are 1918 
flashing. 1919 

Both options appear to increase driver yielding behavior. Both options together 1920 
appear to have more effect on behavior than either option alone. Only the second 1921 
option appears to be effective in reducing vehicle-pedestrian conflicts.(51)  1922 

The effectiveness of specific variations of this treatment is likely a result of: 1923 

 Actuation: By displaying the pedestrian symbol and having the beacons 1924 
flash only when a pedestrian is in the crosswalk, the treatment may have 1925 
more impact than continuously flashing signs. 1926 

 Pedestrian crossing direction information: By indicating the direction from 1927 
which a pedestrian is crossing, the treatment prompts drivers to be alert and 1928 
to look in the appropriate direction. 1929 

 Multiple pedestrians: By indicating multiple directions when pedestrians are 1930 
crossing from two directions simultaneously, the treatment prompts drivers 1931 
to be alert and to be aware of the presence of multiple pedestrians.(51) 1932 
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A.9.1.6 Reduce Posted Speed Limit through Schools Zones during 1933 
School Times 1934 

Rural two-lane road, rural multi-lane highway, urban and suburban arterial 1935 

Reducing the posted speed through school zones is accomplished using signage, 1936 
such as “25 MPH WHEN FLASHING,” in conjunction with yellow flashing 1937 
beacons.(9) No conclusive results about the crash effects of this treatment were found 1938 
for this edition of the HSM. The treatment appears to result in a small reduction of 1939 
vehicle operating speeds, and may not be effective in reducing vehicle speeds to the 1940 
reduced posted speed limit.(9) In rural locations, this treatment may increase speed 1941 
variance which is an undesirable result.(9) 1942 

School crossing guards and police enforcement used in conjunction with this 1943 
treatment may increase driver compliance with speed limits.(9)  1944 

A.9.1.7 Provide Pedestrian Overpass and Underpass 1945 

Urban arterials 1946 

Overpass usage depends on walking distances and the convenience of the 1947 
overpass to potential users.(9) The convenience of using a pedestrian overpass can be 1948 
determined from the ratio of the time it takes to cross the street on an overpass 1949 
divided by the time it takes to cross at street level. It appears that about 95% of 1950 
pedestrians will use an overpass if this ratio is 1, meaning that it takes the same 1951 
amount of time to cross using the overpass as the time to cross at street level. It 1952 
appears that if the overpass route takes 50% longer, very few pedestrians will use it. 1953 
Similar time ratios suggest that the use of underpasses by pedestrians is less than the 1954 
use of overpasses.(9) 1955 

Pedestrian overpasses and underpasses provide grade-separation, but they are 1956 
expensive structures and may not be used by pedestrians if they are not perceived to 1957 
be safer and more convenient than street-level crossing. 1958 

Providing pedestrian overpasses appears to reduce pedestrian crashes, although 1959 
vehicular accidents may increase slightly near the overpass.(9) However, the 1960 
magnitude of the crash effect is not certain at this time. 1961 

A.9.1.8 Mark Crosswalks at Uncontrolled Locations, Intersections, or 1962 
Mid-block 1963 

Urban and suburban arterial 1964 

At uncontrolled locations on two-lane roads and multi-lane roads with AADT 1965 
less than 12,000, a marked crosswalk alone, compared with an unmarked crosswalk, 1966 
appears to have no statistically significant effect on the pedestrian crash rate, 1967 
measured as pedestrian crashes per million crossings.(9) Marking pedestrian 1968 
crosswalks at uncontrolled locations on two- or three-lane roads with speed limits 35 1969 
to 40 mph and less than 12,000 AADT appears to have no measurable effect on either 1970 
pedestrian or motorist behavior.(34) Crosswalk usage appears to increase after 1971 
markings are installed. Pedestrians walking alone appear to tend to stay within the 1972 
marked lines of the crosswalk, especially at intersections, while pedestrian groups 1973 
appear to take less notice of the markings. There is no evidence that pedestrians are 1974 
less vigilant or more assertive in the crosswalk after markings are installed.(34) 1975 

At uncontrolled locations on multi-lane roads with AADT greater than 12,000, a 1976 
marked crosswalk alone, without other crosswalk improvements, appears to result in 1977 
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a statistically significant increase in pedestrian crash rates compared to uncontrolled 1978 
sites with an unmarked crosswalk.(54) 1979 

