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CHAPTER 14 INTERSECTIONS

14.1. INTRODUCTION

Chapter 14 presents the Accident Modification Factors (AMFs) applicable to
intersection types, access management characteristics near intersections, intersection
design elements, and intersection traffic control and operational elements. Pedestrian
and bicyclist related treatments and the corresponding effects on pedestrian and
bicyclist crash frequency are integrated into the topic areas noted above. The
information presented in this chapter is used to identify effects on expected average
crash frequency resulting from treatments applied at intersections.

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

Chapter 14 is organized into the following sections:

" Definition, Application, and Organization of AMFs (Section 14.2)
®  Definition of an Intersection (Section 14.3)

®  Crash Effects of Intersection Types (Section 14.4)

®  Crash Effects of Access Management (Section 14.5)

®  Crash Effects of Intersection Design Elements (Section 14.6)

®  Crash Effects of Intersection Traffic Control and Operational Elements
(Section 14.7)

®  Conclusion (Section 14.8)

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

14.2. DEFINITION, APPLICATION, AND ORGANIZATION OF AMFS

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

Specifically, the AMFs presented in this chapter can be used in conjunction with
activities in Chapter 6 Select Countermeasures, and Chapter 7 Economic Appraisal. Some
Part D AMFs are included in Part C for use in the predictive method. Other Part D
AMFs are not presented in Part C but can be used in the methods to estimate change
in crash frequency described in Section C.7 of the Part C Introduction and Applications
Guidance. Chapter 3 Fundamentals, Section 3.5.3 Accident Modification Factors
provides a comprehensive discussion of AMFs including: an introduction to AMFs,

Chapter 14 presents
intersection type, access
management, intersection
design elements, and
intersection traffic control
and operation treatments
with AMFs.

Chapter 3 provides a
thorough definition and
explanation of AMFs.
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41 how to interpret and apply AMFs, and applying the standard error associated with
42| AMFs.

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

The treatments are
organized into 3 categories:

treatments with AMFs; 45 1. AMEF is available;
treatments with trend

. .. 46 2. Sufficient information is available to present a potential trend in crashes or
information; and, no trend . .
. ) 47 user behavior, but not to provide an AMF;
or AMF information.
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 the HSM, 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| 14.3. DEFINITION OF AN INTERSECTION

61 An intersection is defined as “the general area where two or more roadways join

62| or cross, including the roadway and roadside facilities for traffic movements within
Section 14.3 defines an 63| the area”.® This chapter deals with at-grade intersections including signalized, stop-
intersection in Part D. 64 controlled, and roundabout intersections.

65 An at-grade intersection is defined “by both its physical and functional areas”, as

66 | illustrated in Exhibit 14-1.% The functional area “extends both upstream and
67| downstream from the physical intersection area and includes any auxiliary lanes and
68 their associated channelization.”® As illustrated in Exhibit 14-2, the functional area
69| on each approach to an intersection consists of three basic elements:®

70 B Decision distance;
71 ®  Maneuver distance; and,
72 " Queue-storage distance.
Page 14-2 Part D / Accident Modification Factors
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Exhibit 14-1: Intersection Physical and Functional Areas

Intersection Physical Area

Intersection Functional Area

Exhibit 14-2: Elements of the functional area of an intersection @

Begin

Deceleration Begin Perception
Completed Deceleration Reaction
_J b l l l

61 e m) Nt m) NEm)| (G5

@m
Stopping queue or
storage length Maneuver distance Decision distance

Functional or impact length

Cross Street

The definition of an intersection accident tends to vary between agencies.® Some
agencies define an intersection accident as one which occurs within the intersection
crosswalk limits or physical intersection area. Other agencies consider all accidents
within a specified distance, such as 250-ft, from the center of an intersection to be
intersection accidents.® However, not all accidents occurring within 250-ft of an
intersection can be considered intersection accidents, since some of these may have

Part D / Accident Modification Factors
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Section 14.4.2 provides
AMFs for treatments related
to intersection types.

84| occurred regardless of the existence of an intersection. Consideration should be given
85| to these differences in definitions when evaluating conditions and seeking solutions.

86 14.4.
87 14.4.1.
88

CRASH EFFECTS OF INTERSECTION TYPES

Background and Availability of AMFs

The following section provides information on the AMFs for different
89| intersection types (e.g. a stop controlled, traffic signal, roundabout). The different
0n | intersection types are defined by their basic geometric characteristics and the

governing traffic control device at the intersection. Types of traffic control for at-
grade intersections include traffic control signals, stop-control, and yield-control.

The AMFs are summarized in Exhibit 14-3. This exhibit also contains the section

number where each AMF can be found.

Exhibit 14-3: Treatments Related to Intersection Types

HSM
Section

Treatment

Urban

Suburban

Rural

Stop

Stop

Signal

Stop

Minor
Road

All- 3- 4-
Way | Leg Leg

Minor
Road

All-
Way

3-
Leg

4-
Leg

Minor
Road

All- 3- 4-
Way | Leg Leg

14.4.2.1

Convert four-leg
intersection to
two three-leg
intersections

14.4.2.2

Convert
signalized
intersection to a
modern
roundabout

N/A

N/A v v

N/A

N/A

N/A

N/A v v

14.4.2.3

Convert stop-
controlled
intersection to a
modern
roundabout

v N/A | N/A

N/A

N/A

v N/A | N/A

14.4.2.4

Convert minor-
road stop
control to all-
way stop control

14.4.2.5

Remove
unwarranted
signal on one-
way streets (i.e.
convert from
signal to stop
control on one-
way street)

14.4.2.6

Convert stop
control to signal
control

v

T N/A N/A

N/A

N/A

- N/A | N/A

96 NOTE:

97
98

99
100

v = 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.
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14.4.2. Intersection Type Treatments with Accident Modification
Factors

14.4.2.1. Convert Four-Leg Intersection to Two Three-Leg Intersections

At specific sites where the opportunity exists, four-leg intersections with minor-
road stop control can be converted into a pair of three-leg intersections.® These
“offset” or “staggered” intersections can be constructed in one of two ways: right-left
(R-L) staggering or left-right (L-R) staggering as shown in Exhibit 14-4.

Exhibit 14-4: Two Ways of Converting Four-Leg Intersection into Two Three-Leg
Intersections

, b

(R-L)

=1
- v (L-R)

The effect on crash frequency of converting an urban four-leg intersection with
minor-road stop control into a pair of three-leg intersections with minor-road stop
control is dependent on the proportion of minor-road traffic at the intersection prior
to conversion.® However, no conclusive results about the difference in crash effect
between right-left or left-right staging of the two resulting three-leg intersections
were found for this edition of the HSM.

Urban minor-road stop-controlled intersections

Exhibit 14-5 summarizes the AMFs known for converting an urban intersection
from a four-leg intersection with minor-road stop control into a pair of three-leg
intersections with minor-road stop control. The crash effects are organized based on
the proportion of the minor-road traffic compared to the total entering volume as
follows:

®  Minor-road traffic > 30% of Total Entering Traffic
®  Minor-road traffic =15% to 30% of Total Entering Traffic

®  Minor-road traffic <15% of Total Entering Traffic

The study from which this information was obtained did not indicate a distance
or range of distances between the two three-leg intersections nor did it indicate
whether or not the effect on crash frequency changed based on the distance between
the two three-leg intersections.

The base condition for the AMFs summarized in Exhibit 14-5 (i.e., the condition
in which the AMF = 1.00) is an urban four-leg two-way stop controlled intersection.

Part D / Accident Modification Factors
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133
134

135
136
137

138
139

140
141

142
143
144
145

146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

Exhibit 14-5: Potential Crash Effects of Converting Four-Leg Intersection to Two Three-
Leg Intersections®

Treatment Setting Traffic Volume Accident type AMF Std. Error
(Intersection (Severity)
type)
Minor-road Al _types 067 01
traffic >30% | (Injury)
of total
All types
i 0.90* 0.09
entering (Non-injury)
|(éc;nvert four- L Minor-road (AIILtL):E)e)s 0.75 0.08
rban ic = 15-
intersection tra:flc 15 jury.
into two T- (Four-leg) 30% of total All types
; : entering - 1.00* 0.09
intersections (Non-injury)
Minor-road All pres 1.35 0.3
traffic <15% (Injury)
of total All types
entering 1.15 0.1

(Non-injury)

Base Condition: Urban four-leg intersection with minor-road stop control

NOTE: Based on U.S. studies: Hanna, Flynn and Tyler 1976; Montgomery and Carstens 1987; and International
studies: Lyager and Loschenkohl 1972; Johannessen and heir 1974; Vaa and Johannessen 1978; Brude
and larsson 1978; Cedersund 1983; Vodahl and Giaever 1986; Brude and Larsson 1987

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

* Observed variability suggests that this treatment could result in an increase, decrease or no change in
crashes. See Part D Introduction and Applications Guidance.

The gray box below illustrates how to apply the information in Exhibit 14-5 to
calculate the crash frequency effects of converting a four-leg intersection to two three-

leg intersections.
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Effectiveness of Converting a Four-Leg Intersection to Two Three-

Leg Intersections

Question:

A minor street crosses a major urban arterial forming a four-leg intersection. The
minor street approaches are stop-controlled and account for approximately 10
percent of the total intersection entering traffic volume. A development project has
requested that one approach of the minor street be vacated and replaced with a
parallel connection at another location. The governing agency is investigating the
effect of the replacement of the four-way intersection with two new three-way
intersections. What will be the likely change in expected average crash frequency?

Given Information:

Find:

e Existing two-way stop-controlled intersection at a major urban road and a
minor street

e Existing minor street intersection entering volume is approximately
10-percent of total intersection entering volume

e Expected average crash frequency without treatment (see Part C Predictive
Method) = 7 crashes/year

e Expected average crash frequency with two three-way stop-controlled
intersections

e Change in expected average crash frequency

Answer:

D

2)

3)

Identify the Applicable AMF
AMF = 1.15 (Exhibit 14-5)

Calculate the 95 Percentile Confidence Interval Estimation of Crashes with the
Treatment

Expected Crashes with treatment: = [1.15 + (2 x 0.10)] x (7 crashes/year) =
6.7 or 9.5 crashes/year

The multiplication of the standard error by 2 yields a 95% probability that the
true value is between 6.7 and 9.5 crashes/year. See Section 3.5.3 in Chapter 3
Fundamentals for a detailed explanation.

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:
High Estimate = 7 — 6.7 = 0.3 crashes/year decrease

Low Estimate = 9.5 — 7 = 2.5 crashes/year increment

4) Discussion: This example shows that it is more probable that the
treatment will result in an increase in crashes, however, a slight crash
decrease may also occur.

Part D / Accident Modification Factors
Chapter 14—Intersections
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14.4.2.2.  Convert Signalized Intersection to a Modern Roundabout

Roundabouts reduce traffic speeds as a result of their small diameters, deflection
angle on entry, and circular configuration. Roundabouts also change conflict points
from crossing conflicts to merging conflicts. Their circular configuration requires
vehicles to circulate in a counterclockwise direction. The reduced speeds and conflict
points contribute to the crash reductions experienced compared to signalized
intersections.

The reduced vehicle speeds and motor vehicle conflicts are the reason
roundabouts are also considered as a traffic calming treatment for locations
experiencing characteristics such as higher than desired speeds and/or cut through
traffic.

Exhibit 14-6 is a schematic figure of a modern roundabout with the key features
labeled.

Exhibit 14-6: Modern Roundabout Elements@®?

Central Island

Circulatory
Roadway Width

Entry Radius

Exit Width -
Departure
Width

Approach

Width Entry Width </
Exit Radius
Truck Apron
Splitter Island Yield Line

Urban, suburban, and rural signalized intersections
Exhibit 14-7 summarizes the effects on crash frequency related to:

B Converting an urban signalized intersection to a single- or multilane modern
roundabout; and

B Converting a signalized intersection in any setting (urban, rural or suburban)
into a single- or multilane modern roundabout.

The predictive method for urban and suburban arterials in Chapter 12 includes a
procedure for roundabouts at intersections that were previously signalized that is
based on the AMF in Exhibit 14-7 for installing modern roundabouts in all settings.

Page 14-8

Part D / Accident Modification Factors
Chapter 14—Intersections



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

Highway Safety Manual — 1°° Edition Current as of April 6, 2009

The base condition for the AMFs summarized in Exhibit 14-7 is a signalized
intersection.

Exhibit 14-7: Potential Crash Effects of Converting Signalized Intersections into Modern

Roundabout®?
Treatment Setting Traffic Accident type AMF Std. Error
(Intersection type) Volume (Severity)
All types
ypes 0.99* 0.1
Urban (All severities)
(One or two lanes) All types
! 0.40 0.1
Convert (Injury)
signalized
intersection to Suburban Unspecified Al types » 0.33 0.05
modern (Two lanes) (All severities)
roundabout All types
o 0.52 0.06
All settings (All severities)
(One or two lanes) All types
.yp 0.22 0.07
(Injury)

Base Condition: Signalized intersection

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

Observed variability suggests that this treatment could result in an increase, decrease or no change in
crashes. See Part D Introduction and Applications Guidance.

The study from which this information was obtained does not contain information related to the posted or
observed speeds at or on approach to the intersections that were converted to a modern roundabout.

In this instance, the observed variability related to the AMF indicates that the
treatment could result in an increase, decrease, or no change in crashes at the
intersection (see Exhibit 14-7).67

Information regarding pedestrians and bicyclists at modern roundabouts is
contained in Appendix A.

14.4.2.3.  Convert a Stop-Controlled Intersection to a Modern Roundabout

Urban, suburban, and rural stop controlled intersections

Exhibit 14-8 summarizes the crash effects related to:

®  Converting an intersection with minor-road stop control to a modern
roundabout;

®  Converting a rural intersection with minor-road stop control to a one-lane
modern roundabout;

®  Converting an urban intersection with minor-road stop control to a one-lane
modern roundabout;

®  Converting an urban intersection with minor-road stop control to a two-lane
modern roundabout;

®  Converting a suburban intersection with minor-road stop control to a one-
lane or two-lane modern roundabout; and

®  Converting an all-way stop-controlled intersection in any setting to a
modern roundabout.

The AMFs in Exhibit 14-7
are also used in Chapter
12: Urban and Suburban
Arterials.

Part D / Accident Modification Factors
Chapter 14—Intersections
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The predictive method for urban and suburban arterials in Chapter 12 includes a
procedure for roundabouts at intersections that previously had minor-road stop
control. This procedure is based on the AMF for installation of modern roundabouts

in all settings presented in Exhibit 14-8.

