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CHAPTER 16 SPECIAL FACILITIES AND GEOMETRIC 1 
SITUATIONS 2 

16.1. INTRODUCTION 3 

Chapter 16 presents Accident Modification Factors (AMFs) for design, traffic 4 
control, and operational elements at various special facilities and geometric 5 
situations. Special facilities include railroad-highway grade crossings, work zones, 6 
two-way left-turn lanes, and passing and climbing lanes. The information is used to 7 
identify effects on expected average crash frequency resulting from treatments 8 
applied at interchanges and interchange ramp terminals. 9 

The Part D Introduction and Applications Guidance section provides more 10 
information about the processes used to determine the AMFs presented in this 11 
chapter.  12 

Chapter 16 is organized into the following sections:  13 

 Definition, Application and Organization of AMFs (Section 16.2) 14 

 Crash Effects of Railroad-Highway Grade Crossings, Traffic Control, and 15 
Operational Elements (Section 16.3) 16 

 Crash Effects of Work Zone Design Elements (Section 16.4) 17 

 Crash Effects of Two-Way Left-Turn Lane Elements (Section 16.5) 18 

 Crash Effects Of Passing And Climbing Lanes (Section 16.6) 19 

 Conclusion (Section 16.7) 20 

 21 

Appendix A presents the crash effects of treatments for which AMFs are not 22 
currently known. 23 

16.2. DEFINITION, APPLICATION AND ORGANIZATION OF AMFS  24 

AMFs quantify the change in expected average crash frequency (crash effect) at a 25 
site caused by implementing a particular treatment (also known as a countermeasure, 26 
intervention, action, or alternative), design modification, or change in operations. 27 
AMFs are used to estimate the potential change in expected crash frequency or crash 28 
severity plus or minus a standard error due to implementing a particular action. The 29 
application of AMFs involves evaluating the expected average crash frequency with 30 
or without a particular treatment, or estimating it with one treatment versus a 31 
different treatment. 32 

Specifically, the AMFs presented in this chapter can be used in conjunction with 33 
activities in Chapter 6 Select Countermeasures, and Chapter 7 Economic Appraisal. Some 34 
Part D AMFs are included in Part C for use in the predictive method. Other Part D 35 
AMFs are not presented in Part C but can be used in the methods to estimate change 36 
in crash frequency described in Section C.7 of the Part C Introduction and Applications 37 
Guidance. Chapter 3 Fundamentals, Section 3.5.3 Accident Modification Factors 38 
provides a comprehensive discussion of AMFs including: an introduction to AMFs, 39 
how to interpret and apply AMFs, and applying the standard error associated with 40 
AMFs.  41 

Chapter 3 provides a 

thorough definition and 

explanation of AMFs. 

 

This chapter presents   

AMFs for traffic control   

and operational element 

treatments at various 

facilities. 



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

Page 16-2  Part D / Accident Modification Factors 
  Chapter 16—Special Facilities and Geometric Situations 

 42 

 43 

 In all Part D chapters, the treatments are organized into one of the following 44 
categories: 45 

1. AMF is available; 46 

2. Sufficient information is available to present a potential trend in crashes or 47 
user behavior, but not to provide an AMF; and 48 

3. Quantitative information is not available. 49 

Treatments with AMFs (Category 1 above) are typically estimated for three 50 
accident severities: fatal, injury, and non-injury. In Part D, fatal and injury are 51 
generally combined and noted as injury. Where distinct AMFs are available for fatal 52 
and injury severities, they are presented separately. Non-injury severity is also 53 
known as property-damage-only severity.   54 

Treatments for which AMFs are not presented (Categories 2 and 3 above) 55 
indicate that quantitative information currently available did not meet the criteria for 56 
inclusion in the HSM. The absence of an AMF indicates additional research is needed 57 
to reach a level of statistical reliability and stability to meet the criteria set forth 58 
within the HSM. Treatments for which AMFs are not presented are discussed in 59 
Appendix A.  60 

16.3. CRASH EFFECTS OF RAILROAD-HIGHWAY GRADE 61 
CROSSINGS, TRAFFIC CONTROL, AND OPERATIONAL ELEMENTS 62 

16.3.1. Background and Availability of AMFs 63 

There are two main types of railroad-highway crossings: at grade and grade-64 
separated. A grade-separated railroad-highway crossing eliminates the conflict 65 
points between rail and road and removes the potential for crossing accidents.(13) The 66 
HSM focuses on railroad-highway at-grade crossings. Grade-separated crossings are 67 
not discussed. 68 

In general, the discussion focuses on crossings with heavy freight rail. Where 69 
distinct information on light passenger rail and heavy freight rail is available, these 70 
modes are noted separately. Private crossings are not addressed separately.  71 

Signs and Markings 72 

Advance traffic control and warning devices for railroad-highway grade 73 
crossings typically consist of signs and pavement markings. Other advance control 74 
and warning devices include flashing light signals, vehicle activated signals, and 75 
transverse rumble strips. The advance traffic control and warning devices used vary 76 
with the crossing design. (1) 77 

Signals and Gates 78 

Traffic control at railroad-highway grade crossings includes traffic signal 79 
preemption, traffic signal interconnection, pre-signals in the vicinity of railroad-80 
highway grade crossings, and gates. The type of traffic control at a railroad-highway 81 
grade crossing depends on a number of factors including daily train volumes, vehicle 82 
volumes, and sight distances. 83 

Unless otherwise specified, 

fatal and injury AMFs are 

generally combined and 

categorized as injury 

crashes. 

Section 16.3 provides AMFs 

for common treatments 

related to railroad highway 

grade crossing, traffic 

control, and operational 

elements. 

