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FOREWORD

By Ann M. Hartell
Staff Of cer
Transportation Research Board

NCHRP Research Report 945 provides a practitioner-ready guidebook on how to select
and implement strategies that improve safety and traf c operations in roadway construc-
tion work zones. The guidebook will be of interest to those responsible for developing
and maintaining state department of transportation (DOT) work zone transportation
management plans (TMPs), as well as construction contractors and those who train and
supervise roadway construction workers.

According to the National Work Zone Safety Information Clearinghouse, from 2010
through 2018, an average of 679 people died each year as a result of crashes in work zones.
Among the fatalities were work zone workers, pedestrians, bicyclists, and drivers and
passengers in trucks, buses, and automobiles. In addition, more than 30,000 people are
injured in work zone crashes each year. At the same time, construction work zones on
freeways are estimated to account for nearly 24% of non-recurring delay. Travelers are
also frustrated by congestion-related delays as well as unexpected road conditions and
inconsistent traf ¢ operations.

One of the ways a state DOT or other transportation agency can address work zone
safety and other impacts is to develop and implement a TMP. A TMP consists of a set of
coordinated strategies selected to manage the work zone impacts of a road construction
project, without unreasonably compromising project constructability. TMPs outline speci ¢
strategies selected to support project goals associated with the safety of roadway users and
construction workers, traf ¢ mobility, and other operational targets during the construc-
tion period. TMPs are used to clearly de ne and communicate the comprehensive plan for
construction project management to internal state DOT staff, contractors, the public, and
the media. Because work zone impacts and issues vary, agencies must consider the mobility
and safety needs of their road users, highway workers, businesses, and communities to
develop an effective TMP.

NCHRP Research Report 945 describes a wide range of TMP strategies as well as how to
select the most effective and cost-ef cient strategy for a particular construction setting.
For each strategy, the guidebook provides a brief description, conditions where the strategy
is appropriate, anticipated bene ts, documented effectiveness, crash modi cation factors
(CMFs), design requirements including hardware or software needed, implementation
considerations, estimated cost, and examples of its use.

The research was conducted by KLS Engineering with collaboration from the University
of Kansas and Kansas State University. The research effort included a review of published
literature, a survey of current practice, and a eld evaluation of three strategies: truck-lane
restrictions, temporary ramp metering, and reversible lanes. The eld evaluations were
conducted in partnership with Michigan DOT, Pennsylvania DOT, and Minnesota DOT.

Copyright National Academy of Sciences. All rights reserved.
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The guidebook is accompanied by a set of brief fact sheets on the three evaluated
strategies. The fact sheets and the report appendices can be found on the TRB website b
searching for “NCHRP Research Report 945”. The contractor's nal report, which details
the research activities and methods, is published as NCHRP Web-Only Document 276 anc
can be found by searching the TRB website for “NCHRP Web-Only Document 276".
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CHAPTER 1

Introduction

Periodic work zones are necessary to build, maintain, rehabilitate, enhance, and reconstruct
this nation’s roadway network. Over the course yédr, it was estimated that 2pe5cent of
the National Highway System has at leakiylwith a work zone in place. In the peak summer
months, it is estimated that jp@rcent of the National Highway System has a work zone in place
on any given workday (Uliman at. 2018).

1.1 Work Zones’ Effect on Safety

Unfortunately, work zones can mean daily changes in traf ¢ patterns, narrowed rights-of-way
(ROWSs), and other construction activities that create a combination of factors resulting in
crashes. According to the National Work Zone Safety Information Clearinghouse, from 2010
through 2018, an average of 680 people died each year as a result of crashes in work zones.
In 2017, the last year for which complete crash data are available, work zone crashes resulted
in 809 fatalities and 37,000 injurieBablel.1 shows the work zone fatality and injury data for
2010-2018.

Additionally, workzone crashes occur in a constrained driving environment and cause
congestion and excessive delays. Estimates are that work zone crashes accqantéot b
overallcongestion and 2dercentof nonrecurring freeway delays nationwide.

Reducing these crashes and delays—and their negative effects on lives and the economy—
requires a better understanding of the effectiveness of work zone transportation management
strategies. Transportation management plans (TMPs) are coordinated strategies designed to
help agencies achieve their work zone project goals related to traf ¢ mobility, ef cient system
operation, motorists’ and workers’ safety, and other operational targets.

State departments of transportation (DOTSs) and other transportation agencies currently
develop and implement TMPs, which typically involve coordinated strategies related to
temporary traf ¢ control, transportation operations, and public awareness. TMPs also help road
users traverse work zones safely by understanding project effects, alternatives, scheduling,
and anticipated bene ts.

State DOT practices, however, vary considerably with respect to what the agency considers when
selecting strategies to integrate into a TMP. Practitioners can be uncertain of the effectiveness

tNational Work Zone Safety Information Clearinghouse, Work Zone Fatal Crashes and Fatalities. (https://www.workzone
sakty.org/crash-information/work-zone-fatal-crashes-fatalities/#national, accessed®Nag0).

2Data from congestion are from Cambridge Systematics and Texas Transportation Institute (2004); Data on nonrecurring
freeway delays are from Chire&t(2004).
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Table 1.1. Work zone crash facts, fatalities, and injuries.
Total Work Zone Total Work Zone Total Work Zone
Year " _
Fatalities Injuries Crashes
2010 586 36,000 87,000
2011 590 39,000 91,000
2012 619 30,000 76000
2013 593 25000 68,000
2014 670 31,000 89,000
2015 718 35000 97,000
2016 782 61,0®° 158000
2017 809 37000 94000
2018 755 NA NA
Average 680 36,750 95000
\aRf
®NHTSA has redesigned the sampling process used to compute these estimates.
Therefore, 2016 and later data are not directly comparable to data from 2015 and
before. Data for injuries and crashes greater than 500 have been rounded to the
nearest 1,000 and values less than 500 have been rounded to the nearest 100 to
2 Z@Eel1e'21072¥ 2170172 —EZ>¢S —e¢1See"E’'SeZe1 'o'1f'Z@Z1Z20'-SeZ@il

of their safety solutions and the value of their economic bene t. As a result, transportation
agencies may not understand the application, its effectiveness, or the cost-ef ciency of their

TMP decisions.

1.2 Project Objective

NCHRP Project 03-111, “Effectiveness of Work Zone Transportation Management Plan
Strategies,” had two objectives:

1. Provide information in the form of a guidebook on a wide range of TMP strategies for
work zone practitioners.
2. Conduct eld evaluations of selected TMP strategies—truck-lane restrictions, ramp metering,
and reversible lanes.

The eld evaluation results are provided in the nal report for NCHRP Project 03-111,
which is published &8CHRP Web-Only Document 276 and is available on the TRB website.

1.3 Guidebook Purpose

Although there is a wealth of information on transportation management planning, it is
scattered among published research, DOT handbooks, manuals, and plans, as well as unpub-
lished documentation. This guidebook is a resource that synthesizes useful knowledge from
diverse sources to provide a compendium of current knowledge on work zone strategies,

including suggestions on when to use, bene ts, effectiveness, technical issues, design require-
ments, state of the practice, and cost.

1.4 Guidebook Target Audience

The intended audience for this guidebook includes transportation agency technical staff
(e.g., planners, designers, construction and traf ¢ engineers), and management and executive-
level staff responsible for setting work zone policy and directing programs; FHWA staff,
especially those with oversight responsibilities; and contractors, consultants, academics, and
others with interest in work zone operations.

Copyright National Academy of Sciences. All rights reserved.
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1.5 Guidebook Contents and Organization

Many work zone management strategies can be used to minimize traf ¢ delays, improve
mobility, maintain or improve motorist and worker safety, and complete roadwork promptly.
The strategies presented and reviewed in this guidebook are grouped according to the FHWA
TMP classi cation under the following three categories:

1. Transportation operations
— Work zone safety management strategies
— Corridor/network management (traf c operations) strategies
— Traf ¢ incident management and enforcement strategies
— Demand-management strategies
2. Temporary traf c control
— Control strategies
— Project coordination
— Alternative contracting and construction strategies
— Traf ¢ control devices (TCDs)
3. PuMbic awareness
— Motorist information strategies
— Pulic awareness strategies

The guidebook devotes a section to each of these three major categories. The entry for each
strategy is organized as follows:

Description. Provides short overview and description.

When to Use. Discusses conditions for use.

Bene ts. Discusses typical strategy bene ts in terms of improving safety and mobility.

Expected Effectiveness. Describes known effectiveness based on eld studies.

Crash Modi cation Factor. Presents estimated and known crash modi cation factors
(CMFs) based on information presentedNCHRP Research Report 869: Estimating the
Safety Effects of Work Zone Characteristics and Countermeasures—A Guidebook (Ullman
etal. 2018).

Implementation Considerations Discusses how the strategy functions and if there are any
installation concerns, potential dif culties, maintenance issues, and so on.

Design Features and Requirements. Provides information on the appropriate design criteria,
and hardware and software requirements if any.

State of the Practice. Provides examples where a strategy has been used with special provisions
and standard typical drawings, as applicable.

Cost. Reviews estimated installation cost.

Resources and References. Presents related resources and cited materials.

Figurel.l showsow the strategies are grouped to help users nd relevant practices.

In addition to the category and subcategory designations, strategies are cross-referenced
as shown in AppendiA (Appendices A through N can be found on the TRB website by
searching on “NCHRP Research Report 945.”). The cross-references allow practitioners to
identify these strategies based on traf c conditions in the work zone, the type of roadway
involved, geographic or demographic characteristics, and when in the project life-cycle stage
they are used.

Another category—best practices—was introduced to account for those strategies that do
not have a measurable value for effectiveness. The best practices include emerging technologies,
decision-making tools, case studies, and the successful policies and procedures of a few
state DOTSs.

Copyright National Academy of Sciences. All rights reserved.
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Norte: Caltrans = California Department of Transportation; DOT = Department of Transportation; ITS = intelligent transportation system; PA = public awareness; TMA = truck-mounted attenuator; TMP = transportation
management plans; TO = transportation operation; TTC = temporary traffic control.

Figure 1.1. Guidebook strategy organization.
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In addition, Chapted3 provides information on the typical work zone crash characteristics,
as well as methods to estimate the crashes expected to occur during a particular work zone
compared with when the work zone is not present or when a particular countermeasure is
included. Examples illustrate how the methods can be applied to answer different what-if
guestions. The chapter also includes a catalog of available work zone CMFs (WZCMFs) and
presents the commonly used work zone performance measures. Information presented in this
chapter is based on ndings in NCHRP Research Report 869 (Uliaha2048)

1.6 Guidebook Limitations

A large number of TMP strategies were identi ed in a TMP guide, Developing and Implementing
Transportation Management Plans for Work Zones, developed by FHWA in 2005. Note, however,
this guidebook does not address all individual strategies listed in the 2005 TMP guide.

TCDs, such as warning signs, arrow panels, and channelizing devices, are required for all
work zones, irrespective of work zone type or duration.@afthe 2008anual on Uniform
Traf ¢ Control Devices (MUTCD) and state manuals govern TCD standards, guidance, and other
site-speci ¢ information. Therefore, this guidebook does not address these common TCDs;
however, this guidebook does cover new TCDs, revisions to the application or manner of using
existing TCDs, and provisions not speci cally described in the 2009 MUTCD.

Crash cushions and temporary traf ¢ barriers have proved effective in increasing driver and
worker safety in work zones, and the 2009 MUTCD and the 2011 AASHTO Roadside Design
Guide provide guidelines for their use. Because these two strategies have proved so effective,
they are not documented in this guidebook. Likewise, practices, such as project task force
meetings, work zone inspections, and surveys, are also targeted to reduce effects on motorists,
businesses, contractors, and other road-user groups. While DOTs use some or all of these
practices on almost every project, no studies were found that documented their effectiveness
guantitatively.

Likewise, control strategies, such as construction phasing/staging, lane shifts, reduced lane/
shoulder widths, agging operations, and ramp closures, are project-speci c strategies and
are included as part of the traf c control plans. The design of traf ¢ control plans is governed by
the 2009 MUTCD, the AASHTO Green Book, and agency manuals. Quantitative evaluations
of the previously mentioned control strategies were not found in the literature.

Corridor/network management strategies, such as retiming traf ¢ signals, parking and turning
restrictions, bus turnouts, temporary traf ¢ signals, and street improvements, are frequently
used in work zones—usually with positive results. However, quantitative evaluations of these
strategies were not found in the literature.

Similarly, several strategies are infrequently used in work zones, thus evaluations, whether
guantitative or qualitative, are absent. Examples of these strategies include call boxes, total
station units, photogrammetry, and aerial surveillance using helicopters.

Finally, to prevent duplication and using best judgment, the guidebook ts individual strate-
gies into a single category, even though they may fall under two separate categories. For example,
in the TMP guide, reversible lanes fall under both control strategy and corridor/network
management strategy. However, in this guidebook, reversible lanes are included only once,
under corridor/network management strategy.

1.7 Resources and Refer ences

A Policy on Geometric Design of Highways and Streets, 6th ed. AASHTO, Washington, D.C., 2011. [Green Book]
Roadside Design Guide, 4th ed. AASHTO, Washington, D.C., 2011.
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Cambridge Systematics, Inc. and Texas Transportation Institute. Traf c Congestion and Reliability: Linking
Solutions to Problems, Final Report prepared for FHWA, July 19, 2004. https://ops.fhwa.dot.gov/congestion_
report_04/congestion_report.pdf.

Chin, S.M., O. Franzese, D.L. Greene, H.L. Hwang, and R.C. Gibson. Temporary Losses of Highway Capacit
and Impacts on Performance: Phase 2. Prepared by Oak Ridge National Laboratory, Oak Ridge, TN,
November 2004. https://info.ornl.gov/sites/publications/Files/Pub57300.pdf.

FHWA. Developing and Implementing Transportation Management Plans for Work Zones. Rule on Work Zone
Safety and Mobility, 23 Cfr 630 Subpati.5.DOT, 2005. [TMP guide]

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

Uliman, G.L., M. Pratt, M.D. Fontaine, RJ.Porter, and J. Medina. NCHRP Research Report 869: Estimating the
Safety Effects of Work Zone Characteristics and Countermeasures—A Guidebook. Transportation Resear
Board, Washington, D.C., 2018. http://dx.doi.org/10.17226/25007.
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CHAPTER 2

Work Zone Safety
Management Strategies

This section includes work zone strategies and supportive technologies that transportation
agencies use to address traf c safety concerns in work zones. The following strategies are covered
in this section:

Work zone posted speed limit reduction
Portable variable speed limit system
Temporary rumble strips

Sequential ashing warning lights
Automated agger assistance devices
Work zone intrusion alarm

Moveable traf ¢ barrier systems

2.1 Work Zone Posted Speed Limit Reduction
2.1.1 Description

The 2009 MUTCD, SectidbA.13, de nes posted speed limit (PSL) as “a speed limit deter-
mined bylaw or regulation and displayed on speed limit signs.”

Speed limit reduction is the process of lowering the PSL for a particular segment of a roadway
resulting from changes in geometry, land use, traf ¢ volumes, and crashes or crash potential
along the highway. Work zones and school zones are two examples of where reduced speed
limits are used; however, normal PSL is resumed beyond the end of the work zone.

Two types of reduced speed limits operate in work zones:

1. Resticted speed limits are regulatory speed lirhitsed only when the work zone and
workers are in operation, typically from 9:80n.to 3:30p.m. and from 9:0(p.m. to
5:00a.m.During periods of no activity or when the traf ¢ controls are removed from
the roadway, the speed limit signs are covered or removed. This involves installing (or
uncovering) signs at the beginning of a work shift and removing (or covering) signs at the
end of the shift.

2. 24/7 canstruction speed limits are regulatory speed limits established for long-term
projects when motorists must reduce speeds to safely navigate the work zone. These speed
limits are intended for a 24-hour continuous posting so, unlike the restricted speed limits,
they are not taken down at the end of the work shift.

3The 2009 MUTCD (Section 1A.13) de nes a regulatory sign as “a sign that gives notice to road users of traf c laws or
regulations.”
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2.1.2 When to Use

To assist in determining the need for work zone speed limit reduction, owcharts were
developed by the FHWA (Figu?el) and the New York State Department of Transportation
(NYSDOT) (Figure.2).

The exact criteria used in setting work zone speed limits vary jurisdictionally. As examples
of state policies and procedures, guidance on setting work zone speed limits from the Virginia
DOT (VDOT), the Wisconsin DOT (WisDOT), and the Ministry of Transportation of Ontario
isdiscussed.