Marking pedestrian crosswalks at uncontrolled intersection approaches with a 35 1980 
mph speed limit on recently resurfaced roadways appears to slightly reduce vehicle 1981 
approach speeds.(52) Drivers at lower speeds are generally more likely to stop and 1982 
yield to pedestrians than higher-speed motorists. (7) 1983 

When deciding whether to mark or not mark crosswalks, these results indicate 1984 
the need to consider the full range of other elements related to pedestrian needs 1985 
when crossing the roadway .(54)  1986 

A.9.1.9 Use Alternative Crosswalk Markings at Mid-block Locations 1987 

Urban and suburban arterials 1988 

Crosswalk markings may consist of zebra markings, ladder markings, or simple 1989 
parallel bars. There appears to be no statistically significant difference in pedestrian 1990 
crash risk between the alternative crosswalk markings available.  1991 

A.9.1.10 Use Alternative Crosswalk Devices at Mid-block Locations 1992 

Urban and suburban arterials 1993 

Zebra and Pelican 1994 

Signalized Pelican crossings allow for the smooth flow of vehicular traffic in 1995 
areas of heavy pedestrian activity. Both traffic engineers and the public seem to feel 1996 
that Pelican crossings reduce the risk to pedestrians because drivers are controlled by 1997 
signals.  1998 

Replacing Zebra crossings with Pelican crossings does not necessarily cause a 1999 
reduction in crashes or increase convenience for pedestrians, and may sometimes 2000 
increase accidents due to increased pedestrian activity at one location, among other 2001 
factors.(12) In traffic-calmed areas, Zebra crossings seem to be gaining in popularity as 2002 
they give pedestrians priority over vehicles, are less expensive than signalization, 2003 
and are more visually appealing. 2004 

Exhibit 13-80 and Exhibit 13-81 present examples of Zebra and Pelican crossings. 2005 

Exhibit 13-80: Zebra Crossing 2006 

 2007 
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 2008 

Exhibit 13-81: Pelican Crossing 2009 

 2010 
Puffin 2011 

It appears that, with some modifications at Puffin crossings, pedestrians are 2012 
more likely to look at on-coming traffic rather than looking across the street to where 2013 
the pedestrian signal head would be located on a Pelican crossing signal.(12) Puffin 2014 
crossings may result in fewer major pedestrian crossing errors, such as crossing 2015 
during the green phase for vehicles. This may be a result of the reduced delay to 2016 
pedestrians at Puffin crossings. Minor pedestrian crossing errors, such as starting to 2017 
cross at the end of the pedestrian phase, may increase.(12) Exhibit 13-82 presents an 2018 
example of a Puffin crossing. 2019 

 2020 

Exhibit 13-82: Puffin Crossing 2021 

 2022 
Toucan 2023 

Responses from pedestrians and cyclists using Toucan crossings have been 2024 
generally favorable despite problems with equipment reliability. No safety or 2025 
practical issues have been reported for pedestrians where bicyclists are allowed to 2026 
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share a marked pedestrian crosswalk.(12) Exhibit 13-83 presents an example of a 2027 
Toucan crossing. 2028 

Exhibit 13-83: Toucan Crossing 2029 

 2030 
 2031 

A.9.1.11 Provide a Raised Median or Refuge Island at Marked and 2032 
Unmarked Crosswalks 2033 

Urban and Suburban Arterials 2034 

On multi-lane roads with either marked or unmarked crosswalks at both 2035 
midblock and intersection locations, providing a raised median or refuge island 2036 
appears to reduce pedestrian crashes.  2037 

On urban or suburban multi-lane roads with marked crosswalks, 4 to 8 lanes 2038 
wide with an AADT of 15,000 or more, the pedestrian crash rate is lower with a 2039 
raised median than without a raised median.(54) However, the magnitude of the crash 2040 
effect is not certain at this time. 2041 

For similar sites at unmarked crosswalk locations, the pedestrian crash rate3 is 2042 
lower with a raised median than without a raised median.(54) However, the 2043 
magnitude of the crash effect is not certain at this time. 2044 