The treatments are 

organized into 3 categories: 

treatments with AMFs; 

treatments with trend 

information; and, no trend 

or AMF information. 
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Traffic control devices used to warn road users that a train is approaching a 84 
railroad-highway grade can be passive or active:(4) 85 

 Passive traffic control systems typically consist of signs and pavement 86 
markings that identify and direct motorists’ and pedestrians’ attention to a 87 
grade crossing.  Stand-alone passive devices provide no information to 88 
motorists on whether a train is approaching. (9) These devices provide static 89 
messages; the message conveyed by the advanced warning signs and 90 
markings remain constant regardless of the presence or absence of a 91 
train.(3,6,10,11,14) 92 

 Active traffic control systems are inactive until a train approaches. An 93 
approaching train activates some combination of automatic gates, bells or 94 
flashing lights. Active devices provide crossing users with an auditory or 95 
visual clue that a train is approaching the crossing in question. In some 96 
cases, for example when gates are lowered, the traffic control device 97 
physically separates crossing users from the railroad right-of-way. 98 

Illumination 99 

Artificial illumination is occasionally provided at railroad-highway grade 100 
crossings. No quantitative information about the crash effects of illumination at 101 
railroad-highway grade crossings was found for this edition of the HSM. Chapter 14, 102 
presents reference material for potential crash effects of illumination. 103 

Exhibit 16-1 summarizes the treatments related to railroad-highway grade 104 
crossing, traffic control, and operational elements and the corresponding AMFs 105 
available.  106 
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Exhibit 16-1: Treatments Related to Railroad-Highway Grade Crossing Traffic Control and 107 
Operational Elements  108 

HSM 
Section Treatment 

Rural 
Two-Lane 

road 

Rural 
Multi- 
Lane 

Highway Freeway Expressway 
Urban 

Arterial 
Suburban 
Arterial 

16.3.2.1 
Install flashing 
lights and sound 
signals 

  N/A N/A   

16.3.2.2 Install automatic 
gates   N/A N/A   

 Appendix A Install crossbucks T T N/A N/A T T 

Appendix A 

Install vehicle-
activated strobe 
light and 
supplemental 
signs 

T T N/A N/A T T 

Appendix A 
Install four-
quadrant 
automatic gates 

T T N/A N/A T T 

Appendix A 
Install four-
quadrant flashing 
light signals 

T T N/A N/A T T 

Appendix A Install pre-signals T T N/A N/A T T 

Appendix A 
Provide constant 
warning time 
devices 

T T N/A N/A T T 

NOTE: = Indicates that an AMF is available for the treatment. 109 
 T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user 110 

behavior is known and presented in Appendix A. 111 
 N/A = Indicates that the treatment is not applicable to the corresponding setting. 112 

16.3.2. Railroad-Highway Grade Crossing, Traffic Control and 113 
Operational Treatments with AMFs 114 

16.3.2.1. Install Flashing Lights and Sound Signals  115 

Active traffic control systems are inactive until a train approaches. An 116 
approaching train activates some combination of automatic gates, bells, or flashing 117 
lights. Active devices provide crossing users with an auditory or visual clue that a 118 
train is approaching the crossing in question.  119 

Rural two-lane road, rural multi-lane highways, urban, and suburban arterials 120 

The crash effects of installing flashing lights and sound signals at railroad-121 
highway grade crossings that previously had only signs are shown in Exhibit 16-2.  122 

The base condition for this AMF (i.e., the condition in which the AMF = 1.00) is 123 
the absence of flashing lights and sound signals at railroad-highway crossings 124 
(passive control). 125 

 126 
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Exhibit 16-2: Potential Crash Effects of Installing Flashing Lights and Sound Signals (2) 127 

Treatment 
Setting (Crossing 

Type) 
Traffic 
Volume 

Accident Type 
(Severity) AMF Std. Error 

Install flashing 
lights and sound 
signals 

Unspecified 
(Unspecified) 

Unspecified Grade crossing     
(all severities) 0.50 0.05 

Base Condition: Passive control at railroad-highway crossing. 

NOTE:  Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 128 

16.3.2.2. Install Automatic Gates  129 

Automatic gates are active control devices that physically separate crossing users 130 
(cars, pedestrians, bicycles) from the railroad right-of-way. 131 

Rural two-lane road, rural multi-lane highways, urban, and suburban arterials 132 

The crash effects of installing automatic gates at railroad-highway grade 133 
crossings that previously had passive traffic control are shown in Exhibit 16-3.(Error! 134 
Reference source not found.) 135 

The crash effects of installing automatic gates at railroad-highway grade 136 
crossings that previously had flashing lights and sound signals are shown in Exhibit 137 
16-3.(Error! Reference source not found.) 138 

The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) 139 
consists of crossings with passive traffic control or crossings with flashing lights and 140 
sound signals, in either case with an absence of automatic gates.   141 

Exhibit 16-3: Potential Crash Effects of Installing Automatic Gates(2)  142 

Treatment 
Setting 

(Crossing type) 
Traffic 
Volume 

Accident type 
(Severity) AMF Std. Error 

Install automatic gates at 
crossings that previously 
had passive traffic 
control 

0.33 0.09 

Install automatic gates at 
crossings that previously 
had flashing lights and 
sound signals 

Unspecified 
(Unspecified) 

Unspecified 
Grade crossing 
(All severities) 

0.55 0.09 

Base Condition: Crossings with passive traffic control or crossings with flashing lights and sound signals, in 
either case with an absence of automatic gates. 

NOTE:  Bold text is used for the most reliable AMFs.  These AMFs have a standard error of 0.1 or less. 143 
 144 

The gray box below presents an example of how to apply the preceding AMFs to 145 
assess the change in expected average crash frequency when installing automatic 146 
gates on a rural two-lane road grade rail crossing. 147 
 148 
 149 
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 150 

16.4. CRASH EFFECTS OF WORK ZONE DESIGN ELEMENTS 151 

16.4.1. Background and Availability of AMFs 152 

Work zones can result in disruptions in driving speed, trip routes, and driver 153 
expectancy. Accidents in work zones can cause additional delays and congestion. 154 

Exhibit 16-4 summarizes treatments related to work zone design elements and 155 
the corresponding AMF availability. 156 

Effectiveness of Installing Automatic Gates  

Question: 
As part of a roadway improvement project, a rail crossing with flashing lights and 
sound signals is now being considered for the installation of automatic gates. What 
will be the likely reduction in the expected average crash frequency?  