2.1.2.1 Virginia

VDOT provides the following warrants for reduced speed limits on short-termhQu2s)
work zones on an Interstate or other limited-access, multilane, divided highway with a PSL of
55mph orgreatert

A lane closure resulting in congestion expected to reduce vehicle operating speeds by at leas
10mph for mostof the time the work zone is in place; or

Pavement surface conditions such as uneven, ridged, or broken pavement or potholes that
destabilize vehicles for most of the work zone; or

Workers within Zt of a travel lane for most of the time the work zone is in place; or

Lane-width reductions resulting in travel lanes less thénvidefor most of the work zone; or

Work activity that reduces the sight distance available to motorists below that required at the
original PSL for the majority of the time the work zone is in place.

VDOT'’s recommended guidelines for increased nes are as follows:

Projects on limited-access highways with work duration d&§8 omore,

Projects on non-limited access highways with a PSLropB%r greater that will have a

work duration of 12@ays omore, and

Projects (both limited and non—limited access highways) where safety will be improved based
on the engineering judgment of the regional traf ¢ engineer.

2.1.2.2 Wisconsin

WisDOT uses the following criteria, along with engineering judgment, to develop ar appro
priate work zone speed limit. The most restrictive work zone impact is used as the determining
condition?

Interstates and expressways with 70 orr6ph speed limit

— If tubular markers separate bidirectional traf ¢, then reduce tmpb.

— If workers are present within #2of live traf ¢ without positive protectiofithen reduce
to 55mph.

— If the work zone is less than or equal tonfi.fong, with lane shifts or narrowed travel
lanes and positive protection, then post warning signs with an advisory speed plaque.

— If the work zone is less than or equal ton@i.fbng, with no lane shifts or narrowed travel
lanes and positive protection, then do not lower the speed limit.

— If work is taking place outside the clear zone, then do not lower the speed limit.

— Reluce all other work zones to B(ph (70 to 60mph or 65 to 6anph).

4Traf ¢ Engineering Division Memorandum Number TE-340.1: Speed Limit and Fine Signs in Work Zones, 2012.

5Traf ¢ Engineering, Operations and Safety Manual, Section 13-5-6: Temporary Traf ¢ Control Zones, February 2018.
SFHWA de nes positive protection as a temporary precast concrete barrier that contains or redirects vehicles and separates
workers from the active travel lanes.

Copyright National Academy of Sciences. All rights reserved.
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Flowchart for setting work zone speed limits (Credit: FHWA).

Figure 2.1.
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Work zone regulatory speed limit reduction owchart (Credit: NYSDOT).

Figure 2.2.
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Expressways and other multilane highways with 55 ormdph speed limit. Reduce to
45mph only in situations that have a combination of extreme lane shifts, narrowed lanes,
bidirectional traf ¢, or milled surfaces. Restore speed limit to normal posted speed when
reduction criteria are not present.

Multilane highways with 45mph speed limit. Reduce speed limit tor@ph only in situa

tions that have a combination of extreme lane shifts, narrowed lanes, bidirectional traf c, or
milled surfaces.

Two-lane rural highways with 58&nph speed limit Reduce to 4Bph only in situations

that have a combination of extreme lane shifts, narrowed lanes, or milled surfaces. The agging
operation in itself would not typically warrant a reduced speed limit because motorists are
controlled by the agging devices.

Two-lane rural roadways with speed limit of 48ph of lessDo not reduce speed limit in
typical cases, but consider a speed reduction of uprtgtin increments of Eph in situa

tions with a combination of extreme lane shifts, narrowed lanes, or milled or gravel surfaces.
Two-lane urban roadways with speed limit of Afph or lessDo not change the speed limit,

but consider reducing it to 3mph in situations that have a combination of extreme lane
shifts, narrowed lanes, or milled or gravel surfaces.

2.1.2.3 Ontario

The January2014 editionof the Ontario Traf ¢ Manual, Book 7 (MTO 2014), provides
guidelines for determining when to reduce speed limits in work zones ¢l&aple

2.1.3 Benets
Reducing speed limits in work zones provides the following bene ts:

Encourages speed limit compliance, thereby reducing crash potential, and
Improves worker safety.

2.1.4 Expected Effectiveness

Hou, Edara, and Sun (2011) evaluated three speed limit scenarios on three short-term
Interstate work zones in Missouri; the speed-reduction scenarios had standard speed limits of

Table 2.1. Appropriate use of speed limitr  eductions in work zones
from the Ontario Traf ¢ Manual, Book 7.

Method Examples
Restricted speed limits. Used only | ¢  Workers on a freeway within 10 ft of a traveled lane open to
when work ers present. tra ¢ where no barieris used
24/7 construction speed lim its. e Lane width le ss than12 ft (3.5 m) on feeways or less than 10 ft
Used for continuous pub lic and (3.0 m) on nonfreeways
work er safety on long-duration e Shoulder width or o set to bariers less than 1%z ft (0.5 m) on
construction with continuous one or both sides
hazards, or where uninterrupted e Sudden lane narrowing
ow cannot be designed at or e Substandard sightlines or stopping sight d istance
above the normal regulatory e Multiple lane shifts , detours, or transitions designed at less
posted speed (substandard than the normal PSL, or those with no illumination
geometrics). e Substandard horizontal or v ertical alignment
e Gravel surfaces (length greaterthan ¥ mi, or 500 m)
Used 24 hours a day. e Multiple lane shifts with confusing pavement markings
e Partial lane shifts onto a surface di erent from th e main roadway
\'a RPSL = posted speed limit.
S\b_PR: MTO (2014).
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Strategies for Work Zone Transportation Management Plans

12 Strategies for Work Zone Transportation Management Plans

70 mph. The scenarios involved (1) no reduction in the PSL, (2) a 10-mph reduction in the
PSL, and (3) a 20-mph reductiontire PSL, respectively. The 85th percentile speeds and speed
variance for the three scenarios weren®h and10 mph, 62mph and8 mph, and48 mph

and 6 mph, respectively. The percentage of drivers who exceeded the PSL by more than
10 mph in each scenario was 1pegrcent, 4.&ercent, and 0.percent, respectively. The
20-mph speed limit reduction scenario proved most effective in lowering prevailing speeds
and speed variance.

The Colorado DOT (CDOT) evaluated seven speed limit reduction scenarios in increments of
5mph (i.e., 75, 70, 65, 60, 55, 50, andyh). With the normal 75-mph PSL from thegh-
way reduced to 6@mph, 85percent of drivers complied with the lower limit (withimh).
This can be considered a successful speed limit that drivers respect—fewer than about 1 in 25
exceeded the limit by more thanrfph. When the speed limit was reducedvidh or more,
however, the number of drivers exceeding the PSL increased sharply from slightly less than 1 in
17at a 15-mph reduction to nearly 1 in 3 at a 30-mph reduction.

2.1.5 Crash Modi cation Factor

The CMF for a work zone speed limit reduction appears to show a minor effect on crash
risk, as shown in Tab.2 Chapterl3 of this document provides more information on
developing WZCMFs.

2.1.6 Implementation Considerations

Part6 of the MUTCD discusses speed limit reduction for temporary traf ¢ control (TTC)
zones. Sectio®C.01 of the 2009 MUTCD states,

Reduced speed limits should be used only in the speci ¢ portion of the TTC zone where conditions
or restrictive features are present.

A TTC plan should be designed so that vehicles can travel through the TTC zone with a speed limit
reduction of no more than 1@ph.

Reduced speed zoning (lowering the regulatory speed limit) should be avoided as much as practical
because drivers will reduce their speeds only if they clearly perceive a need to do so.

Research has demonstrated that large reductions in the speed limit increase speed variance and the
potential for crashes. Smaller reductions in the speed limit of upgphCGause smaller changes in
speed variance and lessen the potential for increased crashes. A reduction in the regulatory speed limit of
only up to 10mph from the normal speed limit has been shown to be more effective.

Table 2.2. CMFs for work zone speed limit reductions.

Crash Crash Facility Type Volume CMF | Standard Error
Type Severity Range
Lower posted speed by 5 mph
All All Urban and rural Not speci ed 1.17 Not speci ed
freeways
Lower posted speed by 10 mph
All All Urban and rural Not speci ed 0.96 Not speci ed
freeways
Lower posted speed by 15 to 20 mph
All All Urban and rural Not speci ed 0.94 Not speci ed
freeways

\ a R: The CMFs were derived from past studies on non—work zone roads, so their potential applicability
to a work zone situation is unclear. Use these values with caution for work zones, because reduced work
zone speed limits are often connected to other changes in the roadway cross section. CMF = crash
—Te ESe T —1eSET
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Figure 2.3. Reduced speed limit regulatory signs and plaques (Credit: 2009 MUTCD).

The MUTCD guidance corresponds with conclusions of eld research such as Migletz et
(1999) andNCHRPResearch Results Digest 192 (Transportation Research Board 1996).

In general, the original PSL and road type are important factors for DOTSs to consider, as are
the presence of workers, their proximity to traf ¢, project length, project duration, area type
(i.e., urban versus rural), occurrence of night work, traf ¢ mix (e.g., commuter, recreational,
truck percentages), and geometric changes. Another important factor frequently considered is
the type of separation between workers and traf ¢ (e.g., drums versus concrete barrier).

Some state DOTs regulate work zone speed limit reductions based on worker proximity to
traveled way and the presence of positive protection. For example, Michigan DOT (MDOT)
does not allow a speed limit reduction when work activities, workers, materials, and equipment
are more than 18 from the edge of the traveled way. Similarly, CDOT does not recommend
speedimit reduction when the distance to the work is more thaift Iom the edge of the
traveled way, or when the work area is protected by concrete barrier and lane widths are
not reduced.

2.1.7 Design Features and Requir  ements

Any speed limit reduction must be accompanied by the appropriate signs. ERjst®ws
the MUTCD-recommended regulatory signs and plaques for use with reduced work zone
speed limits’

2.1.7.1 Upstream of the Work Zone

The sign must consist of a black and white SPEED LIMIT sign (R2-1) with a black and orange
WORKZONE plaque (G20-5aP) installed above the SPEED LIMIT sign.

Use a REDUCED SPEED LIMIT AHEAD (W3-5 or W3-5a) sign to inform road users of a
reduced speed zone where the speed limit is being reduced by more itiaim, 0 where

"The difference between a plaque and a sign is that a plaque cannot be used alone.
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engineering judgment indicates the need for advance notice to comply with the PSL ahead.

If used, REDUCED SPEED LIMIT AHEAD signs must be followed by a SPEED LIMIT sign

(R2-1) installed at the beginning of the zone where the speed limit applies.

If increased nes are imposed for traf c violations within the work zone, then

— Instal a BEGIN HIGHER FINES ZONE (R2-10) sign at the upstream end of a work zone
where increased nes are imposed for traf ¢ violations. Alternate legends such as BEGIN
DOUBLE FINES ZONE may also be used for the R2-10 sign.

— Mount a FINES HIGHER (R2-6PKINES DOUBLE (R2-6aP), or $X FINE (R2-6bP)
plague below the speed limit.

2.1.7.2 Downstream of the Work Zone

Instal END WORK ZONE SPEED LIMIT (R2-12) sign.
Ifincreased nes are used, then install an END HIGHER FINES ZONE (R2-11) sign. Alternate
legends such as END DOUBLE FINES ZONE may also be used for the R2-11 sign.

Individual signs and plaques for work zone speed limits and higher nes may be combined
into a single sign or displayed as an assembly of signs and plaques.

2.1.7.3 Ohio

In September 2012, legislative changes to Ohio Revised Code 4511.98 (http://codes.ohio.gov/
orc/4511) enabled the Ohio DOT (ODOT) to establish electronic speed limits in construction
zones. Electronic work zone variable speed zones are permitted on multilane highways with
speed limits of 5&Bph or greater when workers are present for 3 or more consecutive hours,
within the closed lanes or within fi0of the edge of the traveled way, and without positive
protection. The intent of the electronic speed limit signs is to lower the speed limits “based on
the type of work being conducted, the time of day when the work will be done, and any other
criteria deemed appropriate by the Director of Transportation.” The legislation allows the
speed limit to be reduced tiph lower tharthe original non—work zone PSL.

The reduction in the PSL is conveyed to motorists through the portable, trailer-mounted
digital sign displaying the speed limit for the work area. There are also ashing lights and
text, WORK ZONE or WORKERS PRESENT, to notify motorists they are driving through a
construction zone (Figurg.4). The digital signs do not use radar or any other technology to

Figure 2.4. ODOT variable speed limit signs
(Credit: ODOT).
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record or collect speeds from passing motorists. The digital signs are only programmed to post
the speed limit in a construction work zone and ash lights intermittently.

2.1.8 State of the Practice

2.1.8.1 Policy and Warrants for W ork Zone Speed Reduction

NCHRP Synthesis 482: Work Zone Speed Management (8ha20#5) reports that
64 percent of state DOTs have a formal policy or guideline for determining when to reduce
speed limits in work zones. In most cases, these documents also establish an agency-speci c
administrative process for approving speed reductions. Sextloa provides examples of
states’ policies and procedures on setting work zone speed limits.

2.1.8.2 State Laws to Enforce Work Zone Speed Limits

According tahe Governors Highway Safety AssociatiaihlJ).S. states have laws that increase
the penalties for speeding or committing other traf ¢ violations while in a construction work
zone. The enhanced penalty is often a doubling of the ne applicable had the same traf c violation
been committed outside a construction zone. It may also be a xed-dollar amount or a range.
In many states, the enhanced penalty is applicable only when workers are present or if suitable
signs are posted that notify drivers of increased nes.

22 states require workers and signs to be present for the increased penalties to take effect
(Alabama, Arizona, Arkansas, California, Connecticut, Florida, Kentucky, Minnesota,
Mississippi, Missouri, Montana, Nebraska, Nevada, New Hampshire, North Dakota,
Oklahoma, Pennsylvania, South Dakota, Tennessee, Texas, Utah, and Virginia).

19 states and the District of Columbia require only signs to be present for the increased
penalties to take effect (District of Columbia, Georgia, ldaho, Illinois, Indiana, lowa,
Kansas, Maine, Maryland, Massachusetts, Michigan, New Jersey, New Mexico, New York,
North Carolina, Ohio, Rhode Island, South Carolina, Vermont, and West Virginia).

2.1.9 Cost

The costs for each static sign vary from $250 to $500, depending on the size. If a DOT is using
electronic signs, such as speed display trailers, then costs may range between $8,000 and $10,000
per unit. Data-collection functionality adds an additional $5,000 per unit.

2.1.10 Resources and Refer ences

Bham, G., and MA. Mohammadi. Evaluation of Work Zone Speed Limits: An Objective and Subjective Analysis
of Work Zones in Missouri. MATC REPORT # 25-1121-0001-119. February 2011.

Brewer, MA., G.Pesti, and WH. Stneider, IV. Improving Compliance with Work Zone Speed Limits:
Effectiveness of Selected Devitemsportation Research Record: Journal of the Transportation Research
Board, No. 1948, 2006, pp. 67—76.

Guidelines to Establish Speed Limits in Work Zones, Michigan Department of Transportation, Bureau of
Highway Instructional Memorandum 2005-16, December 2005.

Hou, Y., P. Edara, and C. Sun. Speed Limit Effectiveness in Short-Term Rural Interstate Work Zones. Presented at
90th Annual Meeting of the Transportation Research Board, Washington, D.C., 2011.

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

Migletz, J., 1. Graham, 1.B. Anderson, DW. Harwood, and KM. Bauer. Work Zone Speed Limit Procedure.
Transportation Research Record: Journal of the Transportation Research Board, No. 1657, 1999, pp. 24-30.

Ministry of Transportation of Ontario (MTO), ed. Ontario Traf ¢ Manual, BooKr&mporary Conditions,

Queen’s Printer for Ontario, Ottawa, ON, Canada, 2014.

8Please see the GHSA Work Zones web page at https://www.ghsa.org/state-laws/issues/work%20zones (accessed May 12, 2020).
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MnDOT. Speed Limits in Work Zones Guidelines, Minnesota Department of Transportation, Zhdtéber

NYSDOT. Engineering Instruction (El) 08-030. Work Zone Speed Limit Reductions. New York State Department
of Transportation, Albany, New York, Septem®&008.