The base condition for the AMFs shown in Exhibit 14-8 (i.e., the condition in

which the AMF = 1.00) is a stop-controlled intersection.

Exhibit 14-8: Potential Crash Effects of Converting Stop-Controlled Intersections to

Modern Roundabout®?

Treatment Setting Traffic Volume Accident type AMF Std. Error
(Intersection type) (Severity)
All types
All settings (All severities) 0.56 0.05
(One or Two lanes) All types
'yp 0.18 0.04
(Injury)
All types
Rural (All severities) 0.29 0.04
One lane
¢ ) All types 0.13 0.04
(Injury)
All types
Urban (All severities) 0.71 0.1
One or Two lanes
( ) All types 019 o1
(Injury)
All types
Convert Urban (All severities) 0.61 0.1
intersection with
. One |
minor-road stop (One lane) AIH j(ypes 0.22 0.1
control to modern (Injury)
roundabout Urban ifi
Unspecified All types N 0.88 0.2
(Two lane) (All severities)
All types
Suburban (All severities) 0.68 0.08
One or Two lanes
( ) All types 0.29 0.1
(Injury)
All types
Suburban (All severities) 0.22 0.07
One lane
( ) All types 0.22 o1
(Injury)
All types
Suburban (All severities) 0.81 0.1
Two lane
¢ ) All types 0.32 0.1
(Injury)
Convert all-way
stop-controlled All settings All types 1.03* 0.2
intersection to (One or Two lanes) (All severities) ’ ’
roundabout

Base Condition: Stop-controlled intersection

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

Observed variability suggests that this treatment could result in an increase, decrease or no change in
crashes. See Part D Introduction and Applications Guidance.

The study from which this information was obtained does not contain information related to the posted or
observed speeds at or on approach to the intersections that were converted to a modern roundabout.
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In this instance, the observed variability of the AMF indicates that the conversion
could result in an increase, decrease or no change in crashes (see Exhibit 14-8).67

Information regarding pedestrians and bicyclists at modern roundabouts is
contained in Appendix A.

14.4.2.4. Convert Minor-Road Stop Control to All-way Stop Control

The Manual on Uniform Traffic Control Devices (MUTCD) contains warrants to
determine when it is appropriate to convert an intersection with minor-road stop
control intersection to an all-way stop control intersection. The effects on crash
frequency described below assume that MUTCD warrants for converting a minor-
road stop-controlled intersection to an all-way stop-control intersection are met.

Urban and rural minor-road stop-controlled intersections

Exhibit 14-9 provides specific information regarding the crash effects of
converting urban intersections with minor-road stop control to all-way stop control
when established MUTCD warrants are met. The effect on pedestrian crashes is also
shown in Exhibit 14-9.

The base condition for the AMFs below (i.e., the condition in which the AMF =
1.00) is an intersection with minor-road stop control that meets MUTCD warrants to
become an all-way stop controlled intersection.

Exhibit 14-9: Potential Crash Effects of Converting Minor-Road Stop-Control to All-way
Stop-Control 22

Treatment Setting Traffic Accident type AMF Std. Error
(Intersection Volume (Severity)
type)
Right-angle
ght-ange 0.25 0.03
(All severities)
Convert minor- Rear-end
road stop Urban . 0.82 0.1
control to all- (MUTCD (All severities)
way stop warrants are Pedestrian 0.57 0.2
control22) met) - (All severities) ’ ’
Unspecified Al
es
el 0.30 0.06
(Injury)
Convert minor- Rural
road stop All types
control to all- (MUTCD P . 0.52 0.04
way stop warrants are (All severities)
control(16) met)

Base Condition: Intersection with minor-road stop control meeting MUTCD warrants for an all-way
stop controlled intersection.

NOTE: Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less.
Italic text is used for less reliable AMFs. These AMFs have standard errors between 0.2 to 0.3.
Conversions from two-way to all-way stop-control meet established MUTCD warrants.

14.4.2.5. Remove Unwarranted Signals on One-Way Streets

Unwarranted signals are those that do not meet the warrants outlined in the
MUTCD.

Part D / Accident Modification Factors
Chapter 14—Intersections
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292 Urban Signalized Intersections

293 Exhibit 14-10 summarizes the specific AMFs related to removing unwarranted
294 | traffic signals. This AMF may not be applicable to major arterials and is not intended
295| toindicate the crash effects of installing unwarranted signals.

296 The base condition for the AMFs summarized in Exhibit 14-10 (i.e., the condition
297 | in which the AMF = 1.00) is an unwarranted traffic signal located on an urban one-
298| way street.

299 Exhibit 14-10: Potential Crash Effects of Removing Unwarranted Signals®?>

Treatment Setting Traffic Accident type AMF Std. Error
(Intersection Volume (Severity)
type)
All types
yp - 0.76 0.09
(All severities)
Urban -
(one-lane nght-angle
Remove one-way and Turning 0.76 0.1
unwarranted | streets, Unspecified | (All severities)
signal excluding Rear-end
i 0.71 0.2
mayor (All severities)
arterials)

Pedestrian

. 0.82 0.3
(All severities)

Base Condition: Unwarranted traffic signal on an urban one-way street

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

302 14.4.2.6.  Convert Stop Control to Signal Control

303 Prior to installing a traffic signal, an engineering study of traffic conditions,
304 | pedestrian characteristics, and physical characteristics of the location is typically
305| performed to determine whether installing a traffic signal is warranted at a particular
306 | location as outlined in the MUTCD. The satisfaction of a traffic signal warrant or
307 | warrants does not in itself require installing a traffic signal.

308 Urban and rural minor-road stop-controlled

309 Exhibit 14-11 summarizes the AMFs related to Converting a stop-controlled
310 | intersection to a signalized intersection. The AMF presented for urban intersections
311 applies only for intersections with a major road speed limit at least 40 mph.

312 The base condition for the AMFs summarized in Exhibit 14-11 (i.e., the condition
313 | in which the AMF = 1.00) is a minor-road stop controlled intersection in an urban or
314 | rural area.

315
316
317
318
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Exhibit 14-11: Potential Crash Effects of Converting from Stop to Signal Control®*?

Traffic
Setting Volume )
(Intersection AADT Accident type
Treatment type) (veh/day) (Severity) AMF Std. Error
All t
ypes: 0.95* 0.09
Urban (All severities)
(major road . Right-angle
speed limit at | Unspecified Al " 0.33 0.06
least 40 mph; (All severities)
4leg® Rear-end
9 earend 2.43 0.4
(All severities)
Install a traffic All types
- 0.56 0.03
signal (All severities)
Major road Riaht |
Rural 3,261 to \ght-angle 0.23 0.02
29,926; (All severities)
(34?1% and 4= Minor road Left-turn
leg %) 101 to " 0.40 0.06
(All severities)
10,300
Rear-end
. 1.58 02
(All severities)

Base Condition: Minor-road stop-controlled intersection

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

* Observed variability suggests that this treatment could result in an increase, decrease, or no change in
crashes. See Part D Applications Guidance.

14.5. CRASH EFFECTS OF ACCESS MANAGEMENT

14.5.1. Background and Availability of AMFs

Access management is a set of techniques designed to manage the frequency and
type of conflict points at public intersections and at residential and commercial access
points. The management of access, namely the location, spacing, and design of
private and public intersections, is an important element in roadway planning and
design. Access management provides or manages access to land development while
simultaneously preserving traffic safety, capacity, and speed on the surrounding
road system, thus addressing congestion, capacity loss, and accidents on the nation’s
roadways while balancing mobility and access across various facility types.(220

The effects on crash frequency of access management at or near intersections are
not known to a sufficient degree to present quantitative information in this edition of
the HSM. Trends regarding the potential crash effects or changes in user behavior
are discussed in Appendix A. The material focuses on the location of access points
relative to the functional area of an intersection (see Exhibit 14-1 and Exhibit 14-2).
AASHTO’s Policy on Geometric Design states that “driveways should not be situated
within the functional boundary of at-grade intersections”.? In the HSM, access points
include minor or side-street intersections and private driveways. Exhibit 14-12
summarizes common access management treatments; there are currently no AMFs
available for these treatments. Appendix A presents general information and
potential change in crash trends for these treatments.

There are no access
management
treatments with
AMFs. Trends
related to these
treatments are
summarized in
Appendix A.

Part D / Accident Modification Factors
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346 Exhibit 14-12: Treatments Related to Access Management

HSM Section Treatment Urban Suburban Rural
Stop Signal Stop Signal Stop Signal
Minor All- 3- 4- Minor All- 3- 4- Minor All- 3- 4-
Road | Way | Leg | Leg Road | Way | Leg | Leg Road | Way | Leg | Leg
Close or
relocate
access
Appendix A points in T T T T T T T T T T T T
intersection
functional
area
Provide
Appendix A corner T T T T T T T T T T T T
clearance
347 NOTE: T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user
348 behavior is known and presented in Appendix A.
349 14.6. CRASH EFFECTS OF INTERSECTION DESIGN ELEMENTS
350 14.6.1. Background and Availability of AMFs
351 The following sections provide information on the crash effects of treatments
352 related to intersection design elements. The treatments discussed in this section and
353 | the corresponding AMFs available are summarized below in Exhibit 14-13.
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
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372 Exhibit 14-13: Treatments Related to Intersection Design Elements

HSM Treatment Urban Suburban Rural
Section
Stop Signal Stop Signal Stop Signal
Minor All- 3- 4- Minor All- 3- 4- Minor All- 3- 4-
Road Way Leg Leg Road Way Leg Leg Road Way Leg Leg
14.6.2.1 Reduce intersection _ _ _ _ _ _ _ _ v v _ _
skew angle

Provide a left-turn lane
14.6.2.2 | on approach(es) to v - v | N/A - - - - v - v | N/A
three -leg intersections

Provide a left-turn lane
14.6.2.3 | on approach(es) to v - NA | v - - - - v - NA | vV
four-leg intersections

Provide a channelized
14.6.2.4 | left-turn lane at four- - - N/A - - - N/A - v v N/A | vV
leg intersections

Provide a channelized
14.6.2.5 left-turn lane at three- - - - N/A - - - N/A v v v | N/A
leg intersections

Provide a right-turn
14.6.2.6 | lane on approach(es) v - v v - - - - v - v v
to an intersection

14.6.2.7 Incrgase i_ntersection v v _ v v v . v v v _ .
median width
14.6.2.8 ErOV.Ide intersection v v v v v v v v v v v v
lighting
Provide bicycle lanes
Appendix or wide curb lanes at T T T T T T T T T T T T
intersections
Appendix | Narrow roadway at T T T T T T T T T T T | T
pedestrian crossing
. Install raised
Appendix pedestrian crosswalk T T - B T T B B B B B B
Appendix Insta!l raised bicycle _ _ T T _ _ T T _ _ T T
crossing
Mark crosswalks at
Appendix gncontrqlled locations, T _ _ _ T _ _ _ T _ _ _
intersection or
midblock
Provide a raised
. median or refuge
Appendix island at marked and T T T T T T T T T T T T
unmarked crosswalks
373 NOTE: v =Indicates that an AMF is available for this treatment.
374 T = Indicates that an AMF is not available but a trend regarding the potential change in crashes or user
375 behavior is known and presented in Appendix A.
376 - = Indicates that an AMF is not available and a trend is not known.
377 N/A = Indicates that the treatment is not applicable to the corresponding setting.
Part D / Accident Modification Factors Page 14-15
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378 14.6.2. Intersection Design Element Treatments with Accident
379 Modification Factors
Crash effects of intersection 380 14.6.2.1. Reduce Intersection Skew Angle
design glerzgnts are 381 A skewed intersection has an angle of less than 90 degrees between the legs of
ijn;n;anze In section 382 the intersection; an intersection’s skew is measured as the absolute value of the
R 383 difference between 90 degrees and the actual intersection angle. Exhibit 14-14
384 illustrates a skewed intersection and how the skewed angle is measured.
385 Exhibit 14-14: Skewed Intersection
| _14
~
ANGLE
386
387 An intersection that is closer to perpendicular reduces the extent to which drivers
388 | must turn their head and neck to view approaching vehicles. This can be particularly
389 | Dbeneficial to older drivers. Reducing the intersection skew angle can also result in
390 | increased sight distance. Drivers may then be better able to stay within the
391 | designated lane and better able to judge gaps in the crossing traffic flow.® Reducing
392 | the intersection skew angle can reduce crossing distances for pedestrians and
393 vehicles, which reduces exposure to conflicts.
394 Intersection skew angle may be less important for signalized intersections than
395 for stop-controlled intersections. A traffic signal separates most conflicting
396 movements so the risk of accidents related to the skew angle between the intersecting
397 approaches is limited.?® The crash effect of the skew angle at a signalized
398 intersection may, however, also depend on the operational characteristics of the
399 traffic signal control.
400 Rural stop controlled intersections
401 Presented below are AMFs in the form of a function. One set is applicable to
402 intersections on rural two-lane highways (Equations 14-1 and 14-2); the second set is
403 applicable to intersections on rural multilane highways (Equations 14-3 through
404 14-6).
405 Intersections on Rural Two-Lane Highways
406 The crash effect of changing intersection skew angle at rural three-leg
407 intersections with minor-road stop control is represented by the following AMEF: (¢
408 AMF = g ©-0090 <SKEW) (14-1)
Page 14-16 Part D / Accident Modification Factors
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Where,
AMF = accident modification factor for total accidents; and

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

An analogous AMF for the crash effect of changing intersection skew angle at
rural four-leg intersections with minor-road stop control is represented by:(1

AMF = 6(0.0054 xSKEW) (14_2)

The AMFs in Equations 14-1 and 14-2 are used in the predictive method for rural
two-lane highways in Chapter 10. The base condition for these AMFs (i.e., the
condition in which the AMF = 1.00) is the absence of intersection skew (i.e., a 90-
degree intersection). The standard error of these AMFs is unknown.

Exhibit 14-15 below illustrates the relationship between the skew angle and the
AMF value.

Exhibit 14-15: Potential Crash Effects of Skew Angle for Intersections with Minor-Road
Stop Control on Rural Two-Lane Highways

1.70
= = = Three-Leg Intersections
1.60 —Four-Leg Intersections |
1.50
$ 1.40
2
<l
>
s
< 1.30 A
1.20
1.10 - i
1.00 T

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 85
Skew Angle (degrees)
The graph shown above indicates that, as the skew angle increases, the value of

the AMF increases above 1.0, indicating an increase in crash frequency as the angle
between the intersecting roadways deviates further from 90 degrees.