Given Information: 
• Existing roadway = rural two-lane road 

• Crossing type = at-grade crossing 

• Existing traffic control = flashing lights and sound signals 

• Expected average crash frequency with existing treatment = 0.25 
crashes/year 

Find: 
• Expected average crash frequency with installation of automatic gates  

• Change in expected average crash frequency  

Answer: 
1) Identify the applicable treatment AMF  

AMFTreatment = 0.55 (Exhibit 16-3) 

2) Calculate the 95th Percentile Confidence Interval Estimation of Crashes with the 
Treatment 

Expected Crashes with Treatment: = (0.55 ± 2 x 0.09) x (0.25 crashes/year) = 
0.09 or 0.18 crashes/year 

The multiplication of the standard error by 2 yields a 95% probability that the 
true value is between 0.09 and 0.18 crashes/year. See Section 3.5.3 in Chapter 
3 Fundamentals for a detailed explanation. 

3) Calculate the difference between the expected average crash frequency without 
the treatment and with the treatment. 

Change in Expected Average Crash Frequency: 
Low Estimate = 0.25 – 0.09 = 0.16 crashes/year reduction 
High Estimate = 0.25 – 0.18 = 0.07 crashes/year reduction  
 

4) Discussion: The implementation of automatic gates at the rail crossing 
may potentially produce a reduction of between 0.16 and 0.07 
crashes/year. 
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Exhibit 16-4: Treatments Related to Work Zone Design Elements  157 

HSM 
Section Treatment 

Rural 
Two-
Lane 
road 

Rural 
Multi-
Lane 

Highway Freeway Expressway 
Urban 

Arterial 
Suburban 
Arterial 

16.4.2.1 
Modify work 
zone duration 
and length 

- -  - - - 

Appendix A 

Use crossover 
closure or 
single lane 
closure 

- T T T - - 

Appendix A 
Use Indiana 
Lane Merge 
System (ILMS) 

- - T - - - 

NOTE:  = Indicates that an AMF is available for the treatment. 158 
 T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user 159 

behavior is known and presented in Appendix A. 160 
 - = Indicates that an AMF is not available and a crash trend is not known. 161 

16.4.2. Work Zone Design Treatments with AMFs 162 

16.4.2.1. Modify Work Zone Duration and Length 163 

Freeways 164 

Work zone design elements include duration in number of days, and length in 165 
miles. Equation 16-1 and Exhibit 16-5 present an AMF for the potential crash effects 166 
of modifying work zone duration. Equation 16-2 and Exhibit 16-6 present an AMF for 167 
the potential crash effects of modifying work zone length. These AMFs are based on 168 
research that considered work zone durations from 16 to 714 days, work zone lengths 169 
from 0.5 to 12.2 mi, and freeway AADTs from 4,000 to 237,000 veh/day.(8) 170 

The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is a 171 
work zone duration of 16 days and/or work zone length of 0.51 miles.  The standard 172 
errors of the AMFs below are unknown. 173 

Expected average crash frequency effects of increasing work zone duration (8) 174 

 
100

1.11)durationinincrease (%  1.0  AMFall
×

+=  (16-1) 175 

 Where,  176 

 AMFall =  accident modification factor for all crash types and all 177 
severities in the work zone 178 

% increase in duration =  the percentage change in duration (days) of the work zone  179 

 180 

Section 16.4 provides crash 

effects information for work 

zone design elements. 
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Exhibit 16-5: Expected Average Crash Frequency Effects of Increasing Work Zone 181 
Duration 182 

1
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 183 
 184 

Expected average crash frequency effects of increasing work zone length (miles)(8) 185 

 
100

0.67)lengthinincrease(%  1.0  AMFall
×

+=  (16-2) 186 

 Where, 187 

 AMFall =  the accident modification factor for all crash types and all 188 
severities in the work zone  189 

 % increase in length =  the percentage change in length (mi) of the work zone  190 
 191 
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Exhibit 16-6: Expected Average Crash Frequency Effects of Increasing Work Zone Length 192 
(miles) 193 

1
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 194 
 195 

 196 

The gray box below presents an example of how to apply Equation 16-2 and 197 
Exhibit 16-5; and Equation 16-3 and Exhibit 16-6 to assess the crash effects of 198 
modifying the work zone duration and length concurrently. 199 

 200 

 201 

 202 

 203 

 204 

 205 

 206 

 207 

 208 

 209 

 210 

 211 

 212 

 213 

 214 

 215 
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 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 

 249 

 250 

 251 

Effectiveness of Modifying the Work Zone Duration  

Question: 
A 5 mile stretch of highway is being rehabilitated. The design engineer has identified 
a construction period of 9 months with a full project length work zone. What will be 
the likely change in the expected average crash frequency? 

Given Information: 
• Base Condition for AMFs 

o Project Work Zone length = 0.51 miles 

o Project Work Zone duration = 16 days 

• Proposed Work Zone Length = 1 miles 

• Proposed Work Zone Duration = 32 days 

• Expected Average Crash Frequency under the Base Scenario (See Part C 
Predictive Methods) = 6 crashes/year 

Find: 
• Expected Average Crash Frequency under Proposed Scenario 

• Change in Expected Average Crash Frequency  

Answer: 
1) Calculate the Work Zone Length AMFlength 

100
0.67)lengthinincrease(%  1.0  AM length

×
+=F  (Equation 16-2) 

=
×

+=
100

0.67)(96  1.0  AMFlength
 

1.64  AMFlength =  

2) Calculate the Work Zone Duration AMFduration 

100
1.11)durationinincrease(%  1.0  AMFduration

×
+= (Equation 16-1) 

=
×

+=
100

1.11)(100  1.0  AMFduration
 

2.11  AMFduration =  

3) Calculate the Combined AMFtotal Work Zone Condition 

AMFtotal = AMFlength x AMFduration = 1.64 x 2.11 = 3.46 

Both AMFs are multiplied to account for the combined effect of work zone 
length and duration. 

4) Calculate the expected number of crashes under the proposed work zone 
scenario. 

Expected Crashes under the Proposed Work Zone Scenario = 
= 3.46 x (6 crashes/year) = 20.8 crashes/year 

5) Calculate the difference between the expected average crash frequency under 
the base condition and with the treatment.  