ODOT. Signs as to Increased Penalties in Construction Zones. Ohio Revised Code (ORC), Section 4511.98,
Effective date Septembkd,2012. http://codes.ohio.gov/orc/4511.98. Accessed M&r2019.

Outcalt, W.Work Zone Speed Control, Colorado Department of Transportation—Research, CDOT-2009-3,
January2009.

Shaw JW., M. V. Chitturi, W. Bremer, and DA. Noyce. NCHRP Synthesis 482: Work Zone Speed Management.
Transportation Research Board, Washington, D.C., 2015.

Transportation Research Board. NCHRP Research Resultd @idgesicedure for Determining Work Zone
Limits, Septembelr996.

WSDOT. Speed Limit Reductions in Work Zones, Washington State Department of Transportation, Secretary’s
Executive Order Number: E 1060.02, M&y2018.

2.2 Portable Variable Speed Limit System
2.2.1 Description

A variable speed limit (VSL) system is a type of smart work zone (SWZ) system that uses
traf ¢ detection, weather information, and road surface—condition technology to determine
appropriate speeds at which drivers should be traveling, given current roadway and traf ¢
conditions.

Sensors along the roadway collect conditions such as traf ¢ volume, operating speeds, lane
occupancy, and weather information. These data are typically transmitted to a transportation
management center (TMC) and analyzed automatically with an algorithm or reviewed by
agency personnel who decide the speed limit. Depending on the objectives set for the system,
speed limits can be regulatory or advisory. These regulatory or advisory speeds are usually
displayed on overhead electronic message boards, portable electronic speed trailers, or portable
changeable message signs (PCMSs). Note that regulatory VSLs are enforceable, whereas advisc
VSLs are not.

Two common purposes for deploying VSLs are for weather-related conditions and for inci-
dent management. Recently, there has been a renewed interest in expanding VSL functionality
to work zones. This section discusses the use of VSLs in work zones, here referred to as “portabls
variable speed limit systems” (PVSLS). Fi@useshows an exampdé regulatory PVSLS and
Figure2.6 showsan advisory PVSLS.

Figure 2.5. Regulatory PVSLS trailer at a Utah
work zone (Credit: Street Smart Rental).
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Figure 2.6. Advisory PVSLS trailer at a Missouri
work zone (Credit: University of Missouri).

2.2.2 When to Use

PVSLS may be considered for deployment when the following conditions are anticipated:

Work zone will cause Ifiinutes ormore of additional travel time.

Work zone queue is estimated to slow traf ¢ at leasti® belowthe PSL.

Traf c speeds through the project vary widely because of oversaturated conditions during
the peak period, and the timing and extent of congested travel will vary signi cantly day

to day.

Frequent planned lane closures are expected, which will create queues that cause high speed
differentials between queued and approaching traf c.

Lower speed limits would be temporarily bene cial for the work activities that will frequently
occur.

The types of construction projects and work zones considered as good candidates for PVSLS
deployment have the following characteristics:

Work duration of at least 3fays. A PVSLS is not recommended in a short-term work zone
becausef higher setup costs and longer testing and calibration times.

Roadways with higher speeds idh orgreater).

Four-lane divided or undivided roads (two lanes in each direction), maintaining at least
a single through lane in each direction during construction.

Work zone projects where providing positive protection is not feasible (roadway resurfacing,
roadway slab replacement, bridge deck replacement, etc.).

Roadways with suf cient traf ¢ volume to measure (directional average daily traf c volumes
between 7,500 and 25,000), but not in an area known to be frequently congested.
Roadways that are at and straight (simple geometries with minimal curves and elevation
changes).
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The following project types are unsuitable for PVSLS deployment because of the complexities
involved in implementation, placement, and monitoring of conditions:

Projects involving moving operations (striping, grinding rumble strips, etc.).

Projects with just shoulder work (i.e., too small a traf ¢ impact to worry about).

Projects that use agger control, pilot vehicles, and temporary signals.

Projects where lane closures will require positive protection.

Work zones too close (minimum 1 mi) to a traf ¢ signal or other access control to eliminate
external in uences on the system.

2.2.3 Benets

The goal of PVSLs is to gradually reduce speeds of vehicles approaching the lane closure in
an attempt to

Delay (and possibly prevent) congestion from forming at the lane closure.

Reduce the speed differential between congested and uncongested traf ¢ ow at the back of
the queue, and thereby

— Raluce the potential for rear-end crashes.

— Raluce the crash potential associated with lane merges at lane tapers.

— Improve motorist and worker safety.

2.2.4 Expected Effectiveness
Reported results of regulatory PVSLS studies include the following:

With the assistance of an FHWA Accelerated Innovation Deployment demonstration grant,
the Utah DOT (UDOT) initiated a PVSLS program in 2014 and evaluated the effectiveness of
a PVSLS at four work zones in 2016 and 2017 (UDOT 2018). When the PVSLS was activated,
compared with baseline, speeding was reduced by

— 15.1percent for vehicles exceeding PSL by more thanpti13.3percent to 28.4eacent),

— 25percent for vehicles exceeding PSL between 10 and 15 mph, and

— 83.4percent for vehicles exceeding PSL by less themph0

The Texas DOT (TxDOT) evaluated the effectiveness of PVSLS in 2014 and reported speed
reductions ranging between 2iph and 4.2Znph when the PVSLS was active. The study also
showedan increase in vehicles per hour per lane (vphpl) between 188 and 350.

The Maryland State Highway Administration (MDSHA) found apeBcent increase in
throughput, a 34ercent reduction in travel time during the congested half hour, and

a 15percent increase average speed (Park and Chang 2010).

Reported results of advisory PVSLS studies include the following:

Edara, Sun, and Hou (2013) evaluated variable advisory speed limits at four work zones in

Missouri and reported the following results:

— 2.2 mgh reduction in mean speeds at an urban uncongested work zone,

— 40percent to 5&ercent decrease in average queue length,

— 6 percent to 13ercent reduction in work zone throughput and 2&cent to 29ercent
decrease in number of stops per vehicle for an urban congested work zone, and

— 2 mph reduction in mean speeds and 85th percentile speeds at rural work zones.

Kwon etal. (2007) reported a ercent to 3percent decrease in speed variancgeacént

increase in throughput, and an increase in speed limit compliance during the morning peak

period.
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Several other eld studies on both regulatory and advisory PVSLSs provided inconclusive
results (Saito and Wilson 2011; Fudala and Fontaine 2010; Riffki2@08; Michigan Depart
ment of Transportation 2003).

2.2.5 Crash Modi cation Factor

Table2.3 shows the CMF for a PVSLS. Chapauf this document provides more informa-
tion ondeveloping WZCMFs.

2.2.6 Implementation Considerations

Most, if not all, states have a speed-zoning statute that delegates to the DOT the power to
establish or change speed limits. The states that have implemented PVSLS have done so mainly
under the broad authority provided in this speed-zoning provision of state law or through a
special provision (e.g., South Dakota and Texas).

South Dakota House Bill 1008 (2018) states,

The secretary of transportation may establish limited speed zones through highway work areas on the
state trunk highways and on any segment of the interstate highway system based on monitored traf c,
weather, or road surface conditions if the secretary of public safety and the secretary of transportation, after
consultation with the director of the highway patrol, agree the limited speed zones are necessary for the
protection of life and property. Differing speed limits may be established for different times of day, different
types of vehicles, varying weather conditions, and any other factor that has a bearing on a safe speed.

In December2013, the Texas Transportation Commission established Rule §25.27 of the
Texas Administrative Code, authorizing and requiring TxDOT to implement a VSL pilot
program to “study the effectiveness of temporarily lowering prima facie speed limits to address
inclement weather, congestion, road construction, or any other condition that affects the safe
and orderly movement of traf ¢ on a roadway.”

The Judicial Enforcement of Variable Speed Limits report (Hines and McDaniel 2002)
addresses legal considerations for implementing and enforcing VSLs; state DOTs should refer
to this guidebook for more detailed information on this topic.

DOTs can use also a commercial off-the-shelf (COTS) system to deploy PVSLS. The PVSLS
could be a line item under TTC in a speci cation, and a COTS system could be competitively bid,
thus relieving the DOT from procurement, operations, and maintenance burdens. Alternatively,
the DOT could develop, procure, own, and operate the system. There are, however, many factors
to consider if the DOT procures the devices for the PVSLS, such as maintenance, software
development, capital replacement, deployment, personnel costs, and capital replacement concerns.

There are three basic strategies for implementing PVSLS changes to the PSLs:

Manual implementation A manually implemented operation requires an operator to
change multiple electronic signs when noti ed, if a condition is observed through live video,
or based on other alerts.

Table 2.3. CMFs for PVSLSs.

Crash Crash Seveiity | Facility Type Volume CMF | Standard Error
Type Range
All All Urban Interstate | Not speci ed 0.92 0.04

N \a R: The CMF was developed from data from a single permanent site in Missouri using an empirical

Bayes analysis. While the CMF is reliable for the corridor that was studied, analysts should consider
‘Z+'Z>1%'215Z 07 1> -1851™Z75-S—7—e1’'—@eSeeSe’"—1 "7es1cZ1>$—@+Z>S¢eZ1"1S—¢1le™ZE E1l ">":
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Semiautomated implementation. This process would use an algorithm that collects eld
data (speed, volume, and occupancy) and measures against predetermined thresholds.
The operator could be prompted by the software to concur or dismiss suggested changes
to the VSL signs. With a semiautomated system, operators could also manually implement
changes (i.e., override the system). The algorithm allows different parameters to be set and,
depending on the system performance, be adjusted. With a semiautomated system, the
software could also prompt operators to approve or dismiss suggested changes (i.e., override
the system).

Fully automated implementation. This system has all the capabilities of the previously
mentioned systems but does not require any human intervention. A fully automated system
would require a considerable amount of time and monetary investment. It would also require
extensive instrumentation, stringent maintenance requirements, and testing to ensure the
algorithm does not compromise the safety of the traveling public.

The following operational parameters should also be considered when deploying PVSLS:

Set minimum frequency for changing speeds at 5 to 10 minutesniBetés as the mininm,

but the project may consider collecting data using a 10-minute minimum to see if the 5- and
10-minute thresholds are notably different.

Ensure that the PVSLS has a maximum speed limit set for each project and that the maximum
speed is the posted speed of the roadway before construction.

Do not reduce speed limits in advance of taper because vehicles may need to accelerate tc
merge into a single lane of traf c.

Operate the PVSLS only when workers are present and return to PSL when workers are not
present.

Use a static sign to advise drivers to return to PSL at the end of the work area.

A public information and outreach campaign must also be undertaken before implementation
of the PVSLS.

2.2.7 Design Features and Requir  ements

PVSLS typically includes traf ¢ sensors to collect traf ¢ ow and speed data, several properly
located electronic speed signs to display speed limits, a reliable control algorithm to compute the
optimal set of speed limits at all control locations, a real-time database, and a communication
system to convey information between all principal modules.

2.2.8 State of the Practice

The following states use VSLs during incident- or weather-related scenarios: Alabama,
Delaware, Florida, Georgia, Maine, Maryland, Michigan, Missouri, Nevada, New Jersey,
New York, Oregon, Pennsylvania, South Carolina, South Dakota, Tennessee, Texas, Virginia,
and Washington.

Maryland, Michigan, Minnesota, Virginia, and Texas have used PVSLS on demonstration
projects in work zones, but their programs are currently inactive. At the time this guidebook
was written, Utah, Colorado, and South Dakota were the only states actively pursuing the use
of PVSLS in work zones. The following is a brief description of their programs.

2.2.8.1 Utah

UDOT initiated its PVSLS program in 2014, with the assistance of an FHWA Accelerated
Innovation Deployment demonstration grant. In 2015, UDOT developed a concept of operations
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that summarized the PVSLS operational parameters and limits, user and system needs, stake-
holder needs and responsibilities, operational scenarios, testing/validation, data collection,
performance monitoring, and safeguards, as well as the system devices needed and where they
are to be deployed within the work zone.

At the time this guidebook was written, UDOT had completg@as of PVSLS system
deployment testing in four construction work zones to evaluate the effectiveness of the system
(refer to Sectior2.2.4 for results). Based on the positive results from the four trial projects,
UDOT created a standard drawing (Figaré and Appendix B) to help contractors to bid and
deploy a PVSLS system. At the time this guidebook was written, UDOT has advertised PVSLS
for three work zones for the 2019 construction season.

2.2.8.2 Colorado

CDOT developed its PVSLS concept of operations in June 2018 and deployed its rst PVSLS
on an 18-mi stretch of Interstate 25 from south of Castle Rock to Monument, referred to as
“the Gap.” It is the only four-lane section of 1-25 connecting Colorado’s two largest cities,
Denver and Colorado Springs. CDOT deployed 22 electronic speed trailers (11 in each direc-
tion) in July2019. Traf c conditions are monitored at the project operation center and the
PVSLS adjusted based on weather conditions, crashes, congestion, or other construction-
related effects. Figu2e8 shows a screenshot of the software used to control the PVSL. These
PVSLSs are enforceable and CDOT has partnered with the Colorado State Patrol to signi -
cantly expand traf c enforcement. CDOT has plans to evaluate the effectiveness of the PVSLS
in 2020.

2.2.8.3 South Dakota

The South Dakota DOT (SDDOT) deployed a PVSLS as part of the 1-229, exit 5, reconstruc-
tion project in Sioux Falls. The PVSLS was deployed in2818 and consisted of 17 electronic
speed limit signs tied to a queue warning system (QWS) in advance of the work zone. When the
QWS discovers slowed or stopped traf c, it lowers posted speeds for approaching traf ¢ on
the electronic speed limit signs, as well as displays an appropriate message on message boards.
The PVSLS was incorporated into the QWS through a construction change order.

2.2.9 Cost

The cost for deploying a smart work zone such as the PVSLS depends greatly on the project
duration and the number of devices (e.g., message boards, traf c sensors, speed trailers,
cameras) used. In general, the rental cost is the same for a PCMS or a traf ¢ sensor or camera—
approximately $1,000/week/unit. For longer-duration projects, the rental costs can be-substan
tially lower.

Equipment rental cost for the UDOT PVSLS was between $173 and $329 per day. In addition to
the cost of renting the equipment, system deployment budgets were required to address equip-
ment mobilization, training, and software con guration. It was determined that a 0.5 full-time
equivalent of a eld worker’s time is needed to ensure the system transitions in parallel with
construction activities.

The CDOT PVSLS deployment cost was about $550 per unit per month, with a one-time
mobilization fee of $10,000.

The SDDOT reported a cost of about $5,700 per each sign along with a monthly maintenance
fee of about $1,700 for software and modems.
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UDOT PVSLS standard drawing (Credit: UDOT).

Figure 2.7.
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Figure 2.8. Screenshot of software used to control the PVSL (Credit: CDOT).
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Figure 2.9. Portable plastic rumble strips
(Credit: Texas A&M T ransportation Institute).

2.3 Temporary Rumble Strips
2.3.1 Description

The 2009 MUTCD, Section 6F.87, de nes transverse rumble strips as “intermittent, narrow,
transverse areas of rough-textured or slightly raised or depressed road surface that extend
across the travel lanes to alert drivers to unusual vehicular traf ¢ conditions. Through noise and
vibration they attract the driver’s attention to such features as unexpected changes in alignment
and to conditions requiring a stop.”

“Temporary rumble strips” (TRSs) refers to the use of transverse rumble strips in advance
of work zones to alert drivers of conditions. TRSs are installed in work zones, are typically
temporary, and are removed once the construction is complete. Two kinds of TRSs are available:

1. Portable plastic rumble strips that stay in place under their own weight and do not require
the use of nails, adhesives, or fasteners. These strips are blacR.Fighuwes an example
of portable plastic rumble strips.

2. Orange polymer rumble strips with preapplied adhesive. Fig2r&0 shws an example
of this kind of rumble strip.

2.3.2 When to Use

States currently use TRSs on both freeway and nonfreeway projects in situations such as lane
closures, speed reductions, agging operations, changes in alignment, new merge patterns,

Figure 2.10. Orange polymer rumble strips with
adhesive (Credit: MDOT).
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visual obstructions, nighttime work zones, and more. The circumstances and the type of TRS
used vary considerably, as discussed by the DOT examples to follow.

In accordance with the TXDOT Work Zone Temporary Rumble Strip Standard Sheet Memo
(Novemberl2, 2012)portable plastic rumble strips are to be used on

One-lane, two-way operations using aggers, portable signals, or AFADs with a PSL of
70mph or less, or
Lane closures on conventional highways with a PSL of 70 mph or less.