The gray box below presents an example of how to apply the preceding
equations to assess the crash effects of reducing intersection skew angle at rural two-
lane highway intersections with minor-road stop control.
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Effectiveness of Reducing Intersection Skew Angles

Question:
A three-leg intersection with minor-road stop control on a rural two-lane highway has
an intersection skew angle of approximately 45°. Due to redevelopment adjacent to
the intersection, the governing jurisdiction has an opportunity to reduce the skew
angle to 10°. What will be the likely change in expected average crash frequency?

Given Information:

Find:

e  Existing intersection skew angle = 45°
e Reduced intersection skew angle = 10°

e Expected average crash frequency without treatment (See Part C Predictive
Methods) = 15 crashes/year

e Expected average crash frequency with reduced skew angle

e Change in expected average crash frequency

Answer:

1

2)

3)

4)

5)

6)

7)

Identify the applicable AMF equation
AMF = @©0040=SKEW)  (Equation 14-1 or Exhibit 14-15)

Calculate the AMF for the existing condition
AMF _ 6(0.0040x45) =1.20

Calculate the AMF for the after condition
AMF — 6(0.0040><10) =1.04

Calculate the treatment AMF (AMFrreatment) COrresponding to the change in SKEW
angle

AMFrreatment = 1.04/1.20 = 0.87

The AMF corresponding to the treatment condition (reduced skew angle) is
divided by the AMF corresponding to the existing condition yielding the treatment
AMF (AMFteatment)- The division is conducted to quantify the difference between
the existing condition and the treatment condition. The Part D Introduction and
Applications Guidance contains additional information.

Apply the AMFreatment 0 the expected average crash frequency at the intersection
without the treatment.

Expected Crashes with Treatment = 0.87 x 15 crashes/year = 13.0 crashes/year

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

Change in Expected Average Crash Frequency:
15.0— 13.0 = 2.0 crashes/year reduction

Discussion: This example shows that expected average crash frequency
may potentially be reduced by 2.0 crashes/year with the skew angle
variation from 45 to 10 degrees. A standard error was not available for
this AMF, therefore a confidence interval for the reduction cannot be
calculated.
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Intersections on Rural Multilane Highways

The crash effect of skew angle for three-leg intersections with minor-road stop
control is represented by:?%

0.016 x SKEW (14-3)

AMF = +1.0
(0.98 +0.16 x SKEW)

This AMF applies to total intersection accidents. The analogous AMF for four-leg
intersections with minor-road stop control is: ?%

AME — 0.053 x SKEW 10 (14-4)
(1.43 +0.53 x SKEW)

Exhibit 14-16: Potential Crash Effects of Skew Angle of Three- and Four-leg Intersections
with Minor-road Stop Control on Rural Multilane Highways

19

= = = Three-Leg Intersections

1.8 )
——Four-Leg Intersections

17

1.6

-

151 -

AMF Values
13
'
.

1.4 -

1.39 .7

1.2 .

1.1 e

1 T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Skew Angle (Degrees)

Equivalent AMFs for the crash effect of intersection skew on fatal and injury
accidents (excluding possible-injury accidents, also known as C-injury accidents) for
three-leg intersections with minor-road stop control are presented as Equations 14-5
and 14-6: ?0)

e O0I7xSKEW (14-5)

KAB +
(0.52 +0.17 x SKEW)

Where,

AMFxsp = AMF for fatal-and-injury accidents (excluding possible-injury
accidents, also known as C-injury accidents)

For four-leg intersections with minor-road stop control: @
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488 v, = 0098xSKEW (14-6)
(0.72 +0.48 x SKEW)
489 Exhibit 14-17: Potential Crash Effects of Skew Angle on Fatal and Injury Accidents for
490 Three- and Four-leg Intersections with Minor-road Stop Control
1.9
= = =Three-Leg Intersections
1.8
= Four-Leg Intersections
R s
The AMFs related to skew .-
and presented in Equations 1.6 4
14-3 through 14-6 are used 2
in the predictive method for TE 15 P
rural multilane highways in g LT
Chapter 11. g 147 Lo
< L
13 =
121 o
1d [
1 T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Skew Angle (Degrees)
491
492 The AMFs presented in Equations 14-3 through 14-6 are used in the predictive
493 | method for rural multilane highways in Chapter 11 to represent the effect of
494 | intersection skew at intersections with minor-road stop control. The variability of
495| these AMFs is unknown.
496 14.6.2.2. Provide a Left-Turn Lane on One or More Approaches to Three-Leg
497 Intersections
498 Urban and rural 3-leg minor-road stop-controlled intersections, urban and rural
499 3-leg signalized intersections
500 By removing left-turning vehicles from the through-traffic stream, conflicts with
501 | through vehicles can be reduced or even eliminated depending on the signal timing
502 | and phasing scheme. Providing a left-turn lane allows drivers to wait in the turn lane
503 | until a gap in the opposing traffic allows them to turn safely. The left-turn lane helps
504 | toreduce conflicts with opposing through traffic.®
505 Exhibit 14-18 summarizes the crash effects of providing a left-turn lane on one
506 | approach of three-leg intersections under the following settings:
507 ®  Rural intersections with minor-road stop control;
508 B Urban intersections with minor-road stop control; and
509 ®  Rural or urban signalized intersections.
510 The AMFs in Exhibit 14-18 are used to represent the crash effects of providing
511 left-turn lanes at three-leg intersections in the predictive method in Chapters 10, 11,
512| and 12. These AMFs apply to installing left-turn lanes on approaches without stop
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control at unsignalized intersections and on any approach at signalized intersections.
The AMFs for installing left-turn lanes on two intersection approaches would be the
AMEF values shown in Exhibit 14-18 squared.

The base condition for the AMFs summarized in Exhibit 14-18 (i.e., the condition
in which the AMF = 1.00) is a three-leg intersection approach without a left-turn lane.

Exhibit 14-18: Potential Crash Effects of Providing a Left-Turn Lane on One Approach to
Three-Leg Intersections@516)

Treatment Setting Traffic Volume Accident AMF Std. Error
(Intersection type) AADT type
(veh/day) (Severity)
Major road All types
Rural 1,600 to (All 0.56 0.07
(minor-road stop-controlled 32,400, Minor | severities)
three-leg intersection) 6 road 50 to All types
11,800 . 0.45 0.1
(Injury)
Major road
Urban 1,520 to All types
(minor-road stop-controlled 40,600, Minor (All 0.67 0.2
Provide a | three-leg intersection)® ;%%% 200 to severities)
left-turn
lane on Rural
one (Signal-controlled three-leg 0.85 N/A°
major- intersection)(16) All types
road Unspecified (All
approach | Urban severities)
(Signal-controlled three- leg 0.93 N/A°
intersection)(16)
Urban
(Signal-controlled three-leg 0.94 N/A°
intersection) (1% All types
Unspecified .yp
Urban (Injury)
(Minor-road stop-controlled three- 0.65 N/A°
leg intersection)(%)

Base Condition: A three-leg intersection without left-turn lanes.

NOTE: AMFs apply to installation of left-turn lanes for uncontrolled approaches at unsignalized intersections and
for any approach at signalized intersections.

Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less.
Italic text is used for less reliable AMFs. These AMFs have standard errors between 0.2 to 0.3.
° Standard error of the AMF is unknown.

14.6.2.3.  Provide a Left-Turn Lane on One or More Approaches to Four-Leg
Intersections

This section addresses the crash effects of providing a left-turn lane on one or
two approaches to a four-leg intersection. The left-turn lanes addressed in this section
may be defined by either painted or raised channelization.

Urban and rural 4-leg minor-road stop-controlled intersections, urban and rural
4-leg signalized intersections

By removing left-turning vehicles from the through-traffic stream, conflicts with
through vehicles can be reduced or even eliminated depending on the signal timing
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535| and phasing scheme. Providing a left-turn lane allows drivers to wait in the turn lane
536 | until a gap in the opposing traffic allows them to turn safely. The left-turn lane helps
537 |  to reduce conflicts with opposing through traffic.®

538 Left-turn lane on one approach

539 Providing a left-turn lane on one approach to a four-leg intersection reduces
540 | crashes of various types and severities under the following settings:

541 ®  Rural or urban intersection with minor-road stop control;

542 ®  Rural signalized intersection;

543 B Urban signalized intersection; and

544 ® Urban intersection with recently implemented signal control (i.e. newly
545 signalized). 19

546 Exhibit 14-19 provides specific information regarding the AMFs that are used to

547 | calculate change in crashes. The AMFs in Exhibit 14-19 are used to represent the
548 | crash effects of providing left-turn lanes at four-leg intersections in the predictive
549 | method in Chapters 10, 11, and 12. These AMFs apply to installing left-turn lanes on
550 | approaches without stop control at unsignalized intersections and on any approach
551 | atsignalized intersections.

552 The base condition for the AMFs summarized in Exhibit 14-19 (i.e., the condition
553 | in which the AMF = 1.00) is a four-leg intersection without left-turn lanes on the
554 | major-road approaches.

555
556
557
558
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559 Exhibit 14-19: Potential Crash Effects of Providing a Left-Turn Lane on One Approach to The AMFs in Exhibit 14-19

560 Four-Leg Intersections(6)
are used to represent the
crash effects of providing
Treatment Setting Traffic Volume Accident type AMF Std. Error left-turn lanes at four-leg
(Intersection type) AADT (veh/day) (Severity) intersections in the
All types redictive methods in
Rural Major road 1,600 to L 0.72 0.03 P
) : (All severities) Chapters 10, 11, and 12
(four-leg Minor-road stop- 32,400, Minor road 50 - s :
controlled intersection) to 11,800 All types 0.65 0.04
(Injury)
Urban All types
(four-leg minor-road stop- Major road 1,520 to (All severities) 073 004
N IIgdf | p 40,600, Minor road
conirotied Tour-ieg 200 to 8000 Al types 0.71 0.05
intersection) (Injury) : .
tProwlde aleft- | pral All types
urn lane on .
- - i i Unspecified 0.82 N/A®
one major- i(r]:?:rrsleecgt’is:]g)nahzw P (All severities)
road approach
) All types 0.90% 0.1
Urban Major roa(_j 7,200 to (Al severities) : :
(four-leg Signalized 55,100, Minor road
intersection) 550 to 2,600 All types 0.91 0.02
(Injury)
Al types 0.76 0.03
Urban Major road 4,600 to (All severities) ’ '
(four-leg Newly signalized 40,300, Minor road
Intersection) 100 to 13,700 All types 0.72 0.06
(Injury)
Base Condition: A four-leg intersection without left-turn lanes
561 NOTE: AMFs apply to installing left-turn lanes for uncontrolled approaches at unsignalized intersections and for
562 any approach at signalized intersections.
563 Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less.
564 ° Standard error of AMF is unknown.
565 * Observed variability suggests that this treatment could result in an increase, decrease or no change in
566 crashes. See Part D Introduction and Applications Guidance.
567

568 Left-turn lanes on two approaches

569 Exhibit 14-20 provides AMFs, analogous to those in Exhibit 14-19, for installing
570  left-turn lanes on two approaches to a four-leg intersection. The AMFs in Exhibit
571 14-20 are generally equivalent to the AMF values for one approach, shown in Exhibit
572 14-19, squared. For four-leg signalized intersections where left-turn lanes are
573  provided on three or four approaches, the AMF for providing left-turn lanes on three
574  or four approaches is equal to the AMF for installing left-turn lanes on one approach,
575  from Exhibit 14-19, raised to the third or fourth power, respectively.

When installing a left-turn
lane on more than one
approach, the AMF is raised
to a power equal to the
number of approaches.

576 The base condition for the AMFs summarized in Exhibit 14-20 (i.e., the condition
577  in which the AMF = 1.00) is a four-leg intersection without left-turn lanes on the
578  major-road approaches.

579

580
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581
582

583
584

585
586

587
588
589
590
591
592
593

594
595
596
597
598

Exhibit 14-20: Potential Crash Effects of Providing a Left-Turn lane on Two Approaches

to Four-Leg Intersections@®®

Treatment Setting Traffic Accident type AMF Std. Error
(Intersection Volume (Severity)
type) AADT
(veh/day)
Rural Major road Al ty
pes
0.52 0.04
(four-leg 1,500 to (All severities)
Minor-road stop- | 32,400,
controlled Minor road All types
intersection) 5010 11,800 | (jniury) 0.42 0.04
Urban Major road All types 0.53 0.04
(four-leg 1,500 to (All severities)
Minor-road stop- | 40,600, ]
controlled Minor roal All types
intersection) 200 to 8000 (Injury) 0.50 0.06
Provide a left- | Rural
turn lane on (four-leg All types
; Unspecified 0.67 N/A°
both major- Signalized P (All severities)
road intersection)
approaches
; All
Urban Major road ypes 0.81 0.1
7,200 to (All severities)
(four-leg 55 100
Signalized Minor road
; . All types
intersection) 550 to 2.600 . 0.83 0.02
’ (Injury)
Urban Major road All types
(four-leg 4,600 to (All severities) 058 0.04
| 40,300,
Newly ) Minor road
signalized 100 to All types 0.52 0.07
Intersection) 13,700 (Injury) ' '

Base Condition: A four-leg intersection without a left-turn lane

NOTE: AMFs apply to installing left-turn lanes for uncontrolled approaches at unsignalized intersections and for
any approach at signalized intersections.

(1) A newly signalized intersection is an intersection where the signal was installed in conjunction with left-
turn installation.

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

Italic text is used for less reliable AMFs. These AMFs have standard errors between 0.2 to 0.3.

° Standard error of AMF is unknown.

The gray box example below illustrates how the information in Exhibit 14-19 is
used to estimate the crash effects of providing a left-turn lane on two approaches to a
four-leg intersection.
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Effectiveness of Installing Left-Turn Lanes on Two Approaches of a
Four-Leg Intersection

Question:
A urban minor street with an estimated 2,000 vpd traffic volume intersects a major
arterial with an estimated 35,000 vpd traffic volume. The minor street is stop-
controlled. The governing jurisdiction has an opportunity to add left-turn lanes to both
major street approaches as part of a redevelopment project. What will be the likely
change in the expected average injury crash frequency?

Given Information:
e Existing roadways = an urban minor street and a major arterial

e Existing intersection type = four-leg intersection
e Existing intersection control = minor-street stop-controlled

e Expected average injury crash frequency without treatment (See Part C
Predictive Method) = 12 crashes/year

Find:
e Expected average injury crash frequency with installation of left-turn lanes

e Change in expected average injury crash frequency

Answer:
1) Identify the applicable AMF

AMF = 0.50 (Exhibit 14-20)

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

= [0.50 % (2 x 0.06)] x (12 crashes/year) = 4.6 or 7.4 crashes/year

The multiplication of the standard error by 2 yields a 95% probability that the
true value is between 4.6 and 7.4 crashes/year. See Section 3.5.3 in Chapter 3
Fundamentals for a detailed explanation of standard error application.