Change in Expected Average Crash Frequency 

20.8 - 6.0 = 14.8 crashes/year increment 

6) Discussion: The proposed work zone length and duration may 
potentially cause an increment of 14.8 crashes/year, when compared 
to a base scenario work zone length and duration.  
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16.5. CRASH EFFECTS OF TWO-WAY LEFT-TURN LANE ELEMENTS 252 

16.5.1. Background and Availability of AMFs 253 

Two-way left turn-lanes (TWLTL) are intended to reduce potential conflicts with 254 
turning traffic and to provide a refuge from through vehicles for drivers waiting to 255 
turn left. Potential offsetting challenges may, however, arise: 256 

 Where drivers increase their speed on the through lanes due to the left-257 
turning traffic being removed; 258 

 In urban areas where the TWLTL increases the width that pedestrians have 259 
to walk across the road; 260 

 In urban areas where pedestrians may treat the TWLTL as a refuge area; 261 

 Where traffic volumes back up into the TWLTL, blocking the TWLTL for the 262 
opposing direction; 263 

 Where the driveway entrance is poorly designed and cannot readily 264 
accommodate the turning traffic which may then slow down or even stop as 265 
it crosses the through lanes; 266 

 Where driveways and access points are not clearly marked and conspicuous, 267 
drivers may not be able to see where to turn resulting in slowing or quick 268 
stopping; 269 

 Where drivers use the TWLTL for passing. A TWLTL that leads to the loss of 270 
a passing lane requires careful evaluation(5); 271 

 Where seven-lane urban arterials (six through lanes/one TWLTL) are 272 
constructed, turning and crossing traffic have longer crossing times. 273 
Increased driver risk taking may occur; and, 274 

 Where a curb lane is an HOV lane with low traffic volumes, encouraging 275 
drivers turning from a TWLTL to risk crossing the HOV lane even when 276 
their view is blocked, since they do not expect a vehicle to be in that lane. 277 

Exhibit 16-7 summarizes treatments related to two-way left-turn lanes and the 278 
corresponding AMF and trend availability. 279 

Exhibit 16-7: Treatments Related to Two-Way Left-Turn Lanes  280 

HSM 
Section Treatment 

Rural Two-
Lane road 

Rural Multilane 
Highway Freeway Expressway 

Urban 
Arterial 

Suburban 
Arterial 

16.5.2.1 

Provide 
Two-Way 
Left-Turn 
Lane 

 - - - T T 

NOTE: = Indicates that an AMF is available for the treatment. 281 
 T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user 282 

behavior is known and presented in Appendix A. 283 
 - = Indicates that an AMF is not available and a crash trend is not known. 284 

Section 16.6 provides crash 

effects information for two-

way left turn lane elements. 
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16.5.2. Two-Way Left-Turn Lane Treatments with AMFs  285 

16.5.2.1. Provide Two-Way Left-Turn Lane 286 

A TWLTL, or continuous center left-turn lane, is a special lane in the center of the 287 
highway. The lane is reserved for vehicles making mid-block left-turns, i.e., turns into 288 
or out of access points between intersections. A TWLTL is a common treatment on 289 
urban and suburban arterials with many access points. 290 

Rural two-lane roads  291 

The potential crash effects of providing a TWLTL on rural two-lane roads where 292 
driveway density is known and consists of at least five driveways per mile is shown 293 
in Equation 16-3 and Exhibit 16-8, for driveway-related left-turn accidents.(7) The 294 
potential crash effect for non-driveway-related accidents or non-left-turn driveway 295 
accidents is not certain at this time.  296 

The base condition for this AMF (i.e., condition in which AMF = 1.0) is the 297 
absence of TWLTL or a driveway density less than five driveways per mile. The 298 
standard error of this AMF is unknown. 299 

 ( )LT/Ddwy pp0.71.0AMF ××−=  (16-3) 300 

 ( ) ( )
( ) ( )2

2

dwy DD0.0024DD0.00471.199
DD0.0024DD0.0047p
×+×+

×+×
=  (16-3A) 301 

 Where, 302 

 Pdwy =  driveway-related accidents as a proportion of total accidents 303 

  DD =  driveway density (driveways per mile) 304 

 PLT/D = left-turn accidents subject to correction by a TWLTL as a 305 
proportion of driveway-related accidents (can be estimated 306 
to be 0.5) 307 
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Exhibit 16-8: Potential Crash Effects of Providing a TWLTL on Rural Two-lane Roads with 308 
Driveways 309 
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 310 
 311 
 312 

16.6. CRASH EFFECTS OF PASSING AND CLIMBING LANES 313 

16.6.1. Background and Availability of AMFs 314 

A passing lane may be provided in one direction on two-lane two-way rural 315 
roads to increase overtaking opportunities and reduce delays. A climbing lane may 316 
be provided to overcome delays caused by slow-moving vehicles on steep upgrades. 317 
Other similar treatments include: 318 

 Short four-lane sections. Short four-lane sections are created where passing 319 
lanes are provided in both travel directions. 320 

 Turnouts. A turnout is a widened, unobstructed shoulder area that allows 321 
slow-moving vehicles to pull out of the through lane to give passing 322 
opportunities to following vehicles.(1) 323 

 Shoulder use sections. Driving on shoulders is usually illegal; however, 324 
shoulders may be used by slow-moving vehicles in certain areas to allow 325 
other vehicles to pass. Some shoulders are signed where shoulder use is 326 
allowed. 327 

Exhibit 16-9 summarizes treatments related to passing and climbing lanes and 328 
the level of information presented in the HSM. 329 

 330 

 331 
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Exhibit 16-9: Treatments Related to Passing and Climbing Lanes  332 

HSM 
Section Treatment 

Rural Two-
Lane road 

Rural 
Multilane 
Highway Freeway Expressway 

Urban 
Arterial 

Suburban 
Arterial 

16.6.2.1 

Provide a 
Passing/Climbing 
Lane or a Short 
Four-Lane Section 

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

NOTE: = Indicates that an AMF is available for the treatment. 333 
 N/A = Indicates that the treatment is not applicable to the corresponding setting. 334 

16.6.2. Passing and Climbing Lane Treatments with AMFs 335 

16.6.2.1. Provide a Passing Lane/Climbing Lane or a Short Four-Lane Section 336 

Passing lanes allow vehicles to pass, and may have the potential to reduce 337 
crashes such as head-on, same-direction sideswipe, and opposite-direction sideswipe 338 
crashes at some locations. Passing-related head-on crashes are a relatively low 339 
percentage of all head-on crashes.(12) Passing lanes may affect traffic operations 3 to 8 340 
mi downstream of the passing lane due to the segregation they permit between faster 341 
and slower vehicles.(7,12) 342 