A.9.1.12 Provide a Raised or Flush Median or Center Two-way Left-turn 2045 
Lane at Marked and Unmarked Crosswalks  2046 

Urban and Suburban Arterials 2047 

A flush median (painted but not raised) or a center two-way-left-turn lane 2048 
(TWLTL) on urban or suburban multi-lane roads with 4 to 8 lanes and AADT of 2049 
15,000 or more do not appear to provide a crash benefit to pedestrians when 2050 
compared to multi-lane roads with no median at all.(54) 2051 

                                                             

3 Pedestrian crash rate is calculated as the number of pedestrian crashes per million crossings 
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Suburban arterial streets with raised curb medians appear to have lower 2052 
pedestrian crash rates as compared to TWLTL medians.(8) However, the magnitude of 2053 
the crash effect is not certain at this time. 2054 

Replacing a 6-ft painted median with a wide raised median appears to reduce 2055 
pedestrian crashes.(11) However, the magnitude of the crash effect is not certain at this 2056 
time. 2057 

A.9.1.13 Install Pedestrian Refuge Islands or Split Pedestrian Crossovers 2058 

Urban and suburban arterials 2059 

Raised pedestrian refuge islands (PRIs) may be located in the center of roads that 2060 
are 52-ft wide. The islands are approximately 6-ft wide and 36-ft long. Pedestrian 2061 
warning signs alert approaching drivers of the island. Further guidance is provided 2062 
by end island markers and keep right signs posted at both ends of the island. 2063 
Pedestrians who use the islands are advised with “Wait for Gap” and “Cross Here” 2064 
signs. Pedestrians do not have the legal right-of-way.(5) 2065 

Split pedestrian crossovers (SPXOs) provide a refuge island, static traffic signs, 2066 
an internally illuminated overhead “pedestrian crossing” sign and pedestrian-2067 
activated flashing amber beacons. Drivers approaching an activated SPXO must yield 2068 
the right-of-way to the pedestrian until the pedestrian clears the driver’s half of the 2069 
road and reaches the island. Like the pedestrian refuges described above, SPXOs 2070 
include pedestrian warning signs, keep right signs and end island markers to guide 2071 
drivers; however, the pedestrian signing reads, “Caution Push Button to Activate 2072 
Early Warning System.”(5) 2073 

PRIs appear to experience more vehicle-island crashes while SPXOs appear to 2074 
experience more vehicle-vehicle accidents.(5)  2075 

Providing a PRI appears to reduce pedestrian crashes but may increase total 2076 
accidents, as vehicles collide with the island.(5) However, the magnitude of the crash 2077 
effect is not certain at this time. 2078 

A.9.1.14 Widen Median 2079 

Urban and suburban arterials 2080 

Increasing median width on arterial roads from 4-ft to 10-ft appears to reduce 2081 
pedestrian crash rates.(46) However, the magnitude of the crash effect is not certain at 2082 
this time. 2083 

A.9.1.15 Provide Dedicated Bicycle Lanes 2084 

Urban arterials 2085 

Providing dedicated bicycle lanes in urban areas appears to reduce bicycle-motor 2086 
vehicle crashes and total crashes on roadway segments.(10,29,32,37,45,47) However, the 2087 
magnitude of the crash effect is not certain at this time. 2088 

Installing pavement markings at the side of the road to delineate a dedicated 2089 
bicycle lane appears to reduce erratic maneuvers by drivers and bicyclists. Compared 2090 
to a wide curb lane (WCL), the dedicated bicycle lane may also lead to higher levels 2091 
of comfort for both bicyclists and motor vehicle drivers.(18)  2092 

Three types of bicycle-motor vehicle accidents may be unaffected by bicycle 2093 
lanes: (1) where a bicyclist fails to stop or yield at a controlled intersection, (2) where 2094 
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a driver fails to stop or yield at a controlled intersection, and (3) where a driver 2095 
makes an improper left-turn.(37) 2096 

A.9.1.16 Provide Wide Curb Lanes (WCLs) 2097 

Urban arterials 2098 

One alternative to providing a dedicated bicycle lane is to design a wider curb 2099 
lane to accommodate both bicyclists and motor vehicles. A curb lane 12-ft wide or 2100 
more appears to improve the interaction between bicycles and motor vehicles in the 2101 
shared lane.(38) It is likely, however, that there is a lane width beyond which safety 2102 
may decrease due to driver and bicyclist misunderstanding of the shared space.(38)  2103 