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

Change in Expected Average Crash Frequency:
Low Estimate = 12 - 7.4 = 4.6 crashes/year reduction
High Estimate = 12 - 4.6 = 7.4 crashes/year reduction

4) Discussion: This example illustrates that the construction of left-turn
lanes on both approaches of the major arterial may potentially cause
a reduction of 4.6 to 7.4 crashes per year. The confidence interval
estimation yields a 95% probability that the reduction will be
between 4.6 and 7.4 crashes per year.
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633 14.6.2.4. Provide a Channelized Left-Turn Lane at Four-Leg Intersections

634 Channelization is the separation of conflicting traffic movements into definite
635| travel paths. Channelization is achieved by traffic islands, i.e. physical
636 channelization, or by pavement markings, ie. painted channelization.’” Both
637 | physical and painted channelization are used to demarcate shared and exclusive
638 | lanes.

639 Rural 4-leg signalized, minor-road stop-controlled, and all-way stop controlled
640 intersections

641 The crash effects of providing a physically channelized left-turn lane on both
642 | major and minor-road approaches to a rural four-leg intersection are shown Exhibit
643 | 14-21.0

644 The crash effect of providing a physically channelized left-turn lane on only the
645| major-road approaches to a rural four-leg intersection is also shown in Exhibit
646 | 14-21.®

647 The base condition for the AMFs summarized in Exhibit 14-21 (i.e., the condition
648 | in which the AMF = 1.00) is a rural four-leg intersection without channelized left-turn
649 | lanes.

650 Exhibit 14-21: Potential Crash Effects of a Channelized Left-Turn Lane on Both Major and

651 Minor-Road Approaches at Four-Leg Intersections®
Treatment Setting Traffic Accident type AMF Std. Error
(Intersection Volume (Severity)
type)
Provide a
channelized
left-turn lane
on both major 0.73 0.1
and minor-
Rural

road
approaches (four-leg 5,000 to All types

- intersection 15,000 vpd (Injury)
Provide a Two-lane roads)
channelized
left-turn lane -
on both 0.96 0z
major-road
approaches

Base Condition: Rural four-leg intersection without channelized left-turn lanes.

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

654 * Observed variability suggests that this treatment could result in an increase, decrease or no change in
655 crashes. See Part D Introduction and Applications Guidance.

656 “vpd”= vehicles per day
657

658
659
660
661
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14.6.2.5. Provide a Channelized Left-Turn Lane at Three-Leg Intersections

Rural 3-leg signalized, minor-road stop-controlled, and all-way stop controlled
intersections

Exhibit 14-22 summarizes the crash effects of providing a physically channelized
left-turn lane on:

1. One major-road approach, and

2. One major-road approach and the minor-road approach to a rural three-leg
intersection.®

The base condition for the AMFs below (i.e., the condition in which the AMF =

1.00) is a rural three-leg intersection without channelized left-turn lanes.

Exhibit 14-22: Potential Crash Effects of a Channelized Left-Turn Lane at Three-Leg
Intersections®

Treatment Setting Traffic Accident type AMF Std.
(Intersection Volume (Severity) Error
type)
Provide a channelized All types
left-turn lane on . 0.73 0.2
major-road approach Rural (Injury)
Provide a channelized _(three-le_g 5,000 to
left-turn lane on Intersection 15,000 vpd Al t
- es
major-road approach | 1Wo-lane roads) i 1.16 0.2
and minor-road (Injury)
approach

Base Condition: Rural three-leg intersection without channelized left-turn lanes

NOTE: /talic text is used for less reliable AMFs. These AMFs have standard errors between 0.2 to 0.3.
“vpd”= vehicles per day

14.6.2.6. Provide a Right-Turn Lane on One or More Approaches to an
Intersection

This section addresses the effects on crash frequency of providing a right-turn
lane on one approach to an intersection. The right-turn lanes addressed in this section
may be defined by either painted or raised channelization.

Urban and rural signalized intersections, urban and rural minor-road stop
controlled intersections

Right-Turn Lane on One Intersection Approach

®  Exhibit 14-23 summarizes the crash effects of providing a right-turn lane on
one intersection approach by setting and intersection type.

The base condition for the AMFs in Exhibit 14-23 (i.e., the condition in which the
AMFs = 1.00) is an intersection without right-turn lanes on the major-road
approaches.
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689 Exhibit 14-23: Potential Crash Effects of Providing a Right-Turn Lane on One Approach to
The AMFs in Exhibit 14-23 690 an |ntersection(16)

apply to providing a right-

turn lane on an

Treatment Setting Traffic Accident type AMF Std. Error
uncontrolled approach to an (Intersection Volume (Severity)
unsignalized intersection or type) AADT (vpd)
any approach to a Rural and urban
signalized intersection. (three- or four- Major road Al types " 0.86 0.06
leg 1,520 to (All severities)
minor-road stop 40,600 Minor
) : road 25 to All types
Provide a controlled 26,000 vpd ni 0.77 0.08
right-turn lane | intersection) (Injury)
on one major- Allt
; es
road approach | oot and urban | Maior road ypes 0.96 0.02
7,200 to (All severities)
(three- or four- 55 100 Minor
!eg S|gna_I|zed road 550 to All types
intersection) 8,400 (Injury) 0.91 0.04

Base Condition: Intersection without right-turn lanes on major road approaches

691 NOTE: AMFs apply to installation of right-turn lanes for uncontrolled approaches at unsignalized intersections an
692 for any approach at signalized intersections.

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

694 Italic text is used for less reliable AMFs. These AMFs have standard errors between 0.2 to 0.3.

695 Right-turn Lane on Two Approaches to an Intersection

696 Exhibit 14-24 summarizes the crash effects of providing a right-turn lane on two
697 | approaches to a rural or urban intersection.

698 The AMFs in Exhibit 14-24 apply to providing a right-turn lane on an
699 | uncontrolled approach to an unsignalized intersection or any approach to a
700 | signalized intersection. The AMFs for providing right-turn lanes on approaches to an
701 intersection in Exhibit 14-24 are equivalent to the AMF values for one approach,
702| shown in Exhibit 14-23, squared. For signalized intersections where right-turn lanes
703 | are provided on three or four approaches, the AMF values for installing right-turn
704 | lanes is equal to the AMF value for installing a right-turn lane on one approach,
705 shown in Exhibit 14-23, raised to the third or fourth power, respectively.

706 The base condition for the AMFs in Exhibit 14-24 (i.e., the condition in which the
707 | AMF =1.00) is an intersection without right-turn lanes on the major-road approaches.

708
709
710
711
712
713
714
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Exhibit 14-24: Potential Crash Effects of Providing a Right-Turn Lane on Two Approaches

to an Intersection@®

Treatment Setting Traffic Accident type AMF Std. Error
(Intersection Volume (Severity)
type) AADT
(Veh/Day)
Rural and urban Major road
. d 1,520 to
(minor-roa 40,600 Minor 0.74 0.08
stop-controlled road 25 to
intersection) 26,000 All types
Major road (All severities)
Provide a Ru.ral a.nd urban 7,200 to _
right-turn lane | (Signalized 55,100 Minor 0.92 0.03
on both intersection) road 550 to
major-road 8,400
approaches Rural and urban
minor-road stop- 0.59 N/A®
controlled All t '
intersection™” Unspecified ypes
Injury
Rural and urban
Signalized 0.83 N/A °
intersection®”

Base Condition: Intersection without right-turn lanes on major-road approaches

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

14.6.2.7. Increase Intersection Median Width

This section presents the crash effects related to median width. Medians are

intended to perform several functions. Some of the main functions are:
®  To separate opposing traffic;
®  To allow space for the storage of left-turning, U-turning vehicles;
®  Minimize headlight glare; and

®  Provide width for future lanes.®25

At an intersection, the following definitions of the median apply.

®  Median width is the total width between the edges of opposing through

lanes, including the left shoulder and the left-turn lanes, if any. ¥

® Median opening length is the total length of break in the median provided
for cross street and turning traffic. ¥ The design of a median opening is
generally based on traffic volumes, urban/rural area characteristics, and

type of turning vehicles.®

®  Median roadway is the paved area in the center of the divided highway at an
intersection defined by the median width and the median opening length. %

® Median area is the median roadway plus the major-road left-turn lanes, if

any. 19
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738 The median width, length, roadway, and area are illustrated in Exhibit 14-25.
739 Exhibit 14-25: Median Width, Median Roadway, Median Opening Length, and Median
740 Area 18
e
(0]
[=]
2
e Median Opening Length
S €dian Upening engt
Major Road
//——7%? e —
Median Width Median Roadway
(rectangle defined by median width
and median opening length)
o
©
=]
2
2
O
Major Road
i v T
—TT = / ~
Median Area
(median roadway plus
major-road left-turn lanes)
741
742
743 Urban, suburban, and rural 4-leg unsignalized intersections,
744 Urban and suburban 3-leg unsignalized intersections, and
745 Urban and suburban 4-leg signalized intersections
746 Exhibit 14-26 summarizes the crash effects of increasing intersection median
747 | width by a 3-ft increment at intersections, where existing medians are between 14
If increasing the median 48 and 80-ft wide.(1®
width by more than 3-ft,
the AMF is calculated by 49 The base condition for the AMFs summarized in Exhibit 14-26 (i.e., the condition
raising the AMF to the 50| in which the AMF = 1.00) is a median of 14-ft to 80-ft wide.
power of the number of 51
increments.
.52
753
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Exhibit 14-26: Potential Crash Effects of Increasing Intersection Median Width (@8
Treatment Setting Traffic Accident type AMF Std. Error
(Intersection Volume (Severity)
type)
Multiple-vehicle
Rural - 0.96™ 0.02
(All severities)
(Four-leg - -
unsignalized) Multiple-vehicle 0.96~ 0.02
(Injury)
Multiple-vehicle
Urban and ultip V. .l 1.06 0.01
suburban (All severities)
Increase
Four-le inle-vehi
intersection ( ; o MUItlpI? vehicle 1.05 0.02
4 ) unsignalized) . (Injury)
median width Unspecified
by 3-ft Urban and
increment suburban Multiple-vehicle
pre-ver 1.03 0.01
(Three-leg (All severities)
unsignalized)
Multiple-vehicle
Urban and p °f 1.03 0.01
suburban (All severities)
(Four-leg Multiple-vehicle
signalized) (Injury) 1.03 0.01

Base Condition: A median 14-ft to 80-ft wide

NOTE: Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less.
These values are valid for median widths between 14 and 80-ft (4 to 24 m).

/N Observed variability suggests that this treatment could result in no effect on crashes. See Part D
Applications Guidance.

14.6.2.8.

Provide Intersection Lighting

Intersection lighting includes conventional forms of installing luminaires to
illuminate the intersection proper and approach to the intersection.

All intersections

The base condition for the AMFs shown in Exhibit 14-27 (i.e., the condition in
which the AMF = 1.00) is an intersection without illumination (i.e. artificial lighting).
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774 Exhibit 14-27: Potential Crash Effects of Providing Intersection lllumination ¢1210,26)

Treatment Setting Traffic Accident type AMF Std. Error
(Intersection type) Volume (Severity)
All types
; . Lo . 0.62 0.1

Provide All settings . Nighttime (Injury)

intersection Unspecified

illumination (All types) Pedestrian 0.58 0.2
Nighttime (Injury) ’ ’

Base Condition: An intersection without lighting

775 NOTE: Based on U.S. studies: Griffith 1994, Preston 1999 and International studies: Wanvik 2004; Elvik and Vaa

776 2004

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

778 Italic text is used for less reliable AMFs. These AMFs have standard errors between 0.2 to 0.3.

779

780 Non-injury accidents may also be reduced by installing illumination. Intersection

781 illumination appears to have the greatest effect on fatal pedestrian nighttime crashes.
782| However, the magnitude of the crash effect is not certain at this time.

783 14.7. CRASH EFFECTS OF INTERSECTION TRAFFIC CONTROL AND
784| OPERATIONAL ELEMENTS

785 14.7.1. Background and Availability of AMFs

786 The following sections provide information on the crash effects of treatments
787 | related to intersection traffic control and operational elements. Traffic control devices
788 | at an intersection include signs, signals, warning beacons, and pavement markings.
789 | Operational elements of an intersection include the type of traffic control, traffic
790 |  signal operations, speed limits, traffic calming, and on-street parking.

791 The treatments discussed in this section and the corresponding AMFs available
792|  are summarized in Exhibit 14-28.
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Exhibit 14-28: Treatments Related to Intersection Traffic Control and Operational

Elements
HSM Treatment Urban Suburban Rural
Section
Stop Signal Stop Signal Stop Signal
Minor All- 3- 4- Minor All- 3- 4- Minor All- 3- 4-
Road Way Leg Leg Road Way Leg Leg Road Way Leg Leg
Prohibit left-turns and/or U-turns with
14721 “No Left Turn”, “No U-Turn” signs v - v v v - v v - - - -
14.7.2.2 Provide Stop Ahead pavement markings - - - - - - - - v v - -
14723 Provide flashing beacons at stop- v v N/A N/A v v N/A N/A v v N/A N/A
o controlled intersections
14.7.2.4 Modify left-turn phase - - - v - - - - - - - -
14725 Replace direct Ieft_-tu(ns with right- v _ _ _ v _ _ _ v _ _ _
turn/U-turn combination
14.7.2.6 Permit right-turn on red - - v v - - v v - - v v
14.7.2.7 Modify change and clearance interval - - - v - - - v - - - v
14.7.2.8 Install red-light cameras - - v v - - - - - - - -
. Place transverse markings on
Appendix roundabout approaches T
. Install pedestrian signal heads at ]
Appendix signalized intersections N/A N/A T T N/A N/A - - N/A N/A - -
Appendix | Modify pedestrian signal heads N/A N/A T T N/A N/A - - N/A N/A - -
Appendix Install pedestrian countdown signals N/A N/A T T N/A N/A T T N/A N/A T T
Appendix Install automated pedestrian detectors N/A N/A T T N/A N/A T T N/A N/A T T
Appendix Install stop lines and other crosswalk T T T T T T T T T T T T
enhancements
. Provide exclusive pedestrian signal
Appendix timing pattern - - T T - - - - - - - -
. Provide leading pedestrian interval
Appendix signal timing pattern N/A N/A T T N/A N/A T T N/A N/A T T
Appendix Provide actuated control N/A N/A T T N/A N/A T T N/A N/A T T
Appendix | Operate signals in “night-flash” mode N/A N/A T T N/A N/A T T N/A N/A T T
Appendix Provide advance static warning signs T T T T T T T T T T T T
PP and beacons
Appendix Provide advance warning flashers and N/A N/A T T N/A N/A T T N/A N/A T T
PP warning beacons
Appendix Provide advance overhead guide signs T T T T T T T T T T T T
Appendix Install additional pedestrian signs T T T T T T T T T T T T
. Modify pavement color for bicycle
Appendix crossings T T - - T T - - T T - -
Appendix Place “slalom” profiled pavement T T T T T T T T T T T T
PP markings at bicycle lanes
. Install rumble strips on intersection
Appendix approaches T T T T - - - - - - - -
NOTE: v =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.
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Crash effects of intersection
traffic control and
operational elements are
summarized in 14.7.2.
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14.7.2. Intersection Traffic Control and Operational Element
Treatments with Accident Modification Factors

14.7.2.1.  Prohibit Left-Turns and/or U-Turns by Installing “No Left Turn” and
“No U-Turn” Signs

Prohibiting left-turns and/or U-turns at an intersection is one means to increase
an intersection’s capacity and reduce the number of vehicle conflict points at the
intersection. The crash effects of prohibiting these movements via signing are
discussed in this section.