Climbing lanes allow vehicles to pass on grades, and may have the potential to 343 
reduce rear-end and same-direction sideswipe crashes at some locations that may 344 
result from speed differentials and conflicts between slow-moving and passing 345 
vehicles. Climbing lanes allow traffic platoons which have formed behind slower 346 
vehicles to dissipate without using an oncoming traffic lane to complete a passing 347 
maneuver.  348 

Rural two-lane roads 349 

The potential crash effects of providing a passing lane or climbing lane in one 350 
direction on a rural two-lane road is shown in Exhibit 16-10. (7)  The potential crash 351 
effects of providing a short four-lane section on a rural two-lane road is also shown in 352 
Exhibit 16-10. (7)  353 

The base condition of the AMFs (i.e., the condition in which the AMF = 1.00) is a 354 
two-lane rural road.   355 

Exhibit 16-10: Potential Crash Effects of Providing a Passing Lane/Climbing Lane or 356 
Short Four-Lane Section on Rural Two-Lane Roads (7)  357 

Treatment 
Setting 

(Road type) 
Traffic 
Volume 

Accident type 
(Severity) AMF Std. Error 

Provide passing lane 
or climbing lane 0.75 N/Ao 

Provide short four-
lane section 

Rural 
(Two-lane) 

Unspecified 
All types 
(All severities) 

0.65 N/Ao 

Base Condition: Two-lane rural road. 

NOTE:  ° Standard error of AMF is unknown. 358 
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16.7. CONCLUSION 359 

The treatments discussed in this chapter focus on the potential crash effects of 360 
treatments that are applicable to roadway specific facilities and geometric situations. 361 
The material presented represents the AMFs known to a degree of statistical stability 362 
and reliability for inclusion in this edition of the HSM. Additional qualitative 363 
information regarding potential treatments is contained in Appendix A.   364 

Other chapters in Part D present treatments related to specific site types such as 365 
roadway segments and intersections. The material in this chapter can be used in 366 
conjunction with activities in Chapter 6 Select Countermeasures, and Chapter 7 Economic 367 
Appraisal. Some Part D AMFs are included in Part C for use in the predictive method. 368 
Other Part D AMFs are not presented in Part C but can be used in the methods to 369 
estimate change in crash frequency described in Section C.7 of the Part C Introduction 370 
and Applications Guidance. 371 

Appendix A presents the 

treatments which have an 

identified trend or no 

known information. 
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APPENDIX A 417 

A.1 INTRODUCTION 418 

The appendix presents general information, trends in crashes and/or user-419 
behavior as a result of the treatments, and a list of related treatments for which 420 
information is not currently available. Where AMFs are available, a more detailed 421 
discussion can be found within the chapter body.  The absence of an AMF indicates 422 
that at the time this edition of the HSM was developed, completed research had not 423 
developed statistically reliable and/or stable AMFs that passed the screening test for 424 
inclusion in the HSM. Trends in crashes and user behavior that are either known or 425 
appear to be present are summarized in this appendix.  426 

This appendix is organized into the following sections: 427 

 Railroad-Highway Grade Crossings, Traffic Control, and Operational 428 
Elements (Section A.2) 429 

 Work Zone Design Elements (Section A.3) 430 

 Work Zone Traffic Control and Operational Elements (Section A.4) 431 

 Two-Way Left-Turn Lane Elements (Section A.5) 432 

 Treatments with Unknown Crash Effects (Section A.6)  433 

A.2 RAILROAD-HIGHWAY GRADE CROSSINGS, TRAFFIC CONTROL, 434 
AND OPERATIONAL ELEMENTS  435 

A.2.1 Trends in Crashes or User Behavior for Treatments with no 436 
AMFs 437 

A.2.1.1 Install Crossbucks 438 

Rural two-lane road, rural multi-lane highway, urban and suburban arterial 439 

Installing crossbucks at railroad-highway grade crossings that previously had no 440 
signs appears to have the potential to reduce all grade crossing crashes.(2) However, 441 
the magnitude of the potential crash effects is not certain at this time.  442 

A.2.1.2 Install Vehicle-Activated Strobe Light and Supplemental Signs 443 

Rural two-lane road, rural multi-lane highway, urban and suburban arterial 444 

Research has evaluated supplementary traffic control devices at passive railroad-445 
highway grade crossings.  The existing MUTCD W10-1 sign was supplemented with 446 
a “LOOK FOR TRAIN AT CROSSING” sign in conjunction with a strobe-light 447 
activated by approaching vehicles.(3) 448 

Research results indicate that installing a vehicle-activated strobe light and 449 
supplemental sign, in addition to the MUTCD W10-1 sign at passive railroad-450 
highway grade crossings, appears to have the potential to reduce average vehicle 451 
speeds near the crossing.(3)  452 
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A.2.1.3 Install Four-Quadrant Automatic Gates 453 

Rural two-lane road, rural multi-lane highway, urban and suburban arterial 454 

Installing four-quadrant automatic gates (one gate on each quadrant of the 455 
railroad/roadway intersection) appears to significantly reduce drivers violating 456 
crossing signals, and appears to have the potential to reduce the average number of 457 
vehicles crossing while the gate arms are being lowered.(13) No conclusive results 458 
about the potential crash effects of installing four-quadrant automatic gates were 459 
available for this edition of the HSM. 460 

A.2.1.4 Install Four-Quadrant Flashing Light Signals 461 

Rural two-lane road, rural multi-lane highway, urban and suburban arterial 462 

Installing four-quadrant flashing light signals with overhead strobe lights 463 
appears to have no substantial affect on driver behavior compared to standard two-464 
quadrant flashing light signals.(4) No conclusive results about the potential crash 465 
effects of installing four-quadrant flashing light signals were available for this HSM. 466 