In accordance with the VDOT Revised Guidelines for the Use of Portable Temporary Rumble
Strips (IIM-TE-386.Dctober 2018), TRSs can be used only when the following conditions are
metconcurrently:

Work operations involving aggers, portable signals, or AFADs occur on a two-lane roadway
during daylight hours.

Work duration of the activity at a location is greater th&uods.

Existing postedr regulatory speed limit is 35 mph or greater.

Roadway has a marked centerline, indicating at least 500 vehicles per day (vpd).

Effective Januar®020, WisDOT requires TRSs for all agging operations, static or moving,
in place for longer than2ours.

MDOT allows the use of portable plastic rumble strips on all nonfreeway projects, with a
speed limit of 65nph or less, with traf ¢ regulators or temporary portable signal installations
usedto regulate traf ¢ (AppendixC1). MDOT also developed two speci cations for orange
polymer with preapplied adhesive rumble strips, depending on their installation site: (1) one
set of speci cations detailing the rumble strips’ application in advance of a STOP condition
(AppendixC2), and (2) the other set when the strips are used at the approach to a work zone
(AppendixC3).

TRSs should not be used on fresh seal coats, bleeding asphalt, soft pavement, heavily
rutted road, or gravel surfaces. TRSs should also not be used in horizontal curves or on steep
slopes. These conditions could cause excessive movement that could lead to a safety hazard
for motorists.

The duration of the work zone is a key variable in deciding whether to use TRSs and, if so,
which type.

Mobile or short-duration work that moves intermittently or continuously: TRSs are not

practical.

Short-term stationary work ( 1 hour within a single daylight period): portable plastic rumble

strips are best suited.

Intermediate-term stationary work { daylight period up to 3 days, or nighttime work
1 hour): portable plastic rumble strips are best suited.

Long-term stationary work @ days): portable plastic rumble strips or polymer/thermoplastic

with preapplied adhesive are best suited.

2.3.3 Benets
The use of TRSs provides the following bene ts:

The sight of rumble strips can alert motorists that they are about to enter a work zone where
unusual or unexpected road conditions exist.

Audible and vibratory stimuli produced by rumble strips can increase awareness among
drivers as they travel through work zones, which can be particularly helpful for inattentive,
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fatigued, or sleepy drivers. An increase in driver awareness can lead to positive behavior
modi cation in speed reduction, braking, and increased compliance with warning signs and
devices—all of which are behaviors that can reduce crashes in work zones.

2.3.4 Expected Effectiveness

Nearly all rumble strip research reported an increase in driver awareness. Some ndings
include the following:

1 to 7.2mph reductionin average speeds (WisDOT 2018).

10.1percent—13.percent reduction in mean speeds andp@@ent—14.percent reduction

in the 85th percentile speeds (Yangle2013).

0.39to 1 mph reductionin average speeds (Sun, Edara, and Ervin 2011).

4.6 to 11.4mph mean speed reduction for automobiles and 5 to 11.7 mph for trucks
(Wang etal. 2011).

1to 2 mph reductions in mean speed (Fitzsimmora.e2009).

8 mph reduction in mean speed (Reddyk?2008).

2 mph mean reduction in automobile speeds and 7.2 mph for truck speeds (Fontaine and
Carlson 2001).

2.3.5 Crash Modi cation Factor

Table2.4 shows the CMF for TRSs. Chagdigprovides additional information on devel-
oping WZCMFs.

2.3.6 Implementation
The following aspects should also be considered when deploying TRSs:

TRSs do not provide drivers any indication of what action is desired. Thus, deploy TRS only

in conjunction with other TCDs that help drivers identify the appropriate action.

To make cyclists, motorcyclists, and motorists aware that the TRSs are deliberate, and
to prevent erroneous drivers’ responses, place a RUMBLE STRIPS AHEAD warning sign in
advance of zones where TRSs are present.

TRS can cause stability problems for motorcyclists and bicyclists. Provide breaks in the
center of the lane to allow motorcycles and bicycles to avoid them if so desired. Advance
warning about the presence of TRSs is also useful. The 2009 MUTCD includes a motor-

cycle plague (W8-15P) that may be mounted below a warning sign indicating loose gravel,

grooved pavement, metal bridge deck, or steel plates ahead if the warning is intended to be
directed primarily to motorcyclists. In response to speci ¢ requirements enacted through the

Table 2.4. CMFs for TRSs.

Crash Crash Facility Type Volume CMF Standard
Type Severity Range Error
(AADT)
Nigh 4me All Rural Interstate 55,006~ 0.890 (not 0.377
when queues were not 110,000 signi cant)
present
Nigh 4me All Rural Interstate 55,006~ 0.397 0.265
when queues were present 110,000
NlaRfil 1%18——7S¢15Y7>8¢71S5’¢¢1e5S €01 1%1E>Se'l-"« ES+'"—1:SE+">01
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Washington State legislature, the Washington State Department of Transportation (WSDOT)
developed a MOTORCYCLES USE EXTREME CAUTION warning sign (W21-1701 in the
WSDOT Sign Fabrication Manual) to be used in conjunction with other warning signs in

advance of hazards to reduce motorcycle risks in work zones.

Extend TRSs onto the shoulder to discourage drivers from making erratic maneuvers to

avoid the strips.

Avoid placing TRSs on sharp horizontal or vertical curves, soft fresh seal coat, or heavily

rutted pavement.

TRS maintenance is crucial in ensuring intended performance. Immediately replace shifting

or misaligned rumble strips.

2.3.7 Design Features and Requir  ements

The con guration of TRSs includes interrelated factors such as their placement within the
work zone, number of arrays (or sets) of TRSs used at a work zone, number of strips in a set,
and spacing of strips in the set. TRSs have been tested or deployed for use in work zones in
patterns ranging from 1 to 25 rumble strips, with 6 strips being a frequently used pattern in
evaluations. There is a variety of practices or recommendations regarding the con guration of
TRSs. Practitioners should ultimately follow state DOT speci cations, traf ¢ control plans, and

manufacturer recommendations, when available.

Table2.5 provides sample of rumble strip con gurations currently used in work zones.

2.3.8 State of the Practice

TRSs are widely used by several states that have developed their own standard speci cations
and traf ¢ control plans. Examples of standard drawings from selected state DOTs are provided.

AppendixC1 presentthe MDOT special provision for TRSs (March 2018).
AppendixC2 presents the MDOT special provision for TRSs (orange) in advance of a stop

condition (Februan2012).

AppendixC3 presents the MDOT special provision for TRSs (orange) in advance of a work

zone(February2012).

AppendixC4 presentshe UDOT standard drawings for use of TRSs for freeway/divided-

highway lane and shoulder closures (R20E8).

AppendixC5 provides the CDOT portable TRS typical applications for use with one-lane,
two-way operations using aggers and for lane closures on multilane divided highways

(revised May018).

Table 2.5. TRS spacing (in ft) by PSL.

State <40 nph 40-49 mph /50 mph
Ohio 6-8 6-8 6-8
Texas 10 1% 20
Virginia 10 15 20
lowa 10-20 10-20 10-20
Utah 40 40 40
Colorado 40 40 40
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2.3.9 Cost

A single portable plastic rumble strip costs about $1,500. A minimum of three strips is
required to form an array (or set). Portable plastic rumble strips are reusable and normally last
3 to Syears, dependingn use.

2.3.10 Resources and Refer ences

American Traf ¢ Safety Services Association. Guidance for the Use of Temporary Rumble Strips in Work Zones. 201

Ezekiel, Y., Q.. Hsidh, G.P.Ullman, and RE. Bydia. Effectiveness of End-of-Queue Warning Systems and
Portable Rumble Strips on Lane Closure Craslmsnal of Transportation Engineering, ASCE, Part A:
Systems Vol. 143, Issue 11 (November 2017).

Finley, M.D., J.D. Miles, and RJ.Carlson. An Assessment of Various Rumble Strip Designs and Pavement Marking
Applications for Crosswalks and Work Zones, Texas Department of Transportation, FHWA/TX-06/0-4728-2,
October2005.

FitzsimmonsE., N. Oneyear, S. Hallmark, N. Hawkins, and T. Maze. Synthesis of Traf ¢ Calming Techniques in
Work Zones. lowa State University. JanRa6p.

Fontaine, M.D., and PJ.Carlson. Evaluation of Speed Displays and Rumble Strips at Rural-Maintenance
Work ZonesTransportation Research Record: Journal of the Transportation Research Board, No. 1745, 200:
pp. 27-38.

Horowitz, A.J.,and T. Notbohm. Testing Temporary Work Zone Rumble Strips. Ames, IA: Institute for Trans
portation, lowa State University (Midwest Smart Work Zone Deployment Initiative), 2005.

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

Reddy, V., D. Tapn, D. McAvoy, and S. Pinapaka. Evaluation of Innovative Safety Treatments—A Study of the
Effectiveness of Temporary Rumble Strips in Construction Work Zones. Florida Department of Transportation,
40502-PL-008-001, January 2008.

Schrock, D., V.R. Srikonda, and El. Fitzsimmons. Development of Temporary Rumble Strip Speci cations,
Kansas Department of Transportation (K-TRAN: KU-14-6), February 2016.

Sun, C., P. Edara, and K. Ervin. Elevated-Risk Work Zone Evaluation of Temporary Rumble Strips. Missour
Department of Transportation, K-TRAN: KU-09-5. December 2011.

Virkler, M. Removable Orange Rumble Strips. University of Missouri, 2000.

Virkler M., M. Deepak, and K.. Sanford Bernhardt. Preformed Rumble Strips. University of Missouri, 2002.

Wang, M.H., S.D. Schrock, Y. Bai, and R. Rescot. Evaluation of Innovative Traf ¢ Safety Devices at Short-Term
Work Zones, Kansas Department of Transportation. K-TRAN: KU-09-5. December 2011.

WisDOT.Temporary Portable Rumble Strips Study, Wisconsin Department of Transportation, Bureau of Traf ¢
Operations, Januar3018.

Yang H., K. Ozbay, B. Bartin, and S. Chien. Evaluation of Supplementary Traf ¢ Control Devices for Surveyor
Safety Enhancement. Presented at 92nd Annual Meeting of the Transportation Research Board, Washington,
D.C., 2013.

2.4 Sequential Flashing War ning Lights
2.4.1 Description

Sequential ashing warning lights (SEQ) are wireless steady-burn warning lights, mounted on
channelizing devices and ashing in a sequence to clearly delineate the taper at work zone lane
closures (Figur2.11). To help drivers identify the required vehicle path, the successive ashing
of the SEQ begins at the upstream end of the merging taper and ends at the downstream end of
themerging taper.

2.4.2 When to Use
SEQ use is restricted to nighttime work zones with lane closures only.

The North Carolina DOT (NCDOT) allows the use of SEQ for merging tapers during nightly
work activities on Interstates and freeways with speed limits greater thrgrh Z5d facilities
with signi cant traf ¢ volumes.
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Figure 2.11. Sequential warning lights (Credit: University of Missouri).

The Missouri DOT’s (MoDOT) practice is to use SEQ on rural work zones with a high
percentage of truck traf c. MoDOT has also deployed SEQ on nighttime Interstate construc-
tion and maintenance projects.

2.4.3 Benets
The use of SEQ provides the following bene ts:

Improving driver recognition of merging taper,

Increasing drivers’ awareness of active work zones,

Reducing driver approach speeds,

Maximizing traf ¢ ow by promoting smooth lane merges,

Reducing the incidence of last-second decisions in a taper merge maneuver (i.e., better and
earlier lane discipline), and

Offering a low-cost countermeasure with potential high returns.

2.4.4 Expected Effectiveness
Field evaluations of SEQs have reported the following results:

Average speeds decreased on average bypB.2nd 85th percentile speeds decreased

on average by hph, which causes vehicles to merge further upstream from the taper.
The bene t—cost ratio ranged from 5 to 10 (Sualef011).

A Texas Transportation Institute study reported a “one-fourth reduction in the number of
passenger vehicles and a two-thirds reduction in the number of trucks in the closed lane
1,000-ft upstream of the lane closure” (Finley, Ullman, and Dudek 2001).

A British Highways Agency study (2005) reported that the “effect of sequential lamps is
seen consistently from a point 500 m before the taper, but also has an effect at a point 600 m
before the taper in half the cases.”

2.4.5 Crash Modi cation Factor
No CMF is available for this strategy.
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2.4.6 Implementation Considerations

SEQs must ash sequentially beginning with the rst light and continuing until the nal light
and in sequence when placed on the drums that form the merging taper. SEQs should be visible
on a clear night from a distance of 3,800

The numbenf SEQs deployed on a project depends on the PSL and the number and spacing
of channelizing devices. The number of lights used in the drum taper must equal the number of
drums used in the taper.

If only one or two units are knocked out or not working, the ashing sequence should
continue. If more than three units are not working, all lights should be automatically turned off.
Nonsequential ashing is prohibited.

The SEQ must be deactivated when lane closures are not in effect.

One potential drawback is that a small percentage of drivers became more aggressive when
overtaking at the taper because the taper becomes more visible.

2.4.7 Design Features and Requir  ements

The SEQ must comply with the 2009 MUTCD, as de ned in Section 6F.63, Channelizing
Devices, and Section 6F.83, Warning Lights. Section 6F.83 further states that “each ashing
warning light in the sequence shall be ashed at a rate of not less than 55 or more than 75 times
per minute.”

CDOT speci es “the size of each lens to be ih diameter, each lamp to have a low output
steady Type C backlight to aid direction indication, utilize intelligent wireless communications
andbe certi ed as crashworthy Category 1.”

2.4.8 State of the Practice

At the time this guidebook was written, Missouri and North Carolina were the only states
actively pursuing the use of SEQs in work zones.

The Oklahoma Department of Transportation (OKDOT) deployed SEQ as part of the
AASHTO Innovation Initiative in 2011; however, its program ended in 2012 and at the time
this guidebook was written, OKDOT was no longer deploying SEQ.

2.4.8.1 Missouri

The AASHTO Innovation Initiative identi ed MoDOT as one of the lead states for experi
mental deployments. Since then, MoDOT has expanded its program and, at the time this
guidebook was written, has used SEQ on more than 100 projects. MoDOT developed guidance
for using SEQ in its Engineering Policy Guide (Section 616.6.83), whichZEiglislows.

2.4.8.2 North Carolina
The NCDOTused SEQ on the following two projects in Forsyth and Davie Counties:

[-0911A (Widen I-40 from Harper Road in Forsyth County to NC 801 in Davie County).
[-5823 (I-40 pavement rehabilitation from US 601 in Davie County to Iredell County line).

2.49 Cost
Typical cost for SEQ is $150 per each light.
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Figure 2.12. MoDOT SEQ guidance (Credit: MoDOT).
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2.4.10 Resources and Refer ences

Finley, M.D., G.L. Ulman, and CL. Dudek. Sequential Warning-Light System for Work-Zone Lane Closures.
Transportation Research Record: Journal of the Transportation Research Board, No. 1745, 2001, pp. 39—45.

Highways Agency. Evaluation of Sequential Flashing Cone Lamps. Trial Team: First Annual Report, Department
of Transport, London, 2005.

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

Rea, MS., JD. Bullough, LC. Radetsky, NP.Skinner, and A. Bierman. “Toward the Development of Standards
for Yellow Flashing Lights Used in Work Zones,” Lighting Research & Technology, 50: 552-570, The Society
of Light and Lighting, 2018.

Sun, C., P. Edara, Y. Hou, and A. Robertson. Evaluation of Sequential Warning Lights in Nighttime Work Zone
TapersUniversity of Missouri—Columbia. 2011.

2.5 Automated Flagger Assistance Devices
2.5.1 Description

Automated agger assistance devices (AFADs) are TCDs that enable aggers to be positioned
out of the lane of traf ¢ and that are used to direct traf ¢ at lane closures on two-lane, two-way
roadways. The 2009 MUTCD includes two basic types of AFADs: (1) a remotely controlled
STOP/SLOW sign mounted on a trailer or moveable cart and (2) a remotely controlled red/yellow
lens with a mechanically gated arm (FigufeS).

2.5.2 When to Use

AFADs are only to be used where there is only one lane of approaching traf c in the direc-
tion to be controlled. Most states permit use of AFADs during daytime or nighttime operations;
however, if used at night, the AFADs should be illuminated in accordance with the 2009
MUTCD (Section 6E.08).