Urban, suburban minor-road stop-controlled and signalized intersections

Exhibit 14-29 summarizes the crash effects of prohibiting left-turns and U-turns
at intersections through the use of “No Left-Turn” and/or “No U-Turn” for urban
and suburban three- and four-leg intersections and median crossovers.

Accident migration is a possible result of prohibiting left-turns and U-turns at
intersections and median crossovers since drivers may use different streets or take
different routes to reach a destination.

The base condition for the AMFs summarized in Exhibit 14-29 (i.e., the condition
in which the AMF = 1.00) is not clear and was not specified in the original
compilation of the material.

Exhibit 14-29: Potential Crash Effects of Prohibiting Left-Turns and/or U-Turns by
Installing “No Left Turn” and “No U-Turn” Signs ©®

Treatment Setting Traffic Accident type AMF Std. Error
(Intersection Volume (Severity)
type)
Prohibit left- Left-turn 0.36 0.20
turns with “No (All severities)
” Urban and
Left Turn burb All intersection crashes
sign Su Ul" an Enterin . 0.32 0.10
(Arterial DT 9 (All severities)
Prohibit left- three- and 19,435 to Left-turn and U-Turn
turns and U- four-leg, and | 45 509 vpd | crashes 0.23 0.20
turns with “No | median (All severities)
Left Turn” and | crossovers)
u R ” All intersection crashes
No U-Turn - 0.28 0.20
signs (All severities)

Base Condition: Unspecified.

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

Prohibiting U-Turns by only installing “No U-Turn” signs appears to reduce U-
turn crashes of all severities and all intersection crashes of all severities.® However,
the magnitude of the crash effect is not certain at this time.

14.7.2.2.  Provide “Stop Ahead” Pavement Markings

Providing “Stop Ahead” pavement markings can alert drivers to the presence of
an intersection. These markings can be especially useful in rural areas at
unsignalized intersections with patterns of crashes which suggest that drivers may
not be aware of the presence of the intersection.
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Rural stop-controlled intersections

Exhibit 14-30 summarizes the crash effects of providing “stop ahead” pavement
markings on approaches to stop controlled intersections in rural areas. The base
condition for the AMFs summarized in Exhibit 14-30 (i.e., the condition in which the
AMF = 1.00) is a stop controlled intersection in a rural area without a “stop ahead”
pavement marking.

Exhibit 14-30: Potential Crash Effects of Providing Stop Ahead Pavement Markings %

Setting Traffic Accident type
Treatment (Intersection type) Volume (Severity) AMF Std. Error
Right angle
9 g. . 1.04* 0.3
(All severities)
Rear-end
earend 0.71 0.3
Rural (All severities)
(Stop-controlled) All types
. 0.78 02
(Injury)
All types
ypes 0.69 0.1
(All severities)
All types
0.45 0.3
Rural (Injury)
(Stop-controlled Al
Provide “stop | three-leg) types » 0.40 0.2
ahead” (All severities)
Unspecified
pavement All types
markings Rural (Injury) 0.88 0.3
(Stop-controlled
four-leg) Al types 0.77 0.2
(All severities)
All types
0.58 0.3
Rural (Injury)
(All-way stop-
controlled) All types 0.44 0.2
(All severities)
All types
0.92* 0.3
Rural (Injury)
(Minor-road stop- "
All t
controlled) ypes 3 0.87 0.2
(All severities)

Base condition: Stop controlled intersection in a rural area without a “stop ahead” pavement marking

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

* Observed variability suggests that this treatment could result in an increase, decrease or no change in
crashes. See Part D Introduction and Applications Guidance.

14.7.2.3.  Provide Flashing Beacons at Stop-Controlled Intersections

Flashing beacons can help alert drivers to the presence of unsignalized
intersections that may be unexpected or may not be visible. Flashing beacons may be
particularly appropriate for intersections with patterns of angle collisions related to
lack of driver awareness of the intersection. Flashing beacons could be installed
overhead or mounted on the stop sign. There are two major types of beacons: (1)
standard beacons that flash all the time, and (2) actuated beacons that are triggered
by an approaching vehicle. The AMFs presented in this section apply to standard
beacons that flash all the time.
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Urban, suburban, and rural stop controlled intersections

Exhibit 14-30 summarizes the effects on crash frequency of providing flashing
beacons at stop-controlled four-leg intersections on two-lane roads.

The base condition for the AMFs summarized in

Exhibit 14-31 (i.e., the condition in which the AMF = 1.00) is a stop- controlled
four-leg intersection without flashing beacons on a two-lane road.

Traffic
Volume
- , . Setting AADT Agcident type
Traffic
Volume
Setting AADT Accident type
Treatment (Intersection type) (veh/day) (Severity) AMF Std. Error
All types
ypes: 0.95* 0.04
(All severities)
All types
_ P 0.90% 0.06
All settings (Injury)
(Stop- controlled) Rear end
o 0.92* 0.1
(All severities)
Angle
- 0.87 0.06
(All severities)
Rural Angle
9 o 0.84 0.06
(Stop-controlled) (All severities)
Angle
Suburban (Stop-controlled : 0.88 0.1
Provid (Stop ) Major road (All severities)
rovide volume: 250
flashing Urban to 42,520 Angle 112 0.3
beacons at (Stop-controlled) Minor road (All severities)
stop controlled - volume:
intersections All settings : Angle 0.87 0.06
(Minor-road stop-controlled) 90 to0 13,270 | (All severities)
All settings Angl
9 ge 072 0.2
(All-way stop-controlled) (All severities)
All settings Angle
- 0.88 0.06
(Standard overhead beacons) (All severities)
All settings Angle
J 9 - 0.42 0.2
(Standard stop mounted beacons) (All severities)
All settings Angle
(Standard overhead and stop o 0.87 0.06
(All severities)
mounted beacons)
All settings Angle
- 0.86 0.1
‘ (Actuated beacons) (All severities)

Base condition: Stop-controlled four-leg intersection on a two-lane road without flashing beacons

Exhibit 14-31: Potential Crash Effects of Providing Flashing Beacons at Stop-Controlled
Intersections on Two-Lane Roads ¥

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

* Observed variability suggests that this treatment could result in a increase, decrease, or no change in
crashes. See Part D Applications Guidance.
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14.7.2.4.  Modify Left-Turn Phase

Left-turn phasing at a traffic signal is generally determined by considering traffic
flows at the intersection and the intersection design. The following types of left-turn
signal phases may be used:

B Permissive;

B Protected/permissive;

®  Permissive/protected;

B Protected leading (protected left phase before through phase);

®  Protected lagging (through phase before protected left phase); or

® Split phasing (left turns operate independently of each other and
concurrently with the through movements).

Alternatively, under certain conditions, left-turns at intersections can be replaced
with a combined right-turn/U-turn maneuver. This subsection addresses the effects
on crash frequency of replacing permissive, permissive/protected, or
protected/permissive with protected left-turn phase, and replacing permissive
phasing with permissive/protected or protected/ permissive phasing.

Urban 4-leg signalized intersections

Exhibit 14-32 summarizes the crash effects of modifying the left-turn phase
at one or more approaches to a four-legged intersection.

The base condition for the AMFs summarized in Exhibit 14-32 (i.e., the
condition in which the AMF = 1.00) for changing to protected phasing is permissive,
permissive/protected or protected/permissive phasing. The base condition for
changing to permissive/protected or protected/permissive phasing is permitted
phasing.
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914 Exhibit 14-32: Potential Crash Effects of Modifying Left-Turn phase at Urban Signalized

915 Intersections (61522
Treatment Setting Traffic Volume Accident type AMF Std. Error
(Interse():tion AADT (veh/day) (Severity)
type
Left-turn crashes on
Urban treated approach 0.01* 0.01
Change to protected phasing 15 EE?:;]:;d Unspecified (All severities)
signalized) All types 3 0.94%* 0.1
(All severities)
i Left-turn
Change from permissive to Urban y;ljg(;orc;a:]céaooo to (Injury) 0.84 0.02
protected/permissive or (Four-leg N jury.
permissive/protected phasing®2? | signalized) Minor road 1 to
45,500
Change from permissive to Urban All types
protected/permissive or (Four-leg Unspecified Al . 0.99 N/A°
permissive/protected phasing (1 signalized) (All severities)

Base Condition: For changing to protected phasing, base condition is permissive, permissive/protected or protected/permissive

phasing. For changing to permissive/protected or protected/permissive phasing, base condition is permitted phasing.

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

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 ° Standard error of AMF is unknown.

920 + Combined AMF, see Part D Applications Guidance.

921

922 The AMFs in Exhibit 14-32 are difficult to apply in practice because the number

923 | of approaches for which left-turn phasing is provided is not specified. Exhibit 14-33
924 | shows the AMF for left-turn phasing developed by an expert panel from an extensive
925| literature review.(”19 Where left-turn phasing is provided on two, three, or four
926 | approaches to an intersection, the AMF values shown in Exhibit 14-33 may be
927 | multiplied together. For example, where protected left-turn phasing is provided on
928 | two approaches to a signalized intersection, the applicable AMF would be the AMF
929 | shown in Exhibit 14-33 squared. The base condition for the AMFs summarized in
930 | Exhibit 14-33 (i.e., the condition in which the AMF = 1.00) is the use of permissive
931 | left-turn signal phasing.

932 Exhibit 14-33: Potential Crash Effects of Modifying Left-Turn Phase on One Intersection

933 Approach(7.19)
Treatment Setting (Intersection Traffic Volume Accident type AMF Std.
type) AADT (veh/day) (Severity) Error
Change from permissive Unspecified 0.99
to protected/permissive Unspecified - (All severities) N/A®
o o Unspecified
or permissive/protected (Unspecified)
phasing
issi Unspecified e Unspecified
Change from permissive p e Unspecified p > 0.94 N/A®
to protected (Unspecified) (All severities)

Base Condition: Permissive left-turn phase.

934 NOTE: Use AMF = 1.00 for all unsignalized intersections. If several approaches to a signalized intersection have
935 left-turn phasing, the values of the AMF for each approach should be multiplied together.

936

937 The gray box below illustrates how to apply the information in Exhibit 14-33 to

938 | assess the crash effects of providing protected leading left-turn phasing.
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Effectiveness of Modifying Left-Turn Phasing

Question:
An urban signalized intersection has permissive/protected east-west left-turn phases and
permissive north/south left-turn phases. As part of a signal retiming project, the governing
jurisdiction looked into providing only leading protected left-turn phases on the east-west
approaches and maintaining the permissive north/south left-turn phasing. What will be the
likely change in expected average crash frequency?

Given Information:

Find:

e  Existing intersection control = urban four-leg traffic signal

e  Existing left-turn signal phasing = permissive/protected on the east/ west
approaches, permissive on the north/south approaches.

e Intersection expected average crash frequency with the existing treatment (See
Part C Predictive Method) = 14 crashes/year

e Expected average crash frequency with implementation of leading protected left-
turn phases at the east and west approaches

e Change in expected average crash frequency

Answer:

1

2)

3)

4)

5)

6)

Calculate the existing conditions AMF

AMF = 0.99 for each permissive/protected left-turn approach (Exhibit 14-33)
AMF = 1.00 for each permissive left-turn approach (Exhibit 14-33)
AMPFgyisting = 0.99 x 0.99 x 1.00 x 1.00 = 0.98

The intersection-wide AMF for existing conditions is computed by multiplying the
individual AMFs at each approach to account for the combined effect of left-turn
phasing treatments. Each approach is assigned an AMF from Exhibit 14-33 which
corresponds to individual left-turn phasing treatments at each approach.

Calculate the Future Conditions AMF

AMF = 0.94 per protected left-turn approach

AMFeytre = 0.94 X 0.94 x 1.00 x 1.00 = 0.88

Calculations for future conditions are similar to the calculations for existing conditions.

Calculate the treatment AMF (AMFr eatment)

AMPFrreatment = AMFeyure / AMFgyisting = 0.88/0.98 = 0.90

The AMF corresponding to the treatment condition is divided by the AMF
corresponding to the existing condition yielding the treatment AMF (AMFrreatment)- The
division is conducted to quantify the difference between the existing condition and the
treatment condition. See Part D Introduction and Applications Guidance.

Apply the treatment AMF (AMFqeatment) t0 the expected average crash frequency at the
intersection with the existing treatment.

= 0.90 x (14 crashes/year) = 12.6 crashes/year

Calculate the difference between the expected average crash frequency with the
existing treatment and with the future treatment.

Change in Expected Average Crash Frequency Variation:

14.0 — 12.6 = 1.4 crashes/year reduction

Discussion: This example shows that expected average crash frequency may
potentially be reduced by 1.4 crashes/year with the implementation of
protected left-turn phasing on the east and west approaches. A standard
error was not available for this AMF, therefore a confidence interval for the
reduction cannot be calculated.
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14.7.2.5. Replace Direct Left-Turns with Right-Turn/U-turn Combination

Replacing direct left-turns with right-turn/u-turn combination is applied to
minor streets and driveways intersecting with divided arterials. A directional
median is typically used to eliminate left-turns off of the minor street. Closing the
side-street left-turn using directional median openings effectively forms a T-
intersection with a closed median, eliminating direct left-turns at unsignalized
intersections and driveways on to divided arterials. Drivers must turn right and then
perform a U-turn on the divided arterial at a downstream location to access the
desired side street or access point.®? Exhibit 14-34 illustrates a conceptual example of
closing a side street left-turn and serving the left-turn movement through a right-turn
and U-turn movement.