A.2.1.5 Install Pre-Signals  467 

Rural two-lane road, rural multi-lane highway, urban and suburban arterial 468 

Installing pre-signals to control traffic entering the railroad-highway grade 469 
crossing appears to have the potential to reduce risky driver behavior in the vicinity 470 
of the crossing. For instance, within 10 seconds of a train’s arrival and while the 471 
flashing light signals are activated, both the number of crossings per signal activation 472 
and the number of vehicles crossing have been shown to decrease.(4) No conclusive 473 
results about the potential crash effects of installing pre-signals were available for 474 
this HSM. 475 

A.2.1.6 Provide Constant Warning Time Devices 476 

Rural two-lane road, rural multi-lane highway, urban and suburban arterial 477 

Train predictors can be used to provide constant warning times to road users. 478 
Providing a constant warning time appears to have the potential to reduce the 479 
number of vehicles crossing the tracks between activation of the warning device and 480 
the train’s arrival at the crossing.(18) Installing train predictors and the resulting 481 
constant warning times generally lead to fewer long warning times at crossings, and 482 
a potential reduction in incidences of risky driver behavior.(18) No conclusive results 483 
about the potential crash effects of providing constant warning time devices were 484 
available for this HSM. 485 

A.3 WORK ZONE DESIGN ELEMENTS  486 

A.3.1.1 Operate Work Zones in the Daytime or Nighttime 487 

Rural two-lane roads; rural multilane highways; urban and suburban arterials; 488 
expressways 489 

Time of day operations are considered a work zone design element. Compared to 490 
the no work zone condition, accidents appear to increase at work zones during 491 
nighttime more than during daytime.(10,21) Recent research has quantified the daytime 492 
and nighttime increases in accidents at work zones, in comparison to the pre-work-493 
zone condition.(21)   Work zone illumination appears to affect the safety of a work 494 
zone.(2) However, the magnitude of the crash effect is not certain at this time. 495 
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A.3.1.2 Use Roadway Closure with Two-Lane Two-Way Operation or 496 
Single-Lane Closure   497 

Rural multilane highways, freeways, and expressways 498 

There are two main types of lane closure design for work zones on freeways, 499 
rural multilane roadways, and urban and suburban arterials:  500 

1. Roadway closure with a median crossover and two-lane two-way operations 501 
(TLTWO): All the lanes in one travel direction of a divided or undivided 502 
multilane highway are closed. Vehicles must cross over to use a lane that is 503 
normally dedicated to opposing traffic. The two main categories for median 504 
crossover design are flat diagonal designs and reverse curve designs.(9) 505 
Temporary centerlines, concrete median barriers, or other dividers may be 506 
used to separate the traffic. Concrete median barriers may be installed 507 
temporarily to separate traffic traveling in opposite directions in the TLTWO 508 
section.  With this design, work crews may perform work on the closed 509 
roadway without having traffic near them. However, heavy traffic volumes, 510 
loaded trucks, nighttime, and bad weather can create safety concerns in the 511 
TLTWO. 512 

2. Single (or partial) lane closure: One or more lanes in one travel direction are 513 
closed. The number of lanes closed depends on the total number of lanes on 514 
the roadway and the construction circumstances. A single lane closure does 515 
not directly affect traffic on the non-construction side of the roadway. Traffic 516 
on the construction side passes close to or adjacent to the work zone and 517 
work crew. 518 

Work zones with crossover closures appear to have the potential to increase all 519 
accident types and severities compared to the non-work zone condition. (1,9,16) 520 
Roadway closures with a TLTWO section also appear to result in a potential increase 521 
in severe accidents and head-on crashes in the TLTWO section compared to the non-522 
work zone condition.(9) Pavement surface and shoulder conditions may be important 523 
elements for crossover closures, particularly in the TLTWO section.(9)  524 

Work zones with single lane closures appear to result in a potential increase in all 525 
accident types and severities compared to the non-work zone condition.(1,9,16) Single 526 
lane closures appear to have the potential to increase fixed object crashes compared 527 
to the non-work zone condition.(9) 528 

There is some evidence that there may be a greater chance of a higher severity 529 
crash in a roadway closure with a TLTWO section than in a partial closure.(16) 530 
However, the magnitude of the potential crash effects is not certain at this time. 531 

A.3.1.3 Use Indiana Lane Merge System (ILMS) 532 

Freeways 533 

The ILMS is an advanced dynamic traffic control system designed to encourage 534 
drivers to switch lanes well in advance of the work zone lane drop and entry taper.(20)  535 

At many work zones, it is necessary to close one or more lanes. Vehicles must 536 
then merge into the lanes available. The transition area at the beginning of a work 537 
zone requires drivers to adapt their driving behavior to the new, and possibly 538 
unexpected, conditions ahead. Speed changes, lane positioning, and interacting with 539 
other drivers may be required.  540 

The ILMS appears to have the potential to reduce the number of merging 541 
conflicts and to reduce vehicle delay on divided rural four-lane freeways with AADT 542 
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of 42,000 veh/day or more.(20) No conclusive results about the potential crash effects 543 
of using the Indiana Lane Merge System (ILMS) were available for this HSM. 544 

A.4 WORK ZONE TRAFFIC CONTROL AND OPERATIONAL 545 
ELEMENTS 546 

A.4.1 General Information 547 

Signs and Signals 548 

The MUTCD classifies signs into three categories: regulatory, warning, and 549 
guide.(5) The MUTCD provides standards, guidance, and options for providing signs 550 
within the right-of-way for all highway types. Many agencies supplement the 551 
MUTCD information with their own guidelines and standards. 552 

The type of signs and signals used in work zones generally depends on the road 553 
class and setting, the work zone layout, the work zone duration, the cost, whether the 554 
work zone is static or moving, and institutional constraints (e.g., whether trained 555 
flaggers are available). Combinations of signs and signals are commonly used, 556 
including speed signs and flashing arrows. 557 

Delineation 558 

Delineation includes all methods of defining the roadway operating area for 559 
drivers, and has long been considered a key element to guide drivers. Delineation is 560 
likely to have added impact in work zones where the conditions are unfamiliar or 561 
have changed substantially from the non-work zone condition. In work zones, 562 
temporary delineation methods may be used. 563 