AFADs are typically used for short-term or intermediate-term lane or road closures, such
as bridge maintenance, haul road crossings, guardrail repair, and pavement patching, when a
agger would normally be used. Their use is discouraged during long-term closures.

DOTs have successfully implemented AFADs on roads with a wide range of average daily
traf ¢ (ADT) counts. Although the 2009 MUTCD does not provide any limitations in this area,
some states have established supplementary guidelines. For example, VDOT allows AFADs
in temporary lane closures on two-way roads when the ADT is below 12,000 vpd, whereas
Minnesota restricts the use of AFADs to roads with less than 1,500 ADT.

Figure 2.13. Examples of STOP/SLOW (left) and red/yellow ( right) AFADs (Credit: FHWA).
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2.5.3 Benets

The primary bene t of AFADs is to enhance the safety of aggers while also maintaining
positive control of traf c approaching the work zone.

2.5.4 Expected Effectiveness

State evaluations have generally found drivers understand the red/yellow lens version
better than the stop/slow version. According to a Virginia study, drivers were confused when
the STOP/SLOW version was accompanied by signs reading WAIT ON STOP and GO ON
SLOW. Many drivers interpreted them to mean they should pause at the STOP sign before
proceeding slowly, rather than wait until the sign changed to SLOW before moving (Cottrell
2006). There were signi cantly more violations of the STOP/SLOW version in Texas than of
the red/yellow lens version, although STOP/SLOW violations dropped to levels similar to the
red/yellow lens when a mechanical gate arm was added to the device (Finley 2013). Surveys of
work zone crews in Maine, Missouri, and Virginia have found enthusiastic approval of AFADs
(ATSSA 2012).

2.5.5 Crash Modi cation Factor
No CMF is available for this strategy.

2.5.6 Implementation Considerations

While AFADs are a method of improving the safety of agging operations, they do not
eliminate the need for trained aggers. AFAD operators must be certi ed aggers trained on
operating the device correctly; the operator must be able to manually control the lane closure in
the event an AFAD malfunctions.

It is preferable to place the AFAD within the shoulder of the road; however, if the shoulder is
not adequate, the AFAD is permitted to encroach on the travel lane, provided the appropriate
sight distance is available. If this is the case, the gate arm must not extend into the adjacent lane.

Most states limit the distance between agging stations to 800 ft, although some (e.qg.,
Minnesota) permit their use in 1,000-ft work zones if each device has its own operator.

On work zones with a long activity area, intermediate regulators need to know the direction
of traf ¢ ow, especially for traf ¢ on side roads.

2.5.7 Design Features and Requir  ements

All AFAD applications must abide by the speci c standards set forth in the MUTCD
(Section 6E.04). Section 6E.05 provides detailed speci cations for STOP/SLOW AFADs; similarly,
Section 6E.06 lists detailed speci cations for red/yellow AFADS. In accordan®OMEP
Report 350: Recommended Procedures for the Safety Performance Evaluation of Highway Features
(Ross, Sicking, and Zimmer 1993) and the AASHTO Manual for Assessing Safety Hardware,
AFADs must satisfy applicable crashworthiness standards based on device weight.

There are two methods for using AFADs in a work zone. The rst method employs an AFAD
at each end of the work zone; the second method employs an AFAD at one end and a agger
at the other end. Two separate aggers are commonly used to operate in either method;
however, a single agger may remotely control two agging stations, provided that the agger
has a clear view of each station and of approaching traf ¢ in both directions. In accordance with
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Figure 2.14. Missouri AFAD with changeable message sign (Credit: University
of Missouri).

the 2009 MUTCD and crashworthiness standards, advanced warning signs must alert traf ¢ in
both directions of an impending stop. When not in use, AFADs need to be removed from the
clear zone and advanced warning signs covered.

When an AFAD is used, the advance warning signing should include a ROAD WORK AHEAD
(W20-1) sign, a ONE LANE ROAD (W20-4) sign, and a BE PREPARED TO STOP (W3-4) sign.

2.5.8 State of the Practice

Currently, 11 states have standards for using AFADs: Alabama, Florida, lllinois, Kansas,
Minnesota, North Carolina, Ohio, Oregon, Virginia, Washington, and Wisconsin.

MoDOT developed a new AFAD system that uses STOP/SLOW paddles and ashing
red/yellow lights (Brown etl. 2018). In addition, a changeable message sign (CMS) was installed
to display a series of four messages. As Figidshows, the CMS alternated between an
image of a STOP sign and the word STOP every 2 seconds during the stopped interval. The
CMS alternated between an image of SLOW and the words GO ON SLOW every 2 seconds
during the GO interval. The AFAD was built onto a truck-mounted attenuator (TMA) unit.

The truck integration obviates the need to tow and deploy trailer-mounted AFADs.

2.5.9 Cost

The average cost for AFADs ranges between $25,000 and $30,000, excluding agger costs
Rental prices vary between $3,000 and $3,500 per month, but these rates vary by geographic
location, season, and number of units rented.

2.5.10 Resources and Refer ences

Brown, H., C. Sun, S. Zhang, and Z. Qing. Evaluation of Automated Flagger Assistance Devices. Missouri Depar
ment of Transportation. February 2018.
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Cottrell B.H., Jr Evaluation of the AutoFlagger in Virginia, Report Number VTRC 07-R12, Virginia Trans
portation Research Council, Charlottesville, Virginia, 2006.
Finley, M. Field Evaluation of Automated Flagger Assistance Devices in Work Zones on Two-Lane Roads.
Transportation Research Record: Journal of the Transportation Research Board, No. 2337, 2013, pp. 1-8.
Finley, M., B. Ulliman, N. Trout, and E. Park. Studies to Determine the Effectiveness of Automated Flagger
Assistance Devices and School Crossing Devices. Report No. FHWA/TX-12/0-6407-1. Texas Department
of Trangortation, 2012.

Guidance on the Use of Automated Flagger Assistance Devices, ATSSA (American Traf c Safety Service Asso
ciation), 2012.

Manual for Assessing Safety Hardware, 2nd ed. AASHTO, Washington, D.C., 2016. [MASH16]

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

MoDOT. Evaluation of Automatic Flagger Assistance Devices, Missouri Department of Transportation Orga-
nizational Results Division, 2008.

MoDOT. Lane Closure on Two-Lane Highways Using Automated Flagger Assistance Devices (AFAD) with Red and
Amber Signal System, Missouri Department of Transportation, 2012.

Odell, W. Automated Flagger Assistance Devices (AFADs): Saving Lives. Presented at 92nd Annual Meeting of
the Transportation Research Board, Washington, D.C., 2013.

Ross, HE., Jr, D.L. Scking, and RA. Zimmer. NCHRP Report 350: Recommended Procedures for the Safety
Performance Evaluation of Highway Features. TRB, National Research Council, Washington, D.C., 1993.

2.6 Work Zone Intrusion Alarm
2.6.1 Description

A work zone intrusion alarm (WZIA) is equipment that provides highway workers with
additional warning of unauthorized vehicles and errant motorists that enter a work zone. WZIA
uses vehicle-detection technology and audible, visual, or tactile alarms to alert workers to
intrusions while giving them enough reaction time to move away from the hazardous location.

The rst WZIAs were developed under the Strategic Highway Research Program and used
microwave, infrared, and pneumatic tubes for vehicle detection. Most previous WZIAs have
been decommissioned for several reasons, including low demand (small market), persistent
false alarms, high cost, dif culty to deploy, and limited range of alarm. Since the development
of these rst-generation WZIAs, manufactures have used other technologies to develop other
similar devices. The COTS WZIAs, available at the time of this writing, are described here and
shown in Figure.15.

Worker Alert System (WAS), by Astro Optics, LLC, is a pneumatic microwave-based system
with an auditory, visual, and haptic alarm that is wirelessly triggered when a vehicle crosses
over a pneumatibose positioned in a work zone. The audio alarm is 80 dB at 50 ft.
SonoBlaster, by Transpo Industries, is a kinematic system comprising of a disposable carbon
dioxide (CQ) cartridge and an alarm unit. When the GOgartridge is punctured, the escaping

gas produces sounds through an air-pressure horn. The device can be mounted on traf ¢
cones, drums, delineators, and other barricades. The audio alarm is 90 dB at 50 ft.
Intellicone, by Highway Resource Solutions (United Kingdom), is a lamp-integrated motion
sensor attached to a traf ¢ cone that can detect being hit by a vehicle and when vehicles cross
between cones. When triggered, the unit signals a visual and a three-tone audio alarm.
Intellicone also wirelessly sends an alert to a web portal to enable automated online reporting
(communication features are currently unavailable in the United States). The audio alarm is
75 dB at 5@.

2.6.2 When to Use

WZIA should be used primarily where adding a positive protection system such as concrete
barrier is not feasible, worker safety is of particular concern, crash rates upstream of the merge
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Figure 2.15. Commercially available WZIA systems (Credit: Caltrans).

taper are high, and sight distance is limited. A study conducted for Alabama DOT (Mg#vrks et
2017) recommended

Intelliconefor work zones longer thandhy, tapertonger than or equal to 1,5 or both.
WAS for work zones less thaddly, tapershorter than or equal to 1,5&Qor both.

2.6.3 Benets

Intrusion alarms improve safety by allowing workers time to move out of harm’s way from an
errant vehicle, reducing the potential for a work zone vehicular related injury.

2.6.4 Expected Effectiveness

Limited studies have been conducted to evaluate and compare the available WZIA tech-
nologies, as the following describes.

WAS. Gambatese, Lee, and Nnaji (2017) evaluated the effectiveness of WAS, SonoBlaster
and Intellicone on three paving projects oven&gks. The study found the duration of the
WAS alarm to be consistentlyséconds. WAS produced the loudest sound when the alarm
was oriented toward the sound meter. A lag time of no more tls@ednd was observed
between the time the pneumatic tube is pressured and the alarm is triggered. The indistinct
alarm was a concern because it might not alert workers working closely to noisy equipment.
SonoBlaster
— A sudy conducted by Novosel (2014) for the Kansas DOT (KSDOT) found the SonoBlaster
alarm duration to be inconsistent, ranging from 3 tos&bnds. Irrespective of the
orientation, the peak sound level occurred within the rst second of ring and subsequent
sound levels dropped off unevenly. A major concern with the SonoBlaster system was
that in cold weather and after the rst activation, the compressedcagridge can
become cold enough during ring that ice condenses on the cartridge. Novosel found
that accumulated ice between the &@rtridge and the ring pin prevented the system
from working properly. Furthermore, replacing the gfartridge in cold or wet weather
may bring moisture in contact with the nozzle.
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— The study conducted by Gambatese, Lee, and Nnaji (2017) found similar results to the
Novosel study. The SonoBlaster yielded false negatives (i.e., the system triggered but the
alarm did not activate) and produced shorter bursts of sound after it had been used and
the cartridge had been replaced.

— FHWA dissminated SonoBlaster intrusion alarm devices to several states for a demonstra-
tion project (Kuta 2009). The demonstration participants began eld-testing the units in
2008. FHWA synthesized the evaluations (forms, e-mailed comments, or phone calls) into
a demonstration project interim report issued in 2099.The evaluations led to retooling
the device to improve sound, set up, and mounting aspects. FHWA then made the retooled
units available to original and new participants for testing and evaluation.

— The New Jersey Department of Transportation (NJDOT) was one of the state agencies
nationwide to test the SonoBlaster. NJDOT used a retooled version of an earlier unit dis-
tributed by FHWA. Problems with quality control and reliability, combined with the cost
of the alarm, raised doubts about the desirability of and potential bene ts to be gained
from deploying the device on NJDOT maintenance jobs. The NJDOT decision was that
conducting additional test deployments would not substantially change the conclusions.

Intellicone. Gambatese, Lee, and Nnaji (2017) found the sound to be louder when two speakers

were oriented toward the sound meter. The maximum range between a lamp and the alarm

was 250eet, and the alarm duration was consistent ateg@®nds. Similarly, Novosel (2014)

found that even though engine and mechanical noises from construction vehicles in a work

zone were louder than the Intellicone alarms, the sound could be distinguished because of
its high frequency and three tones (Novosel 2014). However, distinguishing the alarm sound
from the inside of a work zone vehicle (a backhoe) at 100 te@0@way was dif cult. The
maximum sound level was around 90 dB ateH? and decreased to around 55 to 60 dB at

400 feet. Workers found the audible alarm on the Intellicone system dif cult to hear because

of its low volume (Novosel 2014).

In addition to the COTS available technologies, some prototype WZIAs were developed and
tested as follows:

Hayden (2013) evaluated the sDrum system effectiveness and deployment. The system
consists of 28 orange traf ¢ drums (called smart drums or sDrums) positioned adjacent

to the orange cones marking the work zone lane closure. When the system detects a speeding
vehicle approaching, the orange lights on top of the drums produce synchronous ashes that
warn the driver to slow down and alert workers of a speeding vehicle. If the vehicle speed
is above a set trigger speed, the system activates a pager system that warns the workers of
the speeding vehicle. A Caltrans research team deployed the pilot systeredis hear

Los Banos with inconclusive results.

Hourdos (2012) developed and tested a low-cost rapidly deployable intelligent drum line
prototype that sends an audible warning to alert motorists traveling at dangerous speeds near
highway work zones. The intelligent drum line system is comprised of two instrumented
work zone drums. The sensor subsystem measures the speed of the oncoming vehicles and
detects the location of the vehicle with respect to each drum. The audible warning system is
comprised of a powerful air horn mounted inside the drum and designed to direct the sound
force mainly toward the roadway; sound is suppressed in all other directions. Researchers
tested the system only under simulated conditions and not in conjunction with actual work
Zone operations.

2.6.5 Crash Modi cation Factor
No CMF is available for this strategy.
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Figure 2.16.

2.6.6 Implementation Considerations

The following guidelines should be considered for using WZIAs (Gambatese, Lee, and
Nnaji 2017):

Sound level. Sound alarms produced by the work zone intrusion alert technology should be
at least 110 dB when the alarm is locateftl ®@ay from workers and above 95 dB when the
alarm is 100t away. Researchers preferred types of sounds, such as a screeching noise or
one emitted by an emergency vehicle siren, that differ from the noises heard during the opera-
tion (e.g., diesel engine noise from equipment, truck backup alarm, passing automobile). In
addition, agencies should avoid short-burst alarms. Alarms that provide longer, continuous
sound improve the possibility of capturing workers’ attention.

Transmission distance. The minimum transmission distance should bédt4@@en the

85th percentile work zone speed isngih. For work zones with historically higher vehicle

travel speed, higher maximum work zone speed limits, and greater expected distances between
workers, the transmission distance can be increased.

Haptic alarms. Any haptic or vibration feature included with the alarm technology should

be mobile, portable, and wearable either on the worker’s arm or on the hard hat. A patterned
vibratory signal lasts for approximatelysktonds andreates a vibration frequency of 150 Hz.

2.6.7 Design Features and Requir  ements

The California Department of Transportation (Caltrans) conducted pilot testing of WAS,
SonoBlaster, and Intellicone systems at its Maintenance Equipment Training Academy testing
facility, which is a controlled environment (closed to live traf c). All tests were conducted in
November2018 Task Number 3038, Evaluation of Work Zone Intrusion Alarms).

Based on the results of operational and range tests conducted, Caltrans developed recom
mended deployment plans for WAS (Fig@r&6) andntellicone (Figure2.17).

Figure2.16 shows recommended and maximum distance between components of the WAS
at which the evaluation trials produced J@0cent successful results. Caltrans recommends a

Caltrans WAS recommended deployment plan (Credit: Caltrans).
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Figure 2.17. Caltrans Intellicone recommended deployment plan (Credit: Caltrans).

maximum distance of 2ZBet between the rst alarm unit and the nearest trip hose. Additional

trip hoses upstream of the rst trip hose are recommended to increase the coverage area in the
work zone. Although Figur2.16 shows three trip hoses, a recommendation on the specic
number of trip hoses is not provided since that would depend on the length of the work zone
and the number of available devices. Instead, a maximumfegéZbetween the trip hoses is
recommended based on discussions and feedback from maintenance workers during supple-
mental testing, as this distance provided effective coverage with minimum gaps for intruding
vehicles to miss a trip hose. Based on this recommendation, the total number of trip hoses
can be calculated given the length of a work zone.