Exhibit 14-34: Right-Turn/U-Turn Combination

I Right-Turn
U-Turn Treatment

Urban, suburban, and rural stop-controlled intersections

The crash affects of this treatment on four-, six-, and eight-lane divided arterials
with AADT greater than 34,000 vehicles/day are shown in Exhibit 14-35.62 Exhibit
14-35 also summarizes the effects on non-injury, injury, rear-end and angle crashes.
The information in Exhibit 14-35 is based on arterials with the following
characteristics:

®  Posted speed limits between 40 and 55 mph,

®  No on-street parking, and

B Segments of 0.1 to 0.25 miles in length.

Additional information regarding the setting of the intersections, median width,
and the minor street volume are not specified in the original studies.

The base condition for the AMFs summarized in Exhibit 14-35 (i.e., the condition
in which the AMF = 1.00) consists of an unsignalized intersection that provides for
direct left-turns.

Page 14-40

Part D / Accident Modification Factors
Chapter 14—Intersections



1003
1004

1005
1006

1007
1008

1009

1010
1011
1012

1013
1014

1015

1016
1017

Highway Safety Manual — 1°° Edition

Current as of April 6, 2009

Exhibit 14-35: Potential Crash Effects of Replacing Direct Left-Turns with Right-Turn/U-
turn Combination 62

Treatment Setting Traffic Volume Accident type AMF Std. Error
(Intersection AADT (Severity)
type) (veh/day)
All types 0.80 01
(All severities) ’ '
Unspecified All types 0.89 02
(Unsignalized (Non-injury) ’ ’
mtersecthns- Al types
access points Ini 0.64 0.2
on 4-, 6-, and (Injury)
8-lane divided Rear-end 0.84 0.2
arterial) (All severities) ’ ’
Angle 0.64 0.2
(All severities) ’ ’
Unspecified Arterial AADT >
Replace (Unsignalized 34,000
direct left- intersections-
! All types
turn with access points Minor road/ @i )s/Zverities) 0.49 0.3
right- on 4-lane access point
turn/U-turn | divided volume
arterial) unspecified
All types 0.86 0.2
(All severities) ’ ’
Unspecified All types 0.95% 0.2
(Unsignalized (Non-injury)
intersections-
All types
access points (In'y:) ) 0.69 0.2
on 6-lane Jury
divided Rear-end
. 0.91* 0.3
arterial) (All severities)
Angle 0.67 0.3
(All severities) ’ '

Base Condition: An unsignalized intersection at which direct left-turns can be made

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

* Observed variability suggests that this treatment could result in an increase, decrease or no change in
crashes. See Part D Introduction and Applications Guidance.

14.7.2.6.

Permit Right-Turn-on-Red Operation

Right-turn operations are generally determined by considering traffic flows at
the intersection and the intersection design. Right-turn operations at traffic signals

may include restricted, permitted, or right-turn-on-red phasing.

Urban, suburban, and rural signalized intersections

Permitting right-turn-on-red operation at signalized intersections:

®  Increases pedestrian and bicyclist crashes;?”

®  Increases injury and non-injury crashes involving right-turning vehicles;

and®
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1018 ® Increases the total number of accidents of all types and severities.”)

1019 The effects on crash frequency of permitting right-turn-on-red operations at
1020 | signalized intersections are presented in Exhibit 14-36.

1021 Alternatively, right-turn operations can be considered from the perspective of
1022 | prohibiting right-turn-on-red operations, rather than permitting right-turn-on-red.
1023 | The AMEF for prohibiting right-turn-on-red on one or more approaches to a signalized
1024 | intersection is determined as:

1025 AMF = (0.98)"°" (14-7)
1026 Where,

1027 AMF = accident modification factor for the effect of prohibiting

1028 right-turn on-red on total crashes (not including vehicle-

1029 pedestrian and vehicle-bicycle collision); and

1030 nprohib = number of signalized intersection approaches for which

1031 right-turn on-red is prohibited.

1032 Both forms of the AMFs are consistent with one another.

1033 Care should be taken to recognize the base conditions for this treatment (i.e., the

1034 | condition in which the AMF = 1.00). When considering the crash effects of permitting
1035 | right-turn-on-red operations, the base condition for the AMFs above is a signalized
1036 | intersection prohibiting right-turns-on-red. Alternatively, when considering the AMF
1037 | for prohibiting right-turn-on-red operations at one or more approaches to a
1038 | signalized intersection, the base condition is permitting right-turn-on-red at all
1039 | approaches to a signalized intersection.

1040 Exhibit 14-36: Potential Crash Effects of Permitting Right-Turn-On-Red Operation /27

Treatment Setting Traffic Accident type AMF Std. Error
(Intersection type) Volume (Severity)
Pedestrian and
Bicyclist 1.69* 01
(All severities) 27)
Pedestrian 157 o2
(All severities) 27) ’ ’
Bicyclist 180 o2
Permit right- | Unspecified Unspecified | (Al severities) 27 ’ ’
turn-on-red (Signalized) .
Right-turn
(Injury) © 1.60 0.09
Right-turn 110 001
(Non-injury) ® ' '
All types
" 1.07 0.01
(All severities) )

Base Condition: A signalized intersection with prohibited right-turn-on-red operation

1041 NOTE: (6) Based on U.S. studies: McGee and Warren 1976; McGee 1977; Preusser, Leaf, DeBartolo, Blomberg and

1042 Levy 1982; Zador, Moshman and Marcus 1982; Hauer 1991
1043 Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less.
1044 + Combined AMF, see Part D Applications Guidance.
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14.7.2.7. Modify Change plus Clearance Interval

Intersection signal operational characteristics, such as cycle lengths and change
plus clearance intervals, are typically based on the established practices and
standards of the jurisdiction. Intersection-specific characteristics, such as traffic flows
and intersection design, influence certain signal operational changes. Signal timings,
clearance intervals, and cycle lengths at intersections can vary greatly. This section
addresses modifications to the change plus clearance interval of an intersection and
the corresponding effects on crash frequency.

Urban, suburban, and rural 4-leg intersections

The ITE “Proposed Recommended Practice for Determining Vehicle Change
Intervals” suggests determining the change plus clearance interval based on:

®  Driver perception/reaction time;

B Velocity of approaching vehicles;

B Deceleration rate;

®  Grade of the approach;

B TIntersection width;

®  Vehicle length;

®  Velocity of approaching vehicle; and

B Pedestrian presence.?

Exhibit 14-37 summarizes the specific AMFs related to modifying the change
plus clearance interval. The base condition for the AMFs summarized in Exhibit 14-37
(i-e., the condition in which the AMF = 1.00) was unspecified.
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1075 Exhibit 14-37: Potential Crash Effects of Modifying Change Plus Clearance Interval 2%

Treatment Setting Traffic Accident type AMF Std. Error
(Intersection type) Volume (Severity)

All types

- 0.92* 0.07
(All severities)

All types
(Injury)

0.88 0.08

Multiple-
vehicle 0.95* 0.07
(All severities)

Multiple-
vehicle 0.91* 0.09

Modify change (Injury)

plus clearance Rear-end
interval to ITE | Unspecified 112 0.2

1985 (Four-leg Unspecified _(All severities)
Proposed signalized) Rear-end

o+
Recommended (Injury) 1.08 0.2

Practice Right angle

" 0.96% 0.2
(All severities)

Right angle

(Injury) 1.06 0.2

Pedestrian
and Bicyclist 0.63 0.3
(All severities)

Pedestrian
and Bicyclist 0.63 0.3

(Injury)

Base Condition: Unspecified

1076 NOTE: Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less.

1077 Italic text is used for less reliable AMFs. These AMFs have standard errors between 0.2 to 0.3.

1078 * Observed variability suggests that this treatment could result in an increase, decrease or no change in
1079 crashes. See Part D Introduction and Applications Guidance.

1080 ? Treatment results in an increase in rear-end crashes and right-angle injury crashes and a decrease in
1081 other crash types and severities. See Chapter 3.

1082 Change plus clearance interval is the yellow-plus-all-red interval.

1083 14.7.2.8. Install Red-Light Cameras at Intersections

1084 Various Intelligent Transportation System (ITS) treatments are available for at-
1085 | grade intersections. Treatments include signal coordination, red-light hold systems,
1086 queue detection systems, automated enforcement, and red-light cameras. At the time
1087 of this edition of the HSM, red-light cameras were the only treatment for which the
1088 crash effects were better understood. This section discusses the effects on crash
1089 | frequency of installing red-light cameras.

1090 Red-light cameras are positioned along the approaches to intersections with
1091 | traffic signals to detect and record the occurrence of red-light violations. Installing
1092 | red-light cameras and the associated enforcement program is generally accompanied
1093 | Dby signage and public information programs.

1094
1095
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1096 Urban signalized intersections

1097 The crash effects of installing red-light cameras at urban signalized intersections
1098 are shown in Exhibit 14-38. The base condition for the AMFs shown in Exhibit 14-38
1099 (i.e., the condition in which the AMF = 1.00) is a signalized intersection without red-
1100 light cameras.

1101 Exhibit 14-38: Potential Crash Effects of Installing Red-Light Cameras at

1102 Intersections®@330)
Treatment Setting Traffic Accident type AMF Std. Error
(Intersection type) Volume (Severity)

Right-angle and left-turn
opposite direction 0.74°* 0.03
(All severities)(23.30)
Right-angle and left-turn

Install red opposite direction 0.84° 0.07

light Urban Unspecified (23)

s (Injury)

cameras (Unspecified)
Rear-end 1187 0.03
(All severities)23,30) ’ ’
Rear-end R

1.24° 0.1

(Injury)@)

Base Condition: A signalized intersection without red-light cameras

1103 NOTE: Bold text is used for the most reliable AMFs. These AMFs have a standard error of 0.1 or less.

1104 “vpd” = vehicles per day

1105 + Combined AMF, see Part D Applications Guidance.

1106 ? Treatment results in a decrease in right-angle crashes and an increase in rear-end crashes. See

1107 Chapter 3.

1108 It is possible that installing red-light cameras at intersections will result either in

1109  a positive spillover effect or in accident migration at nearby intersections or
1110  throughout a jurisdiction. A positive spillover effect is the reduction of crashes at
1111 adjacent intersections without red-light cameras due to drivers’ sensitivity to the
1112 possibility of a red-light camera being present. Accident migration is a reduction in
1113 crash occurrence at the intersections with red-light cameras and an increase in
1114  crashes at adjacent intersections without red light cameras as travel patterns shift to
1115 avoid red-light camera locations. However, the existence and/or magnitude of the
1116  crash effects are not certain at this time.

1117  14.8. CONCLUSION

1118 The treatments discussed in this chapter focus on the crash effects of
1119 characteristics, design elements, traffic control elements, and operational elements
1120  related to intersections. The information presented is the AMFs known to a degree of
1121  statistical stability and reliability for inclusion in this edition of the HSM. Additional
1122 qualitative information regarding potential intersection treatments is contained in
1123  Appendix A.

1124 The remaining chapters in Part D present treatments related to other site types
1125  such as roadway segments and interchanges. The material in this chapter can be used
1126  in conjunction with activities in Chapter 6 Select Countermeasures, and Chapter 7
1127  Economic Appraisal. Some Part D AMFs are included in Part C for use in the predictive
1128  method. Other Part D AMFs are not presented in Part C but can be used in the
1129  methods to estimate change in crash frequency described in Section C.7 of the Part C
1130  Introduction and Applications Guidance.
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APPENDIX A—TREATMENTS WITHOUT AMFS

Al INTRODUCTION

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

This appendix is organized into the following sections:

®  Intersection Types (Section A.2)

®  Access Management (Section A.3)

B Intersection Design Elements (Section A.4)

B Traffic Control and Operational Elements (Section A.5)

®  Treatments with Unknown Crash Effects (Section A.6)
A.2 INTERSECTION TYPES

A.2.1 Intersection Type Elements with No AMFs - Trends in Crashes
or User Behavior

A21.1 Convert a Signalized Intersection to a Modern Roundabout

European experience suggests that single-lane modern roundabouts appear to
increase safety for pedestrians and bicyclists.?337 ADA requirements to serve
pedestrians with disabilities can be incorporated through roundabout planning and
design.

There are some specific concerns related to visually impaired pedestrians and the
accessibility of roundabout crossings. Concerns are related to the ability to detect
audible cues that may not be as distinct as those detected at rectangular intersections;
these concerns are similar to the challenges visually impaired pedestrians also
encounter at channelized, continuous flowing right-turn lanes and unsignalized
midblock crossings. At the time of this Edition of the HSM, specific safety
information related to this topic was not available.

A212 Convert a Stop- Control Intersection to a Modern Roundabout

See text above in section A.2.1.1.
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1275

1276
1277

1278

1279
1280
1281
1282
1283

1284
1285
1286
1287
1288
1289
1290

1291
1292
1293
1294

1295

1296
1297
1298
1299

1300
1301
1302

1303

1304

1305
1306
1307
1308
1309

1310

1311
1312
1313

1314
1315
1316

A.3 ACCESS MANAGEMENT

A.3.1 Access Management Elements with No AMFs - Trends in
Crashes or User Behavior

A31.1 Close or Relocate Access Points in Intersection Functional Area

Access points are considered minor-street, side-street, and private driveways
intersecting with a major roadway. The intersection functional area (Exhibit 14-1 and
Exhibit 14-2) is defined as the area extending upstream and downstream from the
physical intersection area and includes auxiliary lanes and their associated
channelization. @

It is intuitive and generally accepted that reducing the number of access points
within the functional areas of intersections reduces the potential for crashes.®3
Restricting access to commercial properties near intersections by closing private
driveways on major roads or moving them to a minor road approach reduces
conflicts between through and turning traffic. This reduction in conflicts may lead to
reductions in rear-end crashes related to speed changes near the driveways, and
angle crashes related to vehicles turning into and out of driveways.®

In addition to the reduction in conflicts, it is possible that locating driveways
outside of the intersection functional area also provides more time and space for
vehicles to turn or merge across lanes.?V It is generally accepted that access points
located within 250-ft upstream or downstream of an intersection are undesirable.%

A3.1.2 Provide Corner Clearance

Corner clearances are the minimum distances required between intersections and
driveways along arterials and collector streets. “Driveways should not be situated within
the functional boundary of at-grade intersections.”@® Corner clearances vary greatly, from
16-ft to 350-ft, depending on the jurisdiction.