Methods of delineation include devices such as pavement markings (made from 564 
a variety of materials), raised pavement markers (RPMs), chevron signs, object 565 
markers, and post-mounted delineators (PMDs).(15) Delineation may be used alone to 566 
convey regulations, guidance, or warnings.(5) Delineation may also be used to 567 
supplement other traffic control devices such as signs and signals. The MUTCD 568 
provides guidelines for retroreflectivity, color, placement, material types, and other 569 
delineation issues.(5)  570 

Pavement markings can be obscured by snow, debris, and water on the road 571 
surface. Visibility and retroreflectivity can be reduced over time by weather, vehicle 572 
tire wear, and location.(5)  573 

Rumble Strips 574 

Rumble strips warn drivers by creating vibration and noise when driven over. 575 
The objective of rumble strips is to reduce crashes caused by drowsy or inattentive 576 
drivers. In general, rumble strips are used in areas where the noise generated is 577 
unlikely to disturb adjacent residents; that is, in non-residential areas. Temporary 578 
rumble strips may be used in work zones as a traffic control device. 579 

A.4.2 Trends in Crashes or User Behavior for Treatments with no 580 
AMFs 581 

A.4.2.1  Install Changeable Speed Warning Signs 582 

Changeable speed warning signs can provide individual or collective 583 
information to drivers. Individual changeable speed warning signs give individual 584 
drivers real-time feedback regarding each driver’s speed. The signs can be an 585 
alternative to having law enforcement officers stationed at work zones. Collective 586 
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changeable speed warning signs give information such as the percentage of road 587 
users exceeding the speed limit.(2) 588 

Freeways 589 

Installing individual changeable speed warning signs, that display the license 590 
plate and speed of a speeding vehicle in a freeway work zone, appears to have the 591 
potential to reduce injury and non-injury accidents.(22) However, the magnitude of 592 
the potential crash effects is not certain at this time.  593 

Installing individual changeable speed warning signs that display personalized 594 
messages to high-speed drivers at work zones on Interstate highways appears to 595 
reduce vehicle speeds more than static MUTCD signs.(8) This treatment appears to be 596 
effective in work zone projects of long duration, from 7 days to 7 weeks. For work 597 
zones longer than 3,500 feet, a second changeable speed warning sign may reduce the 598 
tendency of drivers to speed up as they approach the end of a work zone.(8) 599 

Installing individual changeable speed warning signs in advance of a single lane 600 
closure work zone on a freeway appears to have the potential to reduce the speed of 601 
traffic approaching the work zone.(14) 602 

Rural two-lane roads 603 

Installing individual changeable speed warning signs appears to have the 604 
potential to reduce average vehicle speed and the percentage of speeding vehicles at 605 
rural, short-term (typically a single day) work zones.(6)  606 

A.4.2.2 Install Temporary Speed Limit Signs and Speed Zones 607 

All road types 608 

It is generally accepted that speed selection by drivers is a key factor in work 609 
zone crashes.(22) 610 

Conventional practice for speed limits or speed zones in work zones follows the 611 
static signing procedures, using regulatory or advisory speed signs found in the 612 
MUTCD.(5) The procedure depends on the road type and setting, the work zone 613 
layout, the work zone duration, whether the work zone is static or moving, the cost 614 
of the speed control, and institutional constraints, such as the availability of a police 615 
presence or trained flaggers. Combinations of speed controls are commonly used. 616 

Changing the posted speed limit generally has little effect on operating speeds.(17) 617 
Drivers select their speed using perceptual and “road message” cues. Chapter 2 618 
contains more information on driver speed choice.  619 

It is generally accepted that installing temporary speed limit signs and speed 620 
zones in work zones, whether advisory or regulatory, has little to no effect on vehicle 621 
speeds.(22) It is also generally accepted that drivers adjust their vehicle speed and lane 622 
position according to the environment, the geometry of the roadway and work zone, 623 
the lateral clearance, and other factors, rather than on signing.(10) If speed limits are 624 
dramatically reduced, the limit may not match the perception of safe driving speed 625 
for the majority of drivers which may result in instability in the traffic flow through 626 
the speed zone.(23) Conclusive results about the potential crash effects of temporary 627 
speed limit signs and speed zones were not available for this HSM. 628 
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A.4.2.3 Use Innovative Flagging Procedures  629 

All road types 630 

Innovative flagging procedures include having a flagger with a speed sign 631 
paddle in one hand and motioning to traffic with the other hand, or a flagger 632 
motioning to traffic to slow down with one hand and pointing to a posted speed sign. 633 
Difficulties with flagging procedures include flagger fatigue and boredom, and 634 
ensuring that flaggers follow the procedures consistently.(14)  635 

A flagger positioned in advance of a single lane closure on a freeway and 636 
holding a 45-mph sign paddle in one hand while motioning traffic to slow down with 637 
the other appears to have the potential to reduce average traffic speeds compared to 638 
having no flaggers present in advance of the work zone. (14) An alternative to this 639 
procedure is a flagger wearing bright coveralls and using a larger speed paddle sign.  640 

On rural two-lane roads, rural freeways, urban freeways, and undivided urban 641 
arterials, a flagger motioning traffic to slow down with one hand and then pointing 642 
to the nearby posted speed sign appears to have the potential to reduce average 643 
traffic speeds more than standard MUTCD flagging procedures. (19) The average 644 
speed reduction appears to be greater on rural two-lane roads and urban arterials 645 
than on urban or rural freeways. Conclusive results about the potential crash effects 646 
of using innovative flagging procedures were not available for this HSM. 647 

Using flaggers on both sides of the travel lanes of a freeway appears to result in 648 
greater speed reductions compared with using a flagger on one side only. (19) 649 

The MUTCD provides guidance on the safety of workers in work zones. 650 

A.4.2.4 Install Changeable Message Signs 651 

All road types 652 

Active speed control devices include changeable message signs, flaggers, and 653 
law enforcement. Passive measures (e.g., static signing) are generally thought to be 654 
less effective on traffic operations than active measures, but the difference in 655 
effectiveness is not certain at this time. (8) 656 

Installing changeable message signs in advance of the work zone or within a 657 
work zone with the alternating messages “WORKERS AHEAD” and “SPEED LIMIT 658 
45 MPH” appears to have the potential to reduce vehicle speeds, but only among 659 
vehicles close to the changeable message signs. (22) No quantitative information about 660 
the potential crash effects of installing changeable message signs with other speed 661 
limits in work zones is currently available. 662 