It is also recommended to lay out the trip hoses diagonally at an approximate angle of
between 45 to 7@egrees to improve the coverage area. Multiple alarm units should be placed,
ideally, at the start, middle, and end of the work area, ensuring the maximum distance between
the alarm units does not exceed 175 ft with a clear line of sight. Also, the units should be placed
at least 4 ft above the ground. The speaker on the alarm unit should be oriented toward the
workers during daytime and the light source should be oriented toward the workers during
nighttime operations.

Figure2.17 shows Intellicone lamps on the taper and tangent cones with spacing as required
by the Caltrans standard traf ¢ control plan tables. The maximum distance between the lamps,
between the portable site alarm and the nearest lamp, and between two PSA units must be
at most 100 ft, at which the evaluation trials in this research produceub@ht successful
results. For effective coverage, additional cones with lamps are recommended to be deployed
transverse to the traf ¢ ow, as shown in Fig@d7. Twocones are recommended, with a
maximum spacing of fi. This con guration should be repeated every ftpétarting from the
work area and going upstream in the work zone. It is recommended to deploy as many cones
with lamps as available to increase the coverage area of the system in a work zone. Based on
the work zone speed and spacing between the cones, the number of cones required for a speci ¢
work zone can be calculated. Lamps of all sensitivities except “very high” are recommended
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Figure 2.18.

to be used in the presence of heavy vehicles and speeds exceaging=8% other speeds, the
very highsensitivity lamp should be used.

The Pennsylvania DOT (PennDOT) also developed WZIA standard drawings for use on
conventional highways and on freeways and expressways, as shown & Esgure

2.6.8 State of the Practice

Current literature suggests that work zone intrusion alert systems are not widely used. At the
time this guidebook was written, only Pennsylvania had deployed intrusion alarms in active
work zones. California and Oregon conducted testing in controlled environments (closed to
live traf c) to better understand system deployment, practical implementation, capabilities,
and limitations.

2.6.8.1 Pennsylvania

PennDOT purchased 16 WASs in 2018 and distributed them to districts for an evaluation
that lasted until Jun80, 2019Each PennDOT district was asked to evaluate the system for
at least Inonth. Districts with more than six counties were given an extra intrusion alarm
to allow all counties to use the devices for at least 1 month. By tracking where and when the
devices were used and evaluations by the eld staff, PennDOT intends to issue recommenda-
tions for further purchases.

PennDOT-suggested WAS placement (Credit: PennDOT).
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2.6.8.2 Advanced Warning and Risk Evasion

In addition to the intrusion alarm systems listed previously, Oldcastle Materials reteotly i
duced Advanced Warning and Risk Evasion (AWARE) alert technology. The system relies on
position and orientation sensors and radar to constantly monitor the work zone. AWARE was
piloted during a paving project for the Minnesota Department of Transportation (MnDOT) in
May 2018. Overall, the pilot was successful in illustrating the potential of the AWARE system to
detect vehicle intrusions into workspaces and to warn both intruding motorists and work crews.
The AWARE system is undergoing more eld-testing and is not currently commercially available.

2.6.8.3 Minnesota

MnDOT has developed a concept of operations for a work zone intrusion warning system
to support enhanced work zone safety (MnDOT 2015). The system requirements were derived
from the needs identi ed in the concept of operations and address the functional aspects of
the system. Figuiz19 showa screenshot of the system requirements.

2.6.9 Cost

Caltrans estimated costs for a hypothetical half-mile closure on a two-lane road with 12-ft
wide lanes, PSL of 25 mph (channelizing device spacing of 25 ft in taper and 50 in tangent section
resulting in a total of 63 channelizing devices), and activity area fifesddliows:

WAS. $4,630 assuming the use of 10 personal safety devices, three alarm units, six 33-ft trip
hoses with chargers, and a single handheld remote trigger.

SonoBlaster. $5,670 forug8ts withone CQ cartridge per unit (or unit price of about $90).
Intellicone. $11,100 for G8Rits andtwo PSAs (or unit price of approximately $150 to $200).

Figure 2.19. Minnesota work zone intrusion warning system requirements
(Credit: MnDOT).
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2.7 Moveable Traf c Barrier Systems
2.7.1 Description

Moveable or mobile traf ¢ barrier systems protect workers by isolating short-duration
work zones from live traf c. At the time this guidebook was written, the two tractor trailer—
mounted mobile barrier systems used in the United States are the Balsi Beam developed by
Caltrans and the proprietary Mobile Barrier Trailer (MBT-1) system developed by Mobile
Barriers LLC.

2.7.2 When to Use

Short-term freeway maintenance projects, such as shoulder repair, guardrail replacement,
bridge deck repairs, bridge joint maintenance, median barrier repair, and pavement patching,
that require maintaining high-speed, multilane traf c, are the most common category for
potential moveable barrier use.

The most common method for using moveable barriers is as a shoulder application. During
peak traf ¢ hours, the barrier is on the shoulder protecting equipment, materials, drop-off, and
the like, but does not encroach on traf c lanes. During off-peak hours, adjacent lanes can be
closed and the moveable barrier positioned into the closed lane to provide a larger protected
work area or a work/haul vehicle-access lane.
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Some other work activities warranting moveable barriers are

Pothole lling,

Overnight slab replacement,
Light bulb changes on highways,
Joint seal replacements,

Work required on medians,
Bridge rehabilitation,

Culvert replacements,

Guardrail replacements, and
Pavement distress surveys.

2.7.3 Benets

Moveable barriers allow eld crews to safely and quickly create a work space that is physically
separated from moving traf ¢ and then quickly remove the device from the roadway when the
work activity is completed, restoring normal traf ¢ ow.

For road crews, the mobile barrier protects against work zone intrusions, reduces the vehicles
and equipment otherwise needed on site, and improves lighting and ambient conditions. With
less worker fatigue and fewer delays, crews have reported productivity gains ofpg@ders0

2.7.4 Expected Effectiveness

Moveable traf ¢ barrier systems have reduced mean speeds by smghg@ambatese and
Tymvios 2013).

2.7.5 Crash Modi cation Factor

A CMF is not available for this strategy.

2.7.6 Implementation Considerations
Moveable barrier systems should be considered for use in the following situations:

Time-of-day restrictions for lane closures limit available work time.
Work activity is short term or can be broken into a series of short-term closures.
Exposed work hazards require positive protection.

In addition, with the barrier in place, limited space is available to travel to and from the work-
site on the same side.

2.7.7 Design Features and Requir  ements

2.7.7.1 Balsi Beam

Caltrans developed the tractor trailer—mounted mobile worker protection device Balsi Beam
in 2003 (Mortazavi 2010, Figu2e20). The trailer consists of two telescoping high-strength steel
beams whose width can be extended to as muchfiadJsihg hydraulic power, each beam can
rotateto either side of the roadway (left or right), depending on which side requires protection;
stacking both beams on the same side will create a 3-ft-high wall. The trailer can be extended to
provide a work area up to 30 ft long. The trailer beams act as a rigid obstacle that de ects any
vehicle that attempts to penetrate the work area from the side; a TMA is attached to the rear of
the trailer NCHRP Report 350 Level 2 crash testing was successfully completed in 2003.
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Figure 2.20. Balsi Beam (Credit; Caltrans).

2.7.7.2 MBT-1

Similar to the Balsi Beam, the proprietary MBT-1 barrier consists of a 5-ft-tall smooth steel wall
that protects the work zone from the side, combined with an attenuator at the rear 2E2jore
Adding wall sections can increase the length of the work area frivrio 4D2ft. By swapping
the positions of the semi-tractor and the rear wheels, workers can recon gure the device for
placement on the left or the right side of the road. The system was certi ed as NCHRP Report
350 Test Level 3 and Manual for Assessing Safety Hardware (MASH16) compliant for Test Level-:
and Test Level-3 for use on the National Highway System.

2.7.8 State of the Practice

Mobile barriers are used frequently in California, Florida, Oregon, and Washington.

2.7.9 Cost

The estimated cost of a mobile barrier can be upwards of $300,000 depending on the vehicle
options selected.

2.7.10 Resources and Refer ences

Arico, M.C.,and B. Ravani. Balsi Beam Deployment Support. CA09-0981, AHMCT Research Center, University
of California at Davis. October 30, 2008.

Bligh, RP.,N. M. Shékh, W.L. Menges, and RR. Haug. Portable Concrete Traf c Barrier for Maintenance
Operations, FHWA/TX-05/0-4692-1, Texas A&M Transportation Institute, May 2005.

Burkett, G., V. Her, and 8. Velinsky. Development of New Kinds of Mobile Safety Barriers. CA09-0920, AHMCT
Research Center, University of California at Davis, Feb2832{09.

Gambatese, A., and N.Tymvios. Evaluation of a Mobile Work Zone Barrier System. Oregon State University.
FHWA-OR-RD-14-05. August 2013.

Figure 2.21. MBT-1 (Credit: Mobile Barriers LLC).
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Lohse, C., DA. Bennett, and SA. Velinsky. Temporary Barrier Usage in Work Zones. CA07-0915, AHMCT Research
Center, University of California at Davis, J@0e2007.

Manual for Assessing Safety Hardware, 2nd ed. AASHTO, Washington, D.C., 2016. [MASH16]

Mortazavi, ABalsi Beam: Technology Transfer and Deployment. CA10-1653, California Center for Innovative
Transportation, University of California at Berkeley, 20140.

Potable Positive Protection: A Guide for Short Duration and Short Term Work Zones, American Traf ¢ Safety
Services Association (ATSSA), Septer205.

Price, GC.Cost-Bene t Analysis & Justi cation: Mobile Barriers MBT-1 2Dirve

Ravani, B., J. Wong, P. Fyhrie, and R. Bosler. Scienti ¢ Evaluation of the ArmorGuard Mobile Barrier System.
CA11-1842, AHMCT Research Center, University of California at Davisl 7204 1.

Ross, HE., Jr, D.L. Scking, and RA. Zimmer. NCHRP Report 350: Recommended Procedures for the Safety
Performance Evaluation of Highway Features. TRB, National Research Council, Washington, D.C., 1993.

Theiss, L., and . Bligh. Worker Safety During Operations with Mobile Attenuators, FHWA/TX-13/0-6707-1,
Texas A&M Transportation Institute, May 2013.
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CHAPTER 3

Corridor/Network
Management Strategies

This section includes strategies to optimize traf ¢ ow through the work zone corridor and
adjacent roadways using various traf ¢ operations techniques and technologies. The following
strategies are covered in this section:

Lane merge systems
Reversible lanes
Ramp metering
Truck-lane restrictions

3.1 Lane Merge Systems
3.1.1 Description

Lane merge systems refer to the lane-use instructions that inform motorists of the merge point
location during a lane closure. The two types of lane merge systems are

Early merge(Figure3.1). Enourages drivers to merge into the open lane sooner than they
would with the conventional merge.

Late merge (Figur®.2). Encourages drivers to remain in their lanes until they reach the merge
point at the lane closure taper and then alternate (take turns) moving into the open lane,
which effectively doubles the queue storage capacity. The late-merge strategy is also known
as a zipper merge.

The decision regarding which system to use is based on traf c demand and lane congestion.

3.1.2 When to Use

Early merge is effective on roadways with high traf c volume and lower average speeds,
usually related to congestion. For example, early merge should be used when peak hour traf ¢
demand is between 2,000 and 3,000 vehicles per hour (vph) for a two-to-one lane closure and
between 3,000 and 3,800 for a three-to-two lane closure (Enterprise Pooled Fund Study 2014).

Late merging works best for roadways with lower traf c—between 1,200 and 1,800 vph, with
the most common implementation volume set at 1,500 (Sperry eal. 2009; Grillo, Datta,
and Hartner 2008; Datta, Hartner, and Grillo 2007; MnDOT 2004).

According to the MnDOT Intelligent Work Zone Toolbox (2019 edition), late merge should
be considered in the following situations:

Traf c volumes exceed 1,50fhto sustain a queue that is caused by merging lanes.
Estimated queue lengths may encroach beyond an upstream intersection or interchange
operations.

46
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Figure 3.1. lllustration of early-merge concept (Credit: FHWA).

Figure 3.2. lllustration of late-merge concept (Credit: FHWA).

Speeds and lane occupancy volumes are anticipated to vary unpredictably and cause the

motorist to have trouble identifying the best lane-use practice, such as using both lanes versus
moving into the continuous thru-lane.

Figure3.3 shows a owchart developed by ATSSA (2012) to help DOTs decide when to use
staticmerging strategies (early or late) or a dynamic combination of early and late strategies.

Figure 3.3. Lane-merging decision-making owchart (Credit: ATSSA).
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3.1.3 Benets
The use of an early-merge system provides the following bene ts:

Reduces aggressive driving and unsafe merge maneuvers.

Provides signi cant advanced warning to allow drivers adequate distance to merge.
Gives positive instructions on lane usage.

Improves vehicle throughput slightly.

The use of a late-merge system provides the following bene ts:

Maximizes available storage upstream of work zone for reducing total queue length.
Increases overall vehicle throughput.

Reduces the differential speed between lanes by using both traf c lanes, because both lanes
travel at approximately the same speed.

Reduces aggressive driving and possibly reduces crashes.

3.1.4 Expected Effectiveness

Compared to the early merge, the late-merge strategy has been studied more extensively
with the following results:

Reduction of 3- to 24-minute delays (FHWA 2015)

38.5percent reduction in average travel time for every 10,000 ft of travel per vehicle,
61.3percent increase in average speeyez2ent increase in capacity, andpEscent
reduction in percentage of vehicles merging at taper (Datta, Hartner, and Grillo 2007)
29.8percent increasa work zone capacity (Qin, Noyce, and Chen 2006)

17.8percent increase in vphpl and a @ércent reduction in maximum queue length
(Kang etal. 2006)

30percent to 4@ercent increase in percentage of drivers using the discontinuous lane near
thetaper point during peak congestion times (MnDOT 2004)

35percent reductiorin queue length (MnDOT 2003)

3.1.5 Crash Modi cation Factor
No CMF is available for this strategy.

3.1.6 Implementation Considerations

Agencies can implement early- and late-merging methods in a static (passive) or dynamic
(active) manner.

Static merging systems use static signs to instruct motorists on where to merge. The static
signs may have ashing lights that are activated at certain times of the day3Hgirews
an example of static late merge.

A dynamic lane-merging system (DLMS) is a type of SWZ system that collects real-time
traf c information (e.g., speeds, volume, occupancy) and switches between early and late merge
depending on traf ¢ conditions. An example of dynamic late merge is shown in Bifure

Aspects to consider before DLMS deployment include sign spacing, PCMS messaging, and
public outreach.

Sign spacing needs to be modi ed according to the geometry of the road, the expected queue
length, and the average expected speed of the vehicles. Additionally, drivers’ familiarity with the
roadway and whether entrance or exit ramps are near the merging area needs to be considered.
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Figure 3.4. Static (passive) zipper merge layout (Credit: MNnDOT).
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Figure 3.5. Dynamic late-merge (i.e., zipper merge) system layout (Credit: MNnDOT).
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It is pertinent to ensure that the PCMS is displaying reasonable messages. The PCMS should
be located in advance of the lane closure as determined by the engineer based on estimated
gueue lengths and geometry. An example PCMS display for late merge follows:

PCMS located beyond estimated maximum queue length: STOPPED TRAFFIC AHEAD
(Phase 1), USE BOTH LANES (Phase 2).

Intermediate PCMS located beyond estimated queue length at the time when DLMS
activation will occur: MERGE AHEAD (Phase 1), USE BOTH LANES (Phase 2).

PCMS located at point of merge shall display: MERGE HERE (Phase 1), TAKE TURNS
(Phase 2).

Accomplishing a successful, safe DLMS will require a public outreach campaign to help
motorists understand how to navigate safely through the merge system.

3.1.7 Design Features and Requir  ements

A DLMS typically involves portable traf ¢ sensors that detect real-time traf ¢ characteristics
(speeds, occupancy, etc.), a series of PCMSs to display messages to motorists upstream of the
work zone, and an automated traf ¢ system that stores the data and uses algorithms to turn
the system on and off. When speeds drop below the default speed threshold, a series of PCMSs
are activated, encouraging the motorists to stay in their lanes and take turns to merge at a
designated location, thus improving traf ¢ ow, reducing the queue, and improving overall
safety. Once the congestion dissipates, the PCMSs are deactivated and motorists follow the
early-merge process.

3.1.8 State of the Practice

A DLMS is one of the technology applications promoted by the FHWA’'s SWZ, during
Round 3 of the Every Day Counts (EDC) initiativehe National Work Zone Safety Infor-
mation Clearinghouse website (https://www.workzonesafety.org/swz/) provides resources
including bid speci cations, deployment plans, and case studies. Examples of DLMS deploy-
ments follow.