It is generally accepted that driveways that are located too close to intersections
result in an increase in accidents, and as many as one half of accidents within the
functional area of an intersection may be driveway-related.”

A4 INTERSECTION DESIGN ELEMENTS

A.4.1 General Information

The material below provides an overview of considerations related to
shoulders/sidewalks and roadside elements at intersections. These two categories of
intersection design elements are integral parts of intersection design; however, crash
effects are not known to a statistically reliable and/or stable level to include as AMFs,
or to identify trends within this edition of the HSM.

Shoulders and Sidewalks

Shoulders are intended to perform several functions. Some of the main functions
are: to provide a recovery area for out-of-control vehicles, to provide an emergency
stopping area, and to improve the structural integrity of the pavement surface.

The main purposes of paving shoulders are: to protect the physical road
structure from water damage, to protect the shoulder from erosion by stray vehicles,
and to enhance the controllability of stray vehicles.
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Motorized Vehicle Perspective and Considerations

Some concerns when increasing shoulder width include:

®  Wider shoulders on the approach to an intersection may result in higher
operating speeds through the intersection which, in turn, may impact
accident severity;

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

®  Drivers may choose to use the wider shoulder as a turn lane.

Geometric design standards for shoulders are generally based on the intersection
setting, amount of traffic, and right-of-way constraints.?

Shoulders at mid-block or along roadway segments are discussed in Chapter 13.
Roadside Elements

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

The following sections discuss the general characteristics and considerations
related to:

®  Roadside geometry, and

B Roadside features.

Roadside Geometry

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

AASHTO's Policy on Geometric Design states that a “a curb, by definition,
incorporates some raised or vertical element.”® Curbs are used primarily on low-
speed urban highways, generally with a design speed of 45 mph or less.®

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

Chapter 13 includes information on clear zones, forgiving roadsides, and roadside
geometry for roadway segments.

Roadside Elements - Roadside Features

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

The AASHTO Roadside Design Guide contains information about the placement
of roadside features, criteria for breakaway supports, base designs, etc.?) It is
generally accepted that the best treatment for all roadside objects is to remove them
from the clear zone.®» Since removal is not always possible, the objects may be
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1359 relocated farther from the traffic flow, shielded with roadside barriers, or replaced
1360 | with breakaway devices.®?

1361 Roadside features on roadway segments are discussed in Chapter 13.

1362 A.4.2 Intersection Design Elements with No AMFs - Trends in Crashes
1363 and/or User Behavior

1364 A4.2.1 Provide bicycle lanes or wide curb lanes at intersections

1365 Bicycle lane is defined as a part of the roadway that is designated for bicycle

1366 | traffic and separated by pavement markings from motor vehicles in adjacent lanes.
1367 | Most often, bicycle lanes are installed near the right edge or curb of the road although
1368 | they are sometimes placed to the left of right-turn lanes or on-street parking. ® An
1369 | alternative to providing a dedicated bicycle lane is to provide a wide curb lane. A
1370 | wide curb lane is defined as a shared-use curb lane that is wider than a standard lane
1371 and can accommodate both vehicles and bicyclists.

1372 Exhibit 14-39 below summarizes the crash effects and other observations known,
1373 at this time, related to bicycle lanes and wide curb lanes.

1374 Exhibit 14-39: Summary of Bicycle Lanes and Wide Curb Lanes Crash Effects

Application Crash Effect Other Comments

Appears to have no crash effect on
bicycle-motor vehicle crashes or None
overall crashes. 29

Bicycle Lanes at
Signalized Intersections

Bicycle Lanes at Minor-
Road Stop Controlled
Intersections

May be an increase in bicycle-motor

vehicle crashes. 29 Magnitude of increase is uncertain.

Appears to improve the interaction
between bicycles and motor vehicles
in the shared lane.3

There is likely a lane width beyond which safety may decrease
due to misunderstanding of shared space. 3

Wide curb lane greater
than 12-ft (3.67 m)

Bicyclists appear to ride further from the curb in bike lanes that
are 5.2-ft wide or greater compared to wide curb lanes under
the same traffic volume. 28

Bicyclist compliance at traffic signals does not appear to differ
between bicycle lanes and wide lanes. 43

. No trends indicating which may be
Bicycle Lane verses b han the other i f — - ——
Wide Curb Lane efttizr than the other in terms o More bicyclists may comply at stop signs with bike lanes
safety. compared to wide curb lanes. 63

At wide curb lane locations bicyclists may perform more
pedestrian style left- and right-turns (i.e. dismounting and use
crosswalk) compared to bike lanes. 33 At this time, it is not
clear which turning maneuver (as a car or a pedestrian) is safer.

1375 A4.22 Narrow Roadway at Pedestrian Crossing

1376 Narrowing the roadway width using curb extensions, sometimes called chokers,
1377 curb bulbs, neckdowns, or nubs, extends the curb line or sidewalk out into the
1378 | parking lane, and thus reduces the street width for pedestrians crossing the road.
1379 | Curb extensions can also be used to mark the start and end of on-street parking lanes.
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Reducing the street width at intersections appears to reduce vehicle speeds,
improve visibility between pedestrians and oncoming motorists, and reduce the
crossing distance for pedestrians.?¥

A.4.2.3 Install Raised Pedestrian Crosswalk

Common locations of crosswalks are at intersections on public streets and
highways where there is a sidewalk on at least one side of the road. Marked
crosswalks are typically installed at signalized intersections, school zones, and stop-
controlled intersections.® The specific application of raised pedestrian crosswalks
most often occurs on local urban two-lane streets in residential or commercial areas.
They may be applied at intersections or midblock.

Raised pedestrian crosswalks are often considered as a traffic calming treatment
to reduce vehicle speeds at locations where vehicle and pedestrian movements’
conflict with each other.

On urban and suburban two-lane roads, this treatment appears to reduce injury
accidents.® It is reasonable to conclude that raised pedestrian crosswalks have an
overall positive effect on crash frequency since they are designed to reduce vehicle
operating speed. However, the magnitude of the crash effect is not certain at this
time. The manner in which the crosswalks were raised is not provided in the original
study from which the above information was gathered.

A4.24 Install Raised Bicycle Crossing

Installing a raised bicycle crossing can be considered a form of traffic calming as
a means to slow vehicle speeds and create a defined physical separation of a bicycle
crossing relative to the travel way provided for motor vehicles.

Installing raised bicycle crossings at signalized intersections appears to reduce
bicycle-motor vehicle crashes.? However, the magnitude of the crash effect is not
certain at this time.

A4.25 Mark Crosswalks at Uncontrolled Locations, Intersection or
Midblock

Common locations of crosswalks are at intersections on public streets and
highways where there is a sidewalk on at least one side of the road. Marked
crosswalks are typically installed at signalized intersections, school zones, and stop-
controlled intersections.™ This section discusses the crash effects of providing
marked crosswalks at uncontrolled locations - the uncontrolled approaches of stop-
controlled intersection or uncontrolled midblock locations.

Exhibit 14-40 summarizes the effects on crash frequency and other observations
known related to marking crosswalks at uncontrolled locations.
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1421
1422

Exhibit 14-40: Potential Crash Effects of Marked Crosswalks at Uncontrolled Locations,
Intersections or Midblock

Application

Crash Effect

Other Comments

Two-lane roads
and multilane
roads with <
12,000 AADT

A marked crosswalk alone, compared
to an unmarked crosswalk, appears to
have no statistically significant effect
on pedestrian crash rate (pedestrian
crashes per million crossings). #%)

The magnitude of the crash effect is not certain at this time.

Approaches with
a 35mph speed

limit on recently
resurfaced roads

No specific crash effects apparent or
are known.

Marking pedestrian crosswalks appears to slightly reduce vehicle
approach speeds. (1031

Drivers at lower speeds are generally more likely to stop and yield to
pedestrians than higher-speed motorists. (10

Two- or three-
lane roads with
speed limits
from 35 to
40mph and <
12,000 AADT

Marking pedestrian crosswalks appears
to have no measurable negative crash
effect on either pedestrians or
motorists. (2

Crosswalk usage appears to increase after markings are installed.?

Pedestrians walking alone appear to stay within marked crosswalk
lines. 42

Pedestrians walking in groups appear to take less notice of
markings. 42

There is no evidence that pedestrians are less vigilant or more
assertive in the crosswalk after markings are installed. 62

Multilane roads
with AADT >
12,000 veh/day

A marked crosswalk alone appears to
result in a statistically significant
increase in pedestrian crash rates
compared to uncontrolled sites with
unmarked crosswalks. (4%

None.

1423

1424
1425
1426

1427
1428

1429
1430

A4.26

1431

1432 Marked

When deciding whether to mark or not mark crosswalks, the results summarized
in Exhibit 14-40 indicate the need to consider the full range of elements related to
pedestrian needs when crossing the roadway.#>

Provide a Raised Median or Refuge Island at Marked and Unmarked
Crosswalks

Exhibit 14-41 summarizes the crash effects known related to the crash effects of
providing a raised median or refuge island at marked or unmarked crosswalks.

Exhibit 14-41: Potential Crash Effects of Providing a Raised Median or Refuge Island at

Application

Crash Effect

Other Comments

Multilane roads marked or unmarked
intersection and midblock locations

Treatment appears to reduce
pedestrian crashes.®)

None.

Urban or suburban multilane roads (4 to 8
lanes) with marked crosswalks and an AADT
of 15,000 veh/day or greater

median.®>)

Pedestrian crash rate is lower with a
raised median than without a raised

The magnitude of the crash effect is not
certain at this time.

Unsignalized four-leg intersections across
streets that are two-lane with parking on
both sides and use zebra crosswalk markings

No specific crash effect known.

Refuge islands appears to increase the
percentage of pedestrians who cross in the
crosswalk and the percentage of motorists
who yield to pedestrians.(?4

1433
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A5 TRAFFIC CONTROL AND OPERATIONAL ELEMENTS

A5.1 Traffic Control and Operational Elements with No AMFs - Trends
in Crashes or User Behavior

A5.1.1 Place Transverse Markings on Roundabout Approaches

Transverse pavement markings are sometimes placed on the approach to
roundabouts that are preceded by long stretches of highway.® One purpose of
transverse markings is to capture the motorists attention of the need to slow down on
approach to the intersection. In this sense, transverse markings can be considered a
form of traffic calming. Transverse pavement markings are one potential calming
measure; in this section, the crash effect of its application to roundabout approaches
is discussed.

This treatment appears to reduce all speed-related injury crashes, during wet or
dry conditions, daytime and nighttime.® However, the magnitude of the crash effect
is not certain at this time.

A5.1.2 Install Pedestrian Signal Head’s at Signalized Intersections

Pedestrian signal heads are generally desirable at certain types of locations
including school crossings, on wide streets, or places where the vehicular traffic
signals are not visible to pedestrians.(4

Providing pedestrian signal heads, with a concurrent or standard pedestrian
signal timing pattern, at urban signalized intersections with marked crosswalks
appears to have no effect on pedestrian crashes compared to traffic signals without
pedestrian signal heads for those locations where vehicular traffic signals are visible
to pedestrians. #4344

A.5.1.3 Modlify Pedestrian Signal Heads

Pedestrian signal heads may be modified by adding a third pedestrian signal
head with the message DON'T START, or by changing the signal displays to be
steady or flashing during the pedestrian “don’t walk” phase. Exhibit 14-42
summarizes the crash effects known regarding modifying pedestrian signal heads.

Exhibit 14-42: Potential Crash Effects of Modifying Pedestrian Signal Heads

Application Specific Modification to Pedestrian Signal

Heads

Crash Effect and/or Resulting User Behavior

Urban signalized intersections Add a third pedestrian signal head — a steady

with moderate to high
pedestrian volumes

yellow DON'T START to the standard WALK
and flashing DON'T WALK signal heads.

Treatment appears to reduce pedestrian
violations and conflicts.3)

Signalized intersections

Use a steady or flashing DON'T WALK signal
display during the clearance and pedestrian
prohibition intervals.

No difference in pedestrian behavior. #3
Pedestrians may not readily understand the
word messages.

Signalized intersections

Use a steady or a flashing WALK signal display
during the pedestrian WALK phase.

No difference in pedestrian behavior. @
Pedestrians may not readily understand the
word messages.

Signalized intersections

Use of symbols on pedestrian signal heads,
such as a walking person or upheld hand.

Shown to be more readily comprehended by
pedestrians than word messages. (10
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1463 A.5.1.4 Install Pedestrian Countdown Signals

1464 Pedestrian countdown signals are a form of pedestrian signal heads that displays
1465| the number of seconds pedestrians have to complete the crossing of street; this
1466 | information is provided in addition to displaying WALK and DON'T WALK
1467 | information in the form of either word messages or symbols.

1468 Installing pedestrian countdown signals appears to reduce pedestrian-motor
1469 | vehicle conflicts at intersections.(™? There appears to be no effect on vehicle approach
1470 |  speeds during the pedestrian clearance interval, i.e., the flashing DON'T WALK, with
1471 the countdown signals.?

1472 Ab.1.5 Install Automated Pedestrian Detectors

1473 Automated pedestrian detection systems can sense the presence of people
1474 | standing at the curb waiting to cross the street. The system activates the WALK
1475 | signal without any action from the pedestrian. The detectors in some systems can be
1476 | aimed to monitor slower walking pedestrians in the crossing, so clearance intervals
1477 |  can be extended until the pedestrians reach the curb. Infrared and microwave sensors
1478 | appear to provide similar results. Fine tuning of the detection equipment at the
1479 | location is required to achieve an appropriate detection level and zone.

1480 Installing automated pedestrian detectors at signalized intersections appears to
1481 reduce pedestrian-vehicle conflicts as well as the percent of pedestrian crossings
1482 | initiated during the DON'T WALK phase.?®

1483 A5.1.6 Install Stop Lines and Other Crosswalk Enhancements

1484 Installing pedestrian crossing ahead signs, a stop line, and yellow lights activated
1485| Dby pedestrians at marked intersection crosswalks appears to reduce the number of
1486 | conflicts between motorists and pedestrians. This treatment also appears to increase
1487 |  the percentage of motorists that yield to pedestrians.(?)