Vehicles passing bicyclists on the left appear to encroach into the adjacent traffic 2104 
lane on roadway segments with WCLs more than on roadway segments with bicycle 2105 
lanes.(29,18) 2106 

Compared to WCLs with the same motor vehicle traffic volume, bicyclists appear 2107 
to ride further from the curb in bicycle lanes 5.2-ft wide or greater.(29) 2108 

A.9.1.17 Provide Shared Bus/Bicycle Lanes 2109 

Urban arterials 2110 

Compared to streets with general use lanes, and although bicycle traffic may 2111 
increase after installation of the shared bus/bicycle lane, providing shared 2112 
bus/bicycle lanes appears to reduce total crashes. (29) However, the magnitude of the 2113 
crash effect is not certain at this time. 2114 

Installing unique pavement markings to highlight the conflict area between 2115 
bicyclists and transit users at bus stops appears to encourage bicyclists to slow down 2116 
when a bus is present at the bus stop. (29) The pavement markings may reduce the 2117 
number of serious conflicts between bicyclists and transit users loading or unloading 2118 
from the bus. (29) 2119 

A.9.1.18 Re-stripe Roadway to Provide Bicycle Lane 2120 

Urban arterials 2121 

Where on-street parking exists, retrofitting the roadway to accommodate a 2122 
bicycle lane may result in the traffic lane next to the bicycle lane being somewhat 2123 
narrower than standard.  2124 

Re-striping the roadway to narrow the traffic lane to 10.5-ft (from 12-ft) in order 2125 
to accommodate a 5-ft BL next to on-street parallel parking does not appear to 2126 
increase conflicts between curb lane vehicles and bicycles. (29) The narrower curb lane 2127 
does not appear to alter bicycle lateral positioning. (29) 2128 

A.9.1.19 Pave Highway Shoulders for Bicyclist Use 2129 

Rural two-lane road and rural multi-lane highways 2130 

A paved shoulder for bicyclists is similar to a dedicated bicycle lane. The 2131 
shoulder provides separation between the bicyclists and drivers.(18) 2132 

When a paved highway shoulder is available for bicyclists and provides an 2133 
alternative to sharing a lane with drivers, the expected number of bicycle-motor 2134 
vehicle crashes appears to be reduced. However, the magnitude of the crash effect is 2135 
not certain at this time. 2136 
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Bicyclists using a paved shoulder may be at risk if drivers inadvertently drift off 2137 
the road. Shoulder rumble strips are one treatment that may be used to address this 2138 
issue.(14) Rumble strips may be designed to accommodate bicyclists.(49)  2139 

A.9.1.20 Provide Separate Bicycle Facilities 2140 

Urban arterials 2141 

Separate bicycle facilities may be provided where motor vehicle speeds or 2142 
volumes are high.(29) Providing separate off-road bicycle facilities reduces the 2143 
potential interaction between motor vehicles and bicycles.  2144 

Although bicyclists may feel safer on separate bicycle facilities compared to 2145 
bicycle lanes, the crash effects appear to be comparable along roadway segments.(36) 2146 
The crossing of separate bicycle facilities at intersections may result in an increase in 2147 
vehicle-bicycle crashes.(29) However, the magnitude of the crash effect is not certain at 2148 
this time. 2149 

A.10 ROADWAY ACCESS MANAGEMENT  2150 

A.10.1 Roadway Access Management Treatments with no AMFs – Trends 2151 
in Crashes or User Behavior 2152 

A.10.1.1 Reduce Number of Median Crossings and Intersections 2153 

Urban and suburban arterials 2154 

On urban and suburban arterials, reducing the number of median openings and 2155 
intersections appears to reduce the number of intersection and driveway-related 2156 
crashes.(15) However, the magnitude of the crash effect is not certain at this time.   2157 