A.4.2.5 Install Radar Drones 663 

Radar drones emit a signal equivalent to that of a speed radar gun. These devices 664 
are used to communicate to drivers with radar detectors of possible hazards on the 665 
road ahead including dangerous curves, accidents, etc. The devices may be 666 
temporarily or permanently installed. 667 

Rural two-lane roads 668 

Installing radar drones at short-term (typically a single day) work zones on rural 669 
two-lane roads appears to have the potential to reduce vehicle speeds and the 670 
percentage of drivers who were speeding before the taper approaching the work 671 
zone and in the work zone.(6) 672 
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Rural multilane highways, urban and suburban arterials 673 

Installing radar drones in short and long-term work zones on urban and rural 674 
interstate highways and on urban and rural roadways with AADTs ranging from 675 
20,000 veh/day to 70,000 veh/day appears to have the potential to reduce mean 676 
speeds and the number of vehicles exceeding the speed limit by more than 10 mph.(7) 677 

A.4.2.6 Police Enforcement of Speeds 678 

All road types 679 

Police enforcement methods include a police traffic controller, a stationary patrol 680 
car, a stationary patrol car with emergency lights or radar, and a circulating patrol 681 
car. (19) 682 

Speed enforcement by police in work zones on rural two-lane roads, rural 683 
freeways, urban freeways, and undivided urban arterials appears to have the 684 
potential to reduce average vehicle speeds. (19) Police enforcement appears to be most 685 
effective over the length of highway receiving the treatment. (10)  686 

A.5 TWO-WAY LEFT-TURN LANE ELEMENTS 687 

A.5.1.1 Provide Two-Way Left-Turn Lane 688 

Urban and suburban arterials 689 

The potential crash effects of providing a TWLTL on urban and suburban 690 
arterials appears to be similar for rural two-lane roads.(11,12) However, the magnitude 691 
of the potential crash effects is not certain at this time. See Section 16.5.2.1 in the body 692 
of Chapter 16 Special Facilities for additional information. 693 

A.6 TREATMENTS WITH UNKNOWN CRASH EFFECTS 694 

A.6.1 Railroad-Highway Grade Crossing, Traffic Control, and 695 
Operational Elements 696 

 Install stop or yield signs 697 

 Install retroreflective advance warning signs 698 

 Install transverse rumble strips on the approach to railroad-highway grade 699 
crossings 700 

 Install advance warning flashers or beacons on the approach to railroad-701 
highway grade crossings 702 

 Place enhanced pavement markings on the approach to railroad-highway 703 
grade crossings 704 

 Provide warning bells or flag persons on the approach to railroad-highway 705 
grade crossings 706 

 Use train whistles 707 

 Implement traffic signal preemption 708 
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A.6.2 Work Zone Design Elements  709 

Lane Closure Design 710 

 Modify crossover closure design 711 

 Modify median crossover design for crossover closures 712 

 Modify centerline treatment of TLTWO zone 713 

 Modify single lane closure design 714 

Lane Closure/Merge Design 715 

 Use late merge control strategy; 716 

 Use early merge control strategy; 717 

 Position work zone on right-side or left-side of roadway; 718 

 Modify merge design, including taper lengths and lane widths; 719 

 Modify diverge design at the end of a work zone; 720 

 Use the shoulder as a travel lane; 721 

 Temporarily realign lanes; and, 722 

 Modify location of the work zone relative to interchange ramps and 723 
roadway intersections. 724 

A.6.3 Work Zone Traffic Control and Operational Elements 725 

Signs and Signals 726 

 Place signs in advance of work zone 727 

 Use diverging lights or flashing arrows display 728 

 Use temporary traffic signals, manual traffic direction, flaggers, or remote-729 
control flags 730 

 Improve visibility and clarity of signs 731 

 Install active or passive warning signs or flashing arrows 732 

 Use temporary diversions 733 

 Install ITS applications 734 

Delineation 735 

 Install post-mounted delineators (PMDs) 736 

 Place temporary centerline and/or edgeline markings 737 

 Install raised pavement markers (RPMs) 738 

 Install chevron signs on horizontal curves 739 
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 Install flashing beacons to supplement signage 740 

 Mount reflectors on guardrails, curbs, and other barriers 741 

 Place temporary transverse pavement markings 742 

Rumble Strips 743 

 Install continuous shoulder rumble strips 744 

 Install continuous shoulder rumble strips and wider shoulders 745 

 Install centerline rumble strips 746 

 Install transverse rumble strips 747 

 Install rumble strips with different dimensions and patterns 748 

 Install edgeline rumble strips 749 

 Install mid-lane rumble strips 750 

Speed Limits and Speed Zones 751 

 Use standard MUTCD flagging procedures 752 

 Install real-time portable Variable Speed Limit systems 753 

 Use radar activated horn system 754 

 Reduce lane width 755 

 Broadcast Citizens Band (CB) messages 756 

 Provide automated speed enforcement 757 

A.6.4 Two-Way Left-Turn Elements 758 

 Number of through lanes on the road 759 

 Width of the TWLTL  760 

 How the TWLTL was incorporated (e.g., re-striping existing roadway width 761 
or widening the road) 762 

 Volume of turning vehicles and opposing vehicles 763 

 Capacity of storage for turning vehicles 764 

 Driveway design 765 

 Treatment at intersections 766 

 Posted speed limit 767 

 Markings 768 

 Signage 769 
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 Land use (urban, rural, suburban) 770 

 Presence of pedestrians 771 

 Presence or prohibition of parallel street parking 772 

A.6.5 Passing and Climbing Lane Elements  773 

 Use three-lane alternate passing lane design 774 

 Modify design elements, e.g., length, spacing, horizontal and vertical 775 
alignment, sight distance, tapers, merges, shoulders 776 

 Modify posted speed limits and operating speed 777 

 Install signage and pavement markings 778 

 Modify density of intersections and/or access points along the auxiliary 779 
lane. 780 

 Inclusion of passing and climbing lanes on the roadway as a whole (corridor 781 
approach) 782 

 Provide a turnout 783 

 Provide shoulder use sections 784 

 785 
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