1488 At marked intersection crosswalks, other treatments such as installing additional
1489 | roadway markings and signs, providing feedback to pedestrians regarding
1490 | compliance, and police enforcement, appear to increase the percentage of motorists
1491 | who yield to pedestrians.()

1492 AbL.1.7 Provide Exclusive Pedestrian Signal Timing Pattern

1493 An exclusive pedestrian signal timing pattern provides a signal phase in which
1494 | pedestrians are permitted to cross while motorists on the intersection approaches are
1495 |  prohibited from entering or traveling through the intersection.

1496 At urban signalized intersections with marked crosswalks and pedestrian
1497 |  volumes of at least 1,200 people per day, this treatment appears to reduce pedestrian
1498 | crashes when compared to concurrent timing or traffic signals with no pedestrian
1499 | signals.#34) However, the magnitude of the crash effect is not certain at this time.

1500 A.5.1.8 Provide Leading Pedestrian Interval Signal Timing Pattern

1501 A leading pedestrian interval (LPI) is a pre-timed allocation to allow pedestrians
1502 | to begin crossing the street in advance of the next cycle of vehicle movements. For
1503 | example, pedestrians crossing the western leg of an intersection are traditionally
1504 | permitted to cross during the north-south vehicle green phase. Implementing an LPI
1505| would provide pedestrians crossing the western leg of the intersection a given
1506 | amount of time to start crossing the western leg after the east-west vehicle
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movements and before the north-south vehicle movements. The LPI provides
pedestrians an opportunity to begin a crossing without concern for turning vehicles
(assuming right-on-red is permitted).

Providing a pre-timed three-second LPI at signalized intersections with
pedestrian signal heads and a one-second all-red interval appears to reduce conflicts
between pedestrians and turning vehicles.®? In addition, a three-second LPI appears
to reduce the incidence of pedestrians yielding the right-of-way to turning vehicles,
making it easier for pedestrians to cross the street by allowing them to occupy the
crosswalk before turning vehicles are permitted to enter the intersection.®”

Ab5.1.9 Provide Actuated Control

The choice between actuated or pre-timed operations is influenced by the
practices and standards of the jurisdiction. Intersection-specific characteristics such as
traffic flows and intersection design also influence the use of actuated or pre-timed
phases.

For the same traffic flow conditions at an actuated signal and pre-timed signal,
actuated control appears to reduce some types of crashes compared to pre-timed
traffic signals.” However, the magnitude of the crash effect is not certain at this time.

A.b5.1.10 Operate Signals in “Night-Flash” Mode

Night-flash operation or mode is the use of flashing signals during low-volume
periods to minimize delay at a signalized intersection.

Research indicates that replacing night-flash with regular phasing operation may
reduce nighttime and nighttime right-angle crashes. However, the results are not
sufficiently conclusive to determine an AMF for this edition of the HSM.

The crash effect of providing “night-flash” operations appears to be related to the
number of approaches to the intersection.®

Ab5.1.11 Provide Advance Static Warning Signs and Beacons

Traffic signs are typically classified into three categories: regulatory signs,
warning signs, and guide signs. As defined in the Manual on Uniform Traffic Control
Devices (MUTCD), regulatory signs provide notice of traffic laws or regulations,
warning signs give notice of a situation that might not be readily apparent, and guide
signs show route designations, destinations, directions, distances, services, points of
interest, and other geographical, recreational or cultural information. The MUTCD
provides standards and guidance for signing within the right-of-way of all types of
highways open to public travel. Many agencies supplement the MUTCD with their
own guidelines and standards. This section discusses the crash effects of providing
advance static warning signs with beacons.

Providing advance static warning signs with beacons prior to an intersection
appears to reduce accidents.®” This treatment may have a larger crash effect when
drivers do not expect an intersection or have limited visibility to the intersection
ahead.® However, the magnitude of the crash effect is not certain at this time.

A.5.1.12  Provide Advance Warning Flashers and Warning Beacons

An advance warning flasher (AWF) is a traffic control device that provides
drivers with advance information on the status of a downstream traffic signal.
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1550 Advance warning flashers may be responsive, ie., linked to the signal timing
1551 | mechanism, or continuous. Continuous AWFs are also called warning beacons.
1552 The crash effects of responsive AWFs appear to be related to entering traffic
1553 |  flows from minor and major road approaches.©9
1554 A.5.1.13  Provide Advance Overhead Guide Signs
1555 The crash effect of advance overhead directional or guide signs appears to be
1556 | positive (i.e. reduces crash occurrences). However, the magnitude of the crash effect
1557 | is not certain at this time.®
1558 A.5.1.14 Install Additional Pedestrian Signs
1559 Additional pedestrian signs include YIELD TO PEDESTRIAN WHEN TURNING
1560 | signs for motorists and PEDESTRIANS WATCH FOR TURNING VEHICLES signs
1561 | for pedestrians.
1562 In general, additional signs may reduce conflicts between pedestrians and
1563 | vehicles. However, it is generally accepted that signage alone does not have a
1564 | substantial effect on motorist or pedestrian behavior without education and
1565| enforcement. ?9
1566 Exhibit 14-43 summarizes the known and/ or apparent crash effects or changes in
1567 | user behavior as the result of installing additional pedestrian signs.
1568 Exhibit 14-43: Potential Crash Effects of Installing Additional Pedestrian Signs

Application Specific Pedestrian Signs Crash Effect and/or Resulting User

Behavior

Intersections permitting
pedestrians crossings

Install a red and white triangle YIELD TO
PEDESTRIAN WHEN TURNING sign (36" x
36” x 36”)

Reduces conflicts between pedestrians
and turning vehicles. 44

Intersections permitting
pedestrians crossings

Provide a black-on-yellow PEDESTRIANS
WATCH FOR TURNING VEHICLES sign

Decreases conflicts between turning
vehicles and pedestrians. (44

Intersections with a history of
pedestrian violations such as
crossing against the signal

Install a sign explaining the operation of
pedestrian signal

Appears to increase pedestrian
compliance and reduce conflicts with
turning vehicles. 44

Signalized intersections permitting
pedestrian crossings

Provide a three-section signal that displays
the message WALK WITH CARE during the
crossing interval to warn pedestrians about
turning vehicles or potential red-light running
vehicles

Reduces pedestrian signal violations
and reduces conflicts with turning
vehicles. #4

Marked crosswalks at unsignalized
locations

Provide an overhead CROSSWALK sign

Increases the percentage of drivers
that stop for pedestrians. (25

Narrow low-speed roadways,
unsignalized intersections

Install overhead illuminated CROSSWALK
sign with high-visibility ladder crosswalk
markings

Increases the percentage of motorists
who yield to pedestrians. G0

Increases the percentage of
pedestrians who use the crosswalk. (3¢)

Marked crosswalks at unsignalized
locations

Install pedestrian safety cones reading
STATE LAW — YIELD TO PEDESTRIANS IN
CROSSWALK IN YOUR HALF OF ROAD

Increases the percentage of drives that
stop for pedestrians. (2

1569
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A.5.1.15  Modify Pavement Color for Bicycle Crossings

Modifying the pavement color at locations where bicycle lanes cross through an
intersection is intended to increase the bicycle lanes conspicuity to motorized vehicles
turning through or across the bicycle lane that is passing through the intersection.
Increasing the conspicuity of the bicycle lane is intended to translate to an increase
awareness of the presence of bicyclists thereby reducing the number of motorized
vehicle-bicycle crashes.

Modifying the pavement color of bicycle path crossing points at unsignalized
intersections, e.g., blue pavement, increases bicyclist compliance with stop signs and
crossing within the designated area.?® In addition, there is a reduction in vehicle-
cyclist conflicts.?”

Modifying the pavement color of bicycle lanes at exit ramps, right-turn lanes,
and entrance ramps has the following effects:

®  Increases the proportion of motorists yielding to cyclists;
®  Increases cyclist use of the designated area;

B Increases the incidence of motorists slowing or stopping on the approach to
conflict areas;

®  Decreases the incidence of cyclists slowing on the approach to conflict areas;
®  Decreases motorist use of turn signals; and,

B Decreases hand signaling and head turning by cyclists. @7

A.5.1.16  Place “slalom” Profiled Pavement Markings at Bicycle Lanes

Placing profiled pavement markings on the pavement between bicycle lanes and
motor vehicles lanes is intended to increase the lateral distance between bicyclists
and drivers on intersection approaches, and to increase the attentiveness of both
types of road users.?” Profiled pavement markings can be applied to create a
“slalom” effect, first directing bicyclists closer to the vehicle lane and then diverting
bicyclists away from the vehicle lanes close to the stop bar.

Placing “slalom” profiled pavement markings at four-leg and T-intersections
appears to regulate motorist speed to that of the bicyclists.?” These markings also
result in more motorists staying behind the stop line at the intersection, and reduces
the number of motorists who turn right in front of a bicyclist.?”

A.5.1.17  Install Rumble Strips on Intersection Approaches

Transverse rumble strips (also called “in-lane” rumble strips or “rumble strips in
the traveled way”) are installed across the travel lane perpendicular to the direction
of travel to warn drivers of an upcoming change in the roadway. They are designed
so that each vehicle will encounter them. Transverse rumble strips have been used as
part of traffic calming or speed management programs, in work zones, and in
advance of toll plazas, intersections, railroad-highway grade crossings, bridges and
tunnels. They are also considered a form of traffic calming that can be used with
intent of capturing motorists’ attention and slowing speeds sufficient enough to
provide drivers additional time for decision making tasks.

There are currently no national guidelines for the application of transverse
rumble strips. There are concerns that drivers will cross into opposing lanes of traffic
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1613 | in order to avoid transverse rumble strips. As in the case of other rumble strips, there
1614 are concerns about noise, motorcyclists, bicyclists, and maintenance.

1615 On the approach to intersections of urban roads with unspecified traffic volumes,
1616 | this treatment appears to reduce all accidents of all severities.’® However, the
1617 | magnitude of the crash effect is not certain at this time.

1618 | A.6 TREATMENTS WITH UNKNOWN CRASH EFFECTS

1619 A.6.1 Treatments Related to Intersection Types

1620 ®  Convert stop-control intersection to yield-control intersection (not a
1621 roundabout);

1622 ®  Convert uncontrolled intersection to yield, minor road or all-way stop
1623 control;

1624 ®  Remove unwarranted signals on two-way streets;

1625 ®  Close one or more intersection legs;

1626 " Convert two three-leg intersections to one four-leg intersection;

1627 ®  Right-left or left-right staggering of two three-leg intersections; and

1628 ®  Convert intersection approaches from urban two-way streets to a couplet or
1629 vice versa.

1630 A.6.2 Treatments Related to Intersection Design Elements

1631 Approach Roadway Elements

1632 ®  Eliminate through vehicle path deflection
1633 ® Increase shoulder width
1634 ®  Provide a sidewalk or shoulder at an intersection;
1635 ®  Increase pedestrian storage at intersection via sidewalks, shoulders, and/or
1636 pedestrian refuges
1637 ®  Modify sidewalk width or walkway width
1638 B Provide separation between the walkway and the roadway (i.e. buffer zone)
1639 ®  Change the type of walking surface provided for pedestrians on sidewalks
1640 and/or crosswalks
1641 ®  Modify sidewalk cross-slope, grade, curb ramp design
1642 " Provide a left-turn bypass lane or combined bypass right-turn lane
1643 ®  Modify lane width
1644 ®  Provide positive offset for left-turn lanes
1645 ®  Provide double or triple left-turn lanes
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Provide median left-turn acceleration lane

Provide right-turn acceleration lanes

Change length of left-turn and right-turn lanes

Change right-turn curb radii

Provide double right-turn lanes

Provide positive offset for right turn lanes

Provide shoulders or improve continuity at intersections
Provide sidewalks or increase sidewalk width at intersections

Provide a median, or change median shape or change length of median
opening

Provide a flush median at marked and unmarked crosswalks

Modify pedestrian refuge island design (e.g. curb extensions, refuge island
width)

Presence of utility poles and vegetation on medians
Provide grade separation for cyclists

Improve continuity of bike lanes

Roadside Elements

Increase intersection sight triangle distance

Flatten sideslopes

Modify backslopes

Modify transverse slopes

Increase clear roadside recovery distance

Provide a curb

Change curb offset from the traveled way

Change curb type

Change curb material

Increase the distance to the utility poles and decrease utility pole density
Increase the distance to/or remove roadside features

Change the location of tress, poles, posts, news racks and other roadside
features - crash effect from pedestrian and/ or bicyclist perspective

Increase sight-distance for left-turning vehicles
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1677 ®  Delineate roadside features
1678 ®  Modify drainage structures or features
1679 ®  Modify location and support types of signs, signals, and luminaries
1680 " Install breakaway devices
1681 ®  Modify location and type of driver-aid call boxes, mailboxes, newspaper
1682 boxes, fire hydrants
1683 | A.6.3 Treatments Related to Intersection Traffic Control and
1684 Operational Elements
1685 B Provide signage for pedestrian and bicyclist information
1686 ®  Provide illuminated pedestrian push buttons
1687 ®  Provide late-release pedestrian signal timing pattern
1688 ® Install in-pavement lights at crosswalks
1689 ®  Place advanced stop line or bike box pavement markings at bicycle lanes on
1690 intersection approaches
1691 ®  Provide near-side pedestrian signal heads
1692 B Adjust pedestrian signal timing for various pedestrian crossing speeds
1693 ® Install bicycle signal heads at signalized intersections
1694 ®  Modify signalized intersection spacing
1695 M Restrict turning movement at access points
1696 ®  Install pedestrian half-signals at minor road stop controlled intersections
1697 B Convert pre-timed phases to actuated phases
1698 ®  Convert protected/permitted to permitted/ protected left-turn operations
1699 ®  Convert leading protected to lagging protected left-turn operations
1700 ®  Provide protected or protected-permitted left-turn phasing with the addition
1701 of a left-turn lane
1702 B Reduce left-turn conflicts with pedestrians
1703 ® Install all-red clearance interval
1704 " Modify cycle length
1705 ®  Modify phase durations
1706 " Implement split phases
1707 ®  Install more conspicuous pavement markings
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® Extend edgelines and centerlines through median openings and
unsignalized intersections

®  Place lane assignment markings

®  Place stop bars at previously unmarked intersections

®  Increase stop bar width at marked intersections

B Install post-mounted delineators at intersections

®  Install markers and/or markings on curbs at intersections

® Install raised median

®  Install speed humps or speed tables on intersection approaches

®  Close the intersection or one leg of the intersection (e.g. diagonal diverters,
half closures, full closures, median barriers)

®  Implement or improve signal coordination
®  Implement or improve queue detection system

" Implement automated speed enforcement
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