A.11 WEATHER ISSUES  2158 

A.11.1 General Information 2159 

Adverse Weather and Low Visibility Warning Systems 2160 

Some transportation agencies employ advanced highway weather information 2161 
systems that warn drivers of adverse weather including icy conditions or low 2162 
visibility. These systems may include on-road systems such as flashing lights, 2163 
changeable message signs, static signs, e.g., “snow belt area”, “heavy fog area”, or in-2164 
vehicle information systems, or some combination of these elements. These warning 2165 
systems are most commonly used on freeways and on roads passing through 2166 
mountains or other locations that may experience unusually severe weather.  2167 

Snow, Slush, and Ice Control 2168 

It is generally accepted that snow, slush or ice on a road increases the number of 2169 
expected accidents. By improving winter maintenance standards, it may be possible 2170 
to mitigate the expected increase in accidents. A number of treatments can be applied 2171 
to control snow, slush, and ice. 2172 
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A.11.2 Weather Issue Treatments with No AMFs – Trends in Crashes or 2173 
User Behavior 2174 

A.11.2.1 Install Changeable Fog Warnings Signs 2175 

Freeways 2176 

Traffic congestion in dense fog can lead to safety issues as reduced visibility 2177 
results in following drivers being unable to see vehicles that are moving slowly or 2178 
that have stopped downstream. In dense fog on freeways, crashes often involve 2179 
multiple vehicles.  2180 

On freeways, installing changeable fog warning signs appears to reduce the 2181 
number of accidents that occur during fog conditions.(26,31) However, the magnitude 2182 
of the crash effect is not certain at this time. 2183 

A.11.2.2 Install Snow Fences for the Whole Winter Season 2184 

Rural two-lane road and rural Multi-Lane Highway 2185 

 Snow fences may be installed on highways that are exposed to snow drifts. On 2186 
mountainous highways, installing snow fences appears to reduce all types of crashes 2187 
of all severities.(13) However, the magnitude of the crash effect is not certain at this 2188 
time. 2189 

A.11.2.3 Raise the State of Preparedness for Winter Maintenance  2190 

The crash effect of raising the state of preparedness during the entire winter 2191 
season - for example, putting maintenance crews on standby or by having inspection 2192 
vehicles drive around the road system - is shown to increase, decrease or cause no 2193 
change in crash frequency.(13) 2194 

A.11.2.4 Apply Preventive Chemical Anti-icing During Entire Winter 2195 
Season 2196 

Salt, also known as chemical de-icing, is generally used to prevent snow from 2197 
sticking to the road surface. As the salt is cleared from the road by melting snow, a 2198 
jurisdiction may have to reapply salt through the winter season depending on the 2199 
amount and frequency of snowfall. In cold winter climates, de-icing treatments are 2200 
not feasible as salt is effective only at temperatures above about 21F (-6°C). (13) 2201 

Preventive salting or chemical anti-icing refers to the spread of salt or liquid 2202 
chemicals before snow starts in order to prevent snow from sticking to the road 2203 
surface. 2204 

Rural two-lane roads, rural multi-lane highways, freeways, expressways, urban 2205 
and suburban arterials 2206 

The use of preventive salting or chemical anti-icing (i.e., application of chemicals 2207 
before the onset of a winter storm), in contrast to conventional salting or chemical de-2208 
icing (e.g., application of chemicals after a winter storm has begun) appears to reduce 2209 
injury accidents.(7) The crash effects of applying preventive anti-icing and terminating 2210 
salting or chemical de-icing do not show a defined trend. 2211 
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A.12 TREATMENTS WITH UNKNOWN CRASH EFFECTS  2212 

A.12.1 Treatments Related to Roadway Elements 2213 

 Increase lane width at horizontal curves; 2214 

 Increase shoulder width at horizontal curves; 2215 

 Change median shape, e.g., raised, level or depressed, or median type, e.g., 2216 
paved, turf; 2217 

A.12.2 Treatments Related to Roadside Elements 2218 

 Remove roadside features, e.g., trees; 2219 

 Delineate roadside features; 2220 

 Install cable guardrails between lanes of opposing traffic; 2221 

 Modify backslopes; 2222 

 Modify transverse slopes; 2223 

 Install curbs and barriers; 2224 

 Change curb design, e.g., vertical curb, sloping curb, curb height, or 2225 
material; 2226 

 Replace curbs with other roadside treatments 2227 

 Modify drainage structures or features including ditches, drop inlets and 2228 
channels 2229 