3.1.8.1 Minnesota

MnDOT rst introduced the zipper merge in the early 2000s and has deployed it on several
projects. The department also created video tutorials and conducted extensive public service
announcements on radio and TV stations, news websites, and highway billboards. MNnDOT uses
both passive (static signs) and active (intelligent work zone) systems to implement the zipper
merge and developed standard layouts (Appendix D1).

3.1.8.2 Kansas

KSDOT implemented a dynamic late lane merge system (i.e., zipper merge) in association
with a bridge deck repair project in Overland Park from dugNovemberl, 2016.

AppendixD2 shows the layout of the system. System performance was evaluated using
the duration of the traf ¢ queues during any given day for the rsw2ks of the project.
During the rst 3weeks of the project, a vehicle queue extended to the furthest sensor-approxi
mately 4.5mi away from the merge point for only 68nutes. For weeks 4—6, that sensor saw

9Information on the FHWA promotion of SWZs is found on the Every Day Counts Initiative: Smarter Work Zones,
Technology Applications: Dynamic Lane Merge web page: https://www.workzonesafety.org/swz/swztechnology-application/
types-of-applications/dynamic-lane-merge/.
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gueues for only 3Binutes, and for weeks 7-9, that location saw queues fomtes. Data
for weeksl0-12 waskewed because of another work zone operation that involved a lane
closure.

To help motorists navigate the system, KSDOT conducted an extensive education effort that
included news releases, interviews, public meetings, a project website, and a video (https://www.
youtube.com/watch?8wgSjstvsPc). The video was used to educate the driving public about the
dynamic late merge and address several of the major criticisms about late merging.

After the zipper merge was started the week 05,)a§16, several local TV stations didistor
that featured elements of the video. Ultimately, the video was viewed almost 200800
between YouTube and Facebook.

3.1.8.3 North Carolina

NCDOT implementedhe dynamic late merge (zipper merge) on an 1-85 work zone in Vance
and Warren Counties just south of the Virginia state line. NCDOT implemented the zipper
merge during the rst week of Octoh2016. Using the zipper merge setup decreased travel time
by 1minute, which equates to an 11-mph increase in mean speed. The greatest improvement
related to implementing the zipper merge was in safety; after implementing zipper merge, fewer
vehicles entered the shoulder to merge.

3.1.8.4 Massachusetts

As part of its I-91 Spring eld Viaduct reconstruction project, the Massachusetts DOT
(MassDOT) implemented a zipper merge system to improve traf ¢ ow and increase safety
where the lanes on 1-91 south dropped from two to one. The DLMS was in effect from
October2016 to Marct2018. At the time this guidebook was written, MassDOT is still eval
uating the effects of the DLMS.

3.1.8.5 Wisconsin

WisDOT implemented its rst dynamic late-merge system as part of the Zoo Interchange
project in 2016. Implementing the zipper merge was preceded by an extensive public campaign
that included developing an instructional fact sheet (AppeD8ixand an instructional video
(https://www.youtube.com/watchBhKZKmS2Ag4).

3.1.8.6 Colorado

The CDOT has developed a standard layout for zipper merge (Appgefdand a public
relations late-merge video (https://www.codot.gov/library/traf c/work-zone-safety-and-work-
zone-traf c-operations/work-zone-traf c-operations-strategies/travel-demand-management/
late-merge-work-zone-traf c-control-strategy/CDOT-Late-Merge-newlLogo.mp4).

3.1.8.7 Michigan
MDOT has deployed zipper merge on several projects:

US-2 bridge over the Escanaba River, Delta County (October—Noveaisr
[-96 concretgoint repairs, Lowell (May—Septemlid14)
[-196 bridgework near Grand Rapids (April-JW@@13)

3.1.9 Cost

The cost to deploy an SWZ such as the dynamic merge system depends on the project duration
and the number of devices used (e.g., message boards, traf c sensors, speed trailers, cameras
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In general, the rental cost is the same for a PCMS or a traf c sensor or camera—approximately
$1,000 per week. For longer-duration projects, the rental costs can be substantially lower.

MnDOT reported the cost estimate, based on 2018 MnDOT rental prices, for an active zipper
merge project using two PCMS and six sensors at $7,000 per week, or $13,000 per month, or
$58,000 per fonths.

3.1.10 Resources and Refer ences
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3.2 Reversible Lanes
3.2.1 Description

A reversible roadway is one in which the direction of traf ¢ ow in one or more lanes or
shoulders is reversed to the opposite direction for some period of time. lIts utility is derived by
taking advantage of the unused capacity of the minor- ow direction to increase capacity in the
major- ow direction, thereby negating the need to construct additional lanes.

3.2.2 When to Use

Reversible lanes are particularly useful in work zones with a directional imbalance in excess of
65percent to 3ercent during weekday peak hours, when the number of lanes is reduced and
the cost to provide additional capacity would be high. The cost of ROW limitations may even
makethe cost of reversible lanes too high to implement.

3.2.3 Benets

The primary bene t of reversible lane operation is reducing congestion during periods of
high and unbalanced directional travel demand. Their utility results from using the reduced
capacity of the minor- ow direction lanes to increase the directional capacity in the major- ow
direction. Another signi cant bene t is the reduction in construction time, which translates
into a lower road-user cost (RUC).

3.2.4 Expected Effectiveness

Most reversible lane systems were developed and managed based primarily on experience,
professional judgment, and empirical observation. Formal analyses of the effects of work zone
reversible lane operations are limited.

A work zone reversible lane system was implemented for 2 months (August—October
2014) on Autobahn A-3 southeast of Frankfurt, Germany, and analysis identi ed almost
400,000 vehicle hours saved compared with a permanent lane reduction in one direction
(Waleczek eal. 2016).

As part of this project (NCHRP 03-111), the effectiveness of reversible lanes was studied at
two work zones in Michigan and at another work zone in Minnesota. The results indicated
that implementing the reversible lane operation improved travel time betweperbeht

and 15percent. Theapacity-reduction factor for reversible lane operation appears to be
0.90 to 1.20 per lane, the latter occurring when the reversible lane operation is within barriers
and not affected by ramps and other merging traf c. The NCHRP Project 03-111 nal report,
which details the ndings of the reversible lane eld evaluations, is published as NCHRP
Web-Only Document 276 and is available on the TRB website. MDOT estimated an RUC
savings of $3@illion at one test site.

The $29illion I-75 Linwood to Pinconning project in Bay County, Michigan, was originally
stheduled in 2012 to takey2as. Instead, MDOT nished reconstructing 32 lane-miles of

[-75 in less than Year usingeversible lanes.

3.2.5 Crash Modi cation Factor

Table3.1 shows the CMF for work zone reversible lanes. Chaptef this document
provides more information on developing WZCMFs.
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Table 3.1. CMFs for work zone reversible lanes.

Crash Crash Severity Facility Volume Range CMF | Standard Error
Type Type (AADT)
All Fatal, serious and All <100000 1029 0.2
minor injury
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3.2.6 Implementation Considerations

The ITE Traf ¢ Engineering Handbook (7th edition) recommends that DOTs examine the
following criteria before implementing reversible lanes:

The traf c congestion problem under investigation should be both periodic and predictable.
The ratio of a major-to-minor traf ¢ count should be at least 2:1, and preferably 3:1.
ROW (or the ability to acquire it) to construct additional lanes should be limited.

Enforcement and incident management are other considerations to control and manage
reversible roadways. Because one primary motivation of reversible lane use is to limit the
overall cross section width of a road, shoulders along many segments are often narrow or
absent. This situation eliminates the ability to use roadside traf c enforcement vehicles. It also
greatly limits the ability of vehicles to make emergency stops and of service vehicles to respond
to incidents.

3.2.7 Design Features and Requir  ements

The design criteria used for reversible lanes, such as turning radii, sight distances, taper
lengths, lanes widths, and so on, are similar to those for conventional highways and should
meet the standards and policies set forth in the 2018 AASHTO Green Book, the 2009 MUTCD,
and applicable state-speci ¢ documents.

Agencies should pay particular attention to the design of the termini transitions, as these areas
confuse drivers the most. Agencies should also consider the control of pedestrian movements
across reversible lanes.

Work zone reversible lane applications are controlled in the following ways:

Lane-use control signals (LUCS) indicate which lanes of a reversible roadway are available
(or not available) for use in a particular direction. LUCS are distinguished by placing special
signal faces over a certain lane or lanes of the roadway and by their distinctive shapes and
symbols. The 2009 MUTCD (Chaptv!) providesstandards and guidance for LUCS use.
Channelizing devices such as drums, tubular markers, cones, and vertical panels can be used
to separate the opposing traf c. Given a typical twice-daily peak period application, using
conventional channelizing devices is labor and time intensive because the devices must be
moved into and out of position at different times of the day.

A more-innovative barrier system, and one that is gaining in popularity, is the move-
able barrier. Moveable barriers have been used on both a permanent basis for roadways and
bridges and a temporary basis within construction zones where unbalanced directional ows
occur. Moveable barriers can be repositioned laterally by using a transfer vehicle that travels
along the barrier. The appearance and performance of moveable concrete barriers are similar
to those of xed concrete barriers and the ends are protected with crash cushions. The 2009
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MUTCD (Figure6H-45) shows a typical application using moveable barriers for a temporary
reversible lane.

A swift gate can also be used in conjunction with the moveable machine barrier. A swift
gate is an automated lane closure system used for repetitive lane closures. This system consist
of tapered gates that pivot from a stored to a deployed position to channel motorists into the
correct traf ¢ con guration. The swift gate can be deployed from a handheld device, saving
time and money and reducing worker exposure.

The 2009 MUTCD guidelines for reversible lane pavement markings require that “each side
of reversible lanes shall consist of a normal broken double yellow line to delineate the edge of
a lane in which the direction of travel is reversed from time to time, such that each of these
markings serves as the center line markings of the roadway during some period” (2009 MUTCD,
Section 3B.03).

The 2009 MUTCD (Section 2B.26) presents the most current standards for design and place-
ment of regulatory signs for reversible roadways. The 2009 MUTCD requires that agencies use
all post-mounted signs only as a supplement to overhead signs or LUCS.

3.2.8 State of the Practice

The following examples demonstrate how state DOTs have used reversible lanes in work
zones.

3.2.8.1 District of Columbia

Rehabilitation of the Whitney Young Memorial Bridge (2019, expected completion 2020).
The Whitney Young Memorial Bridge (also known as the East Capitol Street Bridge) carries
approximately 45,000 vehicles daily over the Anacostia River and Kingman Lake in southeast
Washington, D.C., near RFK Stadium. The north structure of the bridge carries three lanes of
westbound traf ¢, plus a pedestrian sidewalk. The south structure of the bridge carries three
lanes of eastbound traf ¢, plus a pedestrian sidewalk. The bridge was originally constructed in
1955, and repairs were needed to the bridge deck, concrete abutments, and steel-girder system
Construction is accomplished by closing one bridge structure at a time. The project will main-
tain three lanes of traf c by using a reversible middle lane; this allows for two lanes of inbound
traf ¢ during morning peak hour and two lanes of outbound traf ¢ during evening peak hour
traf c. Traf c is separated by drums, which are moved before and after each peak traf ¢ period
(Figure3.6).

Rehabilitation of the Arlington Memorial Bridge (2018, expected completion 2020).
The National Park Service and the FHWA are rehabilitating the Arlington Memorial Bridge,
which connects the Lincoln Memorial Circle with the Arlington National Cemetery near
Washington, D.C. During construction, the six travel lanes that carry about 55,000 vehicles daily
are reduced to three travel lanes. Traf c is being maintained under the reversible lane concept.
The three travel lanes consist of one eastbound lane, one westbound lane, and one reversible
lane (center lane). The reversible lane is reconfigured daily, except weekends and national
legal holidays, to carry eastbound traf ¢ from Z0f. to 9:3@.m. and westbound traf ¢ from
2:30 to 7:0@.m. Traf c in these lanes is controlled by overhead LUCS. Space constraints
preclude physical separation between opposing traf ¢ (Fgije

3.2.8.2 Michigan

MDOT has used a moveable barrier wall to create reversible lanes on several work zone
projects.

US-131 between Iile and 14Mile roads near Rockford, Kent County (2018)he project
involved reducing the four lanes to three lanes and using a reversible lane to accommodate
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Figure 3.6. East Capitol Street Bridge reversible lane concept (Credit: DDOT).

peak hour traf c. The moveable barrier was moved twice daily, which allowed contractors
to maintain two open lanes of travel during peak volumes (two lanes southbound in the
morning and two lanes northbound in the afternoon). The addition of the moveable barrier
allowed construction to be completed within one season as opposed to two seasons, which
resulted in cost savings over the original estimate. In addition, separating construction traf ¢
from the traveling public has improved safety.

Reconstruction of I-75 from Dixie Highway to Hess Road, Saginaw County (2015 and
2016). The busy ve lanes in each direction of I-75 encounter heavy weekend tourist traf c,
so repair work on a 3.8-mi section could easily have brought traf ¢ to a standstill and seriously
affected Michigan’s tourism industry. Using traditional contra ows with temporary concrete

Figure 3.7. Reversible lane operations on Arlington
Memorial Bridge using lane-use control signals
(Credit: Dave Dildine/WTOP).
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barriers to separate directional traf ¢ would mean restricting traf ¢ to a 3/2 pattern through the
duration of the $46 million project. Instead, MDOT used a reversible lane to keep three lanes
open in the peak direction at all times while retaining positive barrier protection between
opposing traf ¢ lanes. The reversible lane provided three lanes north Wednesday through
to Saturday, and three lanes south Sunday through Tuesday &8urgwitching from ioe

con guration to the other took about 30 minutes without the need to stop traf ¢ during

the switchover. The reversible lanes were in operation during the reconstruction of both
the northbound roadbed (May—July 2015) and the southbound roadbed (May—July 2016).
After the project nished in September 2016, MDOT estimated using reversible lanes saved
$30 million in user delay.

[-75 Linwood to Pinconning project in Bay County (2012). This $28lion project was
originally scheduled to takey2ars to cmplete. Instead, MDOT nished repairing and
reconstructing 32 lane-miles of I-75 in less thaedr. Using reversible lanes was one-inno
vation that helped accelerate the construction schedule, which was the key component to the
success of this project. All traf ¢ was switched over to one side of the highway, and a wall of
moveable barrier was deployed to separate the northbound and southbound traf c. The wall
was moved twice each week to keep two lanes open for heavy tourist traf ¢ in one direction
(northbound on Fridays and Saturdays, southbound on Sundays). This helped mitigate the
potential traf ¢ congestion and allowed the contractor full access to one side of the freeway
for better-quality repairs and an accelerated construction schedule.

3.2.8.3 Minnesota

[-94 between Easttif Street in Saint Paul and Hwy 120/Century Avenue in Maplewood,
Minnesota (2017). Construction took place in two phases—westbound pavement in 2016 and

Figure 3.8. |-75 reversible lane setup (Credit: Lindsay Corporation).
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eastbound pavement in 2017. During the 2017 season, a reversible lane using moveable barriers
allowed contractors to maintain four lanes of travel open during peak volumes (four lanes west-
bound in the morning and four lanes eastbound in the afternoon).

3.2.8.4 Maryland

MD-140 Westminster Pike/Baltimore Boulevard Bridge Reconstruction, Maryland
(2015). To avoid excessive traf ¢ backups resulting from lane reduction on the bridge from four
to three, MDSHA used a moveable barrier and signal system to provide a reversible lane. The
zipper barrier extended 0mdi along the middle of the bridge, and the center lane was reversed
from 5:00 to 9:0@.m. and from 3:00 to 7:@0m. During each traf ¢ switch, sometime between
9:00a.m. and 3:0p.m. and again between 7;00n. and 5:0@&.m., only one lane was main
tained in each direction for 30—#%inutes. MDSHA used overhead signals \gisen arrows
and red X lane controls to guide the drivers through the work zone (Bd@)ré he reversible
laneand signals were in place during spring and fall 2015.

3.2.8.5 Wisconsin

In the late fall 2013, WisDOT began construction on the Daniel Hoan Bridge as part of a
larger $27@nillion 1-794 Lake Freeway project. WisDOT determined that the most ef cient way
to retro t the bridge was to close one side completely and move all traf ¢ to the three lanes on
theother side. If WisDOT had used traditional construction barriers to separate the three lanes,
more than 40,000 vpd would have been stuck in a 2/1 traf ¢ pattern for the duration of the job.
To mitigate traf c congestion, WisDOT installed a reversible lane with a moveable median barrier
and a swift gate arm (Figusel0) togive two lanes to the peak traf ¢ direction at all times.