 Modify location and support type of signs, signals, and luminaires 2230 

 Install breakaway devices 2231 

 Modify location and type of driver-aid call boxes, mailboxes, fire hydrants 2232 

 Modify barrier end treatments, including breakaway cable terminal (BCT) 2233 
and modified eccentric loader terminal (MELT). 2234 

A.12.3 Treatments Related to Alignment Elements 2235 

 Increase sight distance 2236 

 Modify lane and shoulder width at curves 2237 

A.12.4 Treatments Related to Roadway Signs 2238 

 Install active close-following warning signs 2239 

 Install limited sight distance warning signs 2240 

 Install changeable warning signs on horizontal curves 2241 

 Install advance curve warning signs 2242 
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 Modify sign location, e.g., overhead or roadside; 2243 

 Install regulatory signs, such as speed limits; 2244 

 Install warning signs, such as stop ahead; 2245 

 Increase the daytime and nighttime conspicuity of signs; 2246 

 Modify sign materials, e.g., grade sheeting material, and retroreflectivity; 2247 
and, 2248 

 Modify sign support material. 2249 

A.12.5 Treatments Related to Roadway Delineation 2250 

 Install flashing beacons at curves or other locations to supplement a warning 2251 
or regulatory sign or marker 2252 

 Mount reflectors on guardrails, curbs, and other barriers 2253 

 Add delineation treatments at bridges, tunnels and driveways 2254 

 Place transverse pavement markings 2255 

 Install raised buttons 2256 

 Install non-permanent or temporary pavement markers 2257 

A.12.6 Treatments Related to Rumble Strips 2258 

 Install mid-lane rumble strips; 2259 

 Install rumble strips on segments with various lane and shoulder widths; 2260 

 Install rumble strips with different dimensions and patterns; 2261 

A.12.7 Treatments Related to Passing Zones 2262 

 Different passing sight distances; 2263 

 Presence of access points/driveways; 2264 

 Different length of no-passing zones; 2265 

 Different frequency of passing zones; 2266 

 Passing zones for various weather, cross-section and operational conditions; 2267 

A.12.8 Treatments Related to Traffic Calming 2268 

 Install chokers/curb bulb-outs 2269 

 Use pavement markings to narrow lanes 2270 

 Apply different textures to the road surface 2271 
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A.12.9 Treatments Related to On-Street Parking 2272 

 Eliminate on-street parking on one side of the roadway 2273 

 Convert parallel parking to angle parking 2274 

 On-street parking with different configurations and adjacent land use 2275 

A.12.10 Roadway Treatments for Pedestrians and Bicyclists 2276 

 Modify sidewalk or walkway width 2277 

 Provide separation between the walkway and the roadway (“buffer zone”) 2278 

 Change type of walking surface 2279 

 Modify sidewalk cross-slope, grade, curb ramp design 2280 

 Change the location of trees, poles, posts, news racks, and other roadside 2281 
features 2282 

 Provide sidewalk illumination 2283 

 Presence of driveways 2284 

 Provide signage for pedestrian and bicyclist information 2285 

 Trail planning and design 2286 

 Install illuminated crosswalk signs 2287 

 Install in-pavement lighting at uncontrolled marked crosswalks 2288 

 Provide advance stop lines or yield lines 2289 

 Provide mid-block crossing illumination 2290 

 Modify median type 2291 

 Modify traffic control devices at refuge islands/medians, e.g., signs, striping, 2292 
warning devices 2293 

 Widen bicycle lanes 2294 

 Install rumble strips adjacent to bicycle lane 2295 

 Provide bicycle boulevards 2296 

A.12.11 Treatments Related to Access Management 2297 

 Modify signalized intersection spacing 2298 

A.12.12 Treatments Related to Weather Issues 2299 

 Install changeable weather warnings signs (e.g., high winds, snow, freezing 2300 
rain, low visibility) 2301 
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 Install static warning signs for weather or road surface (e.g., bridge road 2302 
surface freezes before road, high winds) 2303 

 Implement assisted platoon driving during inclement weather 2304 

 Apply sand or other material to improve road surface friction 2305 

 Apply chemical de-icing as a location-specific treatment 2306 
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