3.2.9 Cost

When using LUCS and channelizing devices to separate tr@ i), costs range from
$300,000 to $500,000. The cost for a moveable machine barrier, without a swift gate, can exceed
$1million (1 mi). Exact costs depend on project duration and length. The cost difference for
moving the moveable machine barrier once a week versus twice a day is minimal, considering
that the only extra resources necessary are fuel and personnel.

Figure 3.9. Reversible lane operations on MD-140 using moveable barrier
(Credit: MDSHA).

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

60 Strategies for Work Zone Transportation Management Plans

Figure 3.10. Reversible lane operations using
moveable barrier and swift gate (Credit: WisDOT).

3.2.10 Resources and Refer ences

CDOT.I-70 Mountain Corridor CSS, I-70 Reversible Lane—Phase Il Feasibility Study, Colorado Department of
Transportation, February 2011.

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

Metropolitan Planning Organization. Reversible-Flow Lane Study, SR 5/US 1/South Dixie Highway, From
SW 40th Street/SR 976/Bird Road to Interstate 95 (1-95), Miami-Dade County, December 3, 2007.

A Policy on Geometric Design of Highways and Streets, 6th ed. AASHTO, Washington, D.C., 2011 [Green Book].

Waleczek, H., J. Geistefeldt, D. Cindric-Middendorf, and G. Riegelhuth. “Traf ¢ Flow at a Freeway Work Zone
with Reversible Median Lan&fansportation Research Procedia, Vol. 15, 2016, pp. 257-266.

Wolshon, B., and A. Pande. Institute of Transportation Engineers, Traf ¢ Engineering Handbook, 7th ed.,
Wiley, 2016.

Wolshon, B., and L. Lambert. NCHRP Synthesis 340: Convertible Roadways and Lanes. Transportation Researc
Board of the National Academies, Washington, D.C., 2004.

3.3 Ramp Metering
3.3.1 Description

“Ramp metering” refers to the traf ¢ signals located on on-ramps to maintain safe and
smooth freeway operations by controlling the entry of vehicles onto the roadway. Ramp metering
has traditionally been viewed as a permanent active freeway management technique used to
mitigate and reduce the effect of recurring congestion. Recently, however, agencies have begur
to use ramp metering on a temporary basis to mitigate the effects of nonrecurring congestion
related to highway construction activities.

The ramp-metering system uses temporary signal heads, wireless radar detectors mounted
on portable trailers for data collection, and temporary signing. F&jlifelllustrates the typical
setupof a work zone ramp-metering system.

3.3.2 When to Use

Agencies should base their decision to deploy a temporary ramp-metering system on whether
local traf ¢ conditions, including anticipated traf ¢ volumes during construction, warrant such
measures. An agency should also consider the following when deciding whether to implement a
temporary ramp-metering system during highway construction:

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

Corridor/Network Management Strategfles

Figure 3.11. Temporary ramp-metering layout (Credit: MnDOT).

Main-line congestion resulting from highway construction activities (i.e., temporary reduc-
tion in main-line capacity resulting from either a lane or a shoulder closure, or reduced lane

width causing traf ¢ backups during peak periods).
Safety issues at merge points and on the main line (i.e., increase in crash risk within the

construction zone related to merging volume con icts).
A temporary increase in volume caused by detoured traf c exceeds the capacity of through lanes.
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For the work zone ramp meter to be effective, the recommendation is that the combined
vehicular volume on the main line and the ramp not exceed 1,600 vphpl (ramp volumes not to
exceed 400-600 vphpl).

3.3.3 Benets
The use of ramp metering provides the following bene ts:

Reduces main-line congestion and overall delay, while increasing mobility through the free-
way network and traf c throughput. Travel times, even when considering time in queue on
the ramp, are generally reduced when ramp metering is implemented.

Improves safety by breaking up vehicle platoons and controlling the rate at which vehicles
enter the main line from the ramp. This allows vehicles to merge smoothly onto the main line
and reduces the need for vehicles on the main line to reduce speed.

Reduces the effect of geometric conditions that cause problems under high-speed or high-
volume ramp conditions and heavy main-line volumes because the ramp speeds are likely to
be lower and there is less disruption from vehicle platoons vying for limited main-line gaps.

3.3.4 Expected Effectiveness

Formal analyses of the effects of work zone ramp-metering operations are limited and, at the
time this guidebook was written, there are only two known studies.

As part of this project (NCHRP 03-111), the effectiveness of ramp metering was studied at
two work zones in Minnesota and Pennsylvania. The nal report for NCHRP Project 03-111,
which details the ndings of the ramp-metering eld evaluations, is published as NCHRP
Web-Only Document 276 and available on the TRB website.

— Fixed-cycle length ramp metering. 8m8ph increase in main-line vehicular speeds.

— Variable cycle length ramp metering. 5.18 mph increase in main-line vehicular speeds.
Ramp speeds. 19gercent decrease in mean speeds amqkdc®nt to 29ercent reduction

in total (main line plus ramp) delay (Edara Sun, and Zhu 2012).

3.3.5 Crash Modi cation Factor

Table3.2 shows the CMF for work zone ramp metering. Chd@eaf this document pro-
vides morenformation on developing WZCMFs.

3.3.6 Implementation Considerations

Key geometric issues that agencies should consider when investigating ramp metering include
inadequate acceleration length, main-line weaving problems caused by closely spaced ramps,
and limited sight distances on a horizontal or crest vertical curve.

Table 3.2. CMFs for work zone ramp metering.

Crash Crash Severity Facility Volume Range CMF | Standard Error
Type Type (AADT )
All Fatal, serious and All <100000 0847 0544
minor injury
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Ramp geometry is often a barrier to implementing ramp metering. Agencies should
ensure the acceleration lane and storage can accommodate queues resulting from a metered
traf ¢ setup.

A public outreach campaign, proactively disseminating information about and clearly com-
municating the bene ts of ramp metering, is suggested to familiarize the public and encourage
their support.

3.3.7 Design Features and Requir  ements

The overall functionality of the temporary ramp-metering system remains unchanged from
that of a permanent deployment. The system uses essential components and equipment,
including the following, to maintain functionality:

Temporary signal heads with either green and red signal heads or green, yellow, and red signal
heads to control the ow of traf c from the ramp onto the main line.

Detectors to measure traf ¢ conditions (speed, occupancy, etc.) on the main line and occupancy
and queue length on the ramp.

Signing at the start of the ramp to warn vehicles of upcoming conditions and near the signal
head to instruct drivers to exit the ramp only on a green signal.

Ramp-metering systems operate under either static, xed timing or variable timing to
dynamically respond to main-line traf ¢ conditions. When operating under xed timing,
the system is activated during a predetermined period (peak hours, special events, etc.) and
meters traf ¢ to the main line at a predetermined rate. When operating on variable timing,
the system uses main-line traf ¢ data to activate only when warranted by main-line occupancy
and speed, and meters traf c at a rate that is also adjusted based on main-line traf ¢ condi-
tions. When and if the ramp becomes congested, the ramp signal can discharge vehicles at a
faster rate, alleviating ramp congestion and preventing vehicles from queuing on the adjacent
roadway.

3.3.8 State of the Practice

Current deployment of ramp meters under peak period work zone conditions is limited to
the following known instances:

MN Route 52 Bridge Deck Replacement Project, Rochester, Minnesotal@ahlly 1,
2016).

[-279 Parkway North Improvement Project, Ohio Township, Allegheny County, Pennsylvania
(April 23—Augus6, 2018).

As part of this project (NCHRP 03-111), the effectiveness of ramp metering was studied at the
previously mentioned locations. The nal report for NCHRP Project 03-111, which details the
ndings of the ramp-metering eld evaluations, is published as NCHRP Web-Only Document
276 and is available on the TRB website.

In addition, Missouri deployed ramp meters at seven work zones in urban Columbia during
off-peak conditions. These two-to-one lane closures were located near ve different ramps on
either 1-70 or US-63 (Edara, Sun, and Zhu 2012).

3.3.9 Cost

The cost for a single ramp meter system, including the temporary traf c signal, the signal
controller, and three traf c detection sensors varies between $50,000 and $75,000.

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

64 Strategies for Work Zone Transportation Management Plans

Figure 3.12.

3.3.10 Resources and Refer ences
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portation. March2011.

Magalotti, M. J Freeway Ramp Management in Pennsylvania, FHWA-PA-2011-005-PIT007. University of
Pittsburgh, Marct81,2011.
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Department of Transportation, December 2013.
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3.4 Truck-Lane Restrictions
3.4.1 Description

Truck-lane restrictions refer to imposing restrictions on truck travel through the work zone
(Figure3.12). This ensures that at least one lane is used only by passenger vehicles. A restrictec
vehicle, however, is allowed to use any lane, including the restricted lane, to pass another vehicle
and to enter and exit the highway. Lane restrictions can be designated on a 24-hour or peak
period-only basis.

Work zone truck-lane restriction (Credit: KLS Engineering).
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3.4.2 When to Use
Conditions most conducive to favorable application of truck-lane restrictions are

Roadways with two or more lanes in each direction.

Interchanges spaced more thamizapartwith low ramp volumes.

Trucks being greater than p@rcent of the total traf ¢ stream and less thamp&fent of
the total truck traf ¢ using the lane to be restricted.

Roadway sections at leashidong.

Higherthan average truck/auto crash pattern.

Truck-lane restrictions should also be considered when traf c is shifted onto patched
shoulders that may result in pavement or other structural de ciencies.

3.4.3 Benets
The use of truck-lane restrictions in work zones provides the following bene ts:

Improves traf c ow and provides a lane free of truck—automobile passenger car inter
action, which reduces the number of lane changes and the passing movements of passenger
vehicles.

Improvessafety by reducing crash potential.

3.4.4 Expected Effectiveness

As part of this project (NCHRP 03-111), the effectiveness of restricting trucks to the left
lane was studied at three work zones in Michigan. The nal report for NCHRP Project 03-111,
which details the ndings of the truck-lane restriction evaluations, is published as NCHRP
Web-Only Document 276 and available on the TRB website.

Truck use of the left lane for all sites combined increased by pa4cgét while decreasing
by 59.36percent inthe right lane.

Overall average truck speeds reduced by approximatgiin 8percent) with the truck-lane
restrictions.

3.4.5 Crash Modi cation Factor
Table3.3 shows the CMF for work zone truck-lane restrictions. Chaptef this document
provides more informatiolon developing WZCMFs.

3.4.6 Implementation Considerations

Compliance requires routine enforcement by regular traf ¢ patrols; specialized, dedicated
truck enforcement units; or both. A targeted public information campaign should also be
conducted to inform the public and the trucking community about the restriction.

Table 3.3. CMFs for work zone truck-lane restrictions.

Crash Crash Severity Facility Volume Range CMF | Standard Error
Type Type (AADT)
All Fatal, serious and All <100000 0928 0.081
minor injury
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3.4.7 Design Features and Requir  ements

Truck-lane restrictions are typically achieved by using stand-alone static signs (TRUCKS
USE LEFT/RIGHT LANE [2009 MUTCD R4-5]). The static signs may be supplemented
with PCMS.

A modi ed R4-5 sign (from black lettering on white background to black lettering on orange
background) should also be considered if using the regulatory R4-5 sign (black and white)
requires a state law. States can also develop alternative R4-5 signs, as prepared by Texe
(2014 Texas MUTCD, Section 2B.31A). The Texas R4-5 sign series, shown 311Bgisrseant
for use only on freeways.

The number of signs installed and their placement is important to reinforce the restrictions
and ensure trucks follow them. Static signs should be installed on both sides of the roadway.

A minimum of two static signs or a single static sign combined with a PCMS is suggested
in advance of the work zone. The frequency of signs within the work zones will depend on the
length of the work zone, but installing signs in 1-mi increments is typical. Agencies can adjust
sign placement and frequency downstream of any high truck-volume merging-ramp traf c.

3.4.8 State of the Practice

The 84th Texas Legislature in 2015 passed House Bill 3225 giving TxDOT the authority to
restrict large truck traf ¢ to a speci ¢ lane in a work zone that is on the state highway system.
The lane restrictions only apply when signs are installed. This legislation went into effect
September 1, 2015. 1-35 in Waco District became the rst location in the state to act on new
legislation and improve work zone safety by restricting trucks to the left lane.

MDOT used truck-lane restrictions on the following projects:

Reconstruction of 5.6 of I-75 from Dixie Highway to 1-275 to prevent trucks traveling

on the patched shoulders and drain grates. Trucks were restricted to using the left lane
and restrictions were in place during the reconstruction of both the northbound roadbed
(March—October2015) and the southbound roadbed (April-Septen@t6). (Trucks

made up 3@ercent othe traf c composition.)

Reconstruction of a 10-mi section of US-23 within Livingston and Washtenaw Counties
from the west US-23/M-14 (tri-level) interchange (Exit 45) north to the Silver Lake Road
interchange (Exit 55). In Spring 2017, when traf ¢ was shifted to the outside (right) shoulders,
the shoulders began to fail. MDOT initially repaired the areas that failed and started restricting

Figure 3.13. Truck-lane-restriction signing
(Credit: TXDOT).

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

Corridor/Network Management Strategjres

truck use to the left lane to keep trucks off shoulders that were not repaired. Trucks were
restricted to left-lane use in both the northbound and the southbound directions. The project
was not set up originally for trucks to use only the left lane.

In both projects, DOTs used multiple static signs and PCMSs to enforce truck-lane restrictions.

3.4.9 Cost

The cost for a static sign ranges between $500 and $1,000 depending on size. A PCMS costs
approximately $8,000 (or a rental cost of $1,000 per week).

3.4.10 Resources and Refer ences
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CHAPTER 4

Traf ¢ Incident Management
and Enforcement Strategies

This section includes various strategies to manage work zone traf ¢ operations strategies
to provide adequate enforcement of traf ¢ regulations in work zones. The following sections
are covered:

Queue warning systems

Work zone incident management plans

Temporary incident-detection and surveillance systems
Freeway service patrols

Traf ¢ screens (a.k.a. glare screens, a.k.a. gawk screens)
Automated speed enforcement

Police enforcement

4.1 Queue War ning Systems
4.1.1 Description

A QWS is a type of SWZ system that detects downstream stop-and-go traf ¢ and alerts
motorists further upstream of the congestion ahead. These systems are also referred to-as “conges
tion warning systems,” “stopped traf ¢ warning systems,” “real time traf ¢ control systems,”
“traf c merge warning systems,” and “end of queue warning systems” (EQWS).

A QWS is based on algorithms and uses a series of traf ¢ sensors to detect real-time traf ¢
conditions (e.g., vehicle speeds, lane occupancy). When traf ¢ speeds drop below a preset
threshold, the QWS remotely activates PCMSs or warning lights on static signs to display
messages to motorists upstream of the work zone beyond the maximum queue. The QWS is
deactivated when the sensors indicate that the queue has dissipated and speeds are back to tt
preset free- ow speeds. Figutd showshe layout of a typical QWS.

4.1.2 When to Use
A QWS should be considered for use under the following conditions:

Estimated queue lengths vary greatly, day by day and hour by hour, and cairsetd®

or more of additional travel time.

Queue lengths may encroach upstream sooner than a motorist has reasonable expectations
for stopped traf ¢, and the geometrics (terrain) may cause poor visibility for end-of-traf ¢
gueues, shorten motorists’ reaction times, and cause panic stopping.

Vertical grades, horizontal curves, or poor illumination restrict with sight distance.

68
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Figure 4.1. Queue warning system layout (Credit: MnDOT).

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

70 Strategies for Work Zone Transportation Management Plans

Estimated queues initiated on crossroads could cause traf ¢ con icts or delays on the
main-line road, such as backups beyond the length of ramps, through or around turns in
intersections, or other hazardous congestion situations.

The project and queue area has a history of crashes.

4.1.3 Benets
The use of QWS provides the following bene ts:

Reduces primary and secondary crashes by alerting drivers to congested conditions.
Delays the onset of congestion, improving smooth and ef cient traf ¢ ow and trip
reliability.

Provides environmental bene ts through decreased emissions, noise, and fuel consumption.

4.1.4 Expected Effectiveness

WisDOT deployed a QWS in 2017 as part of the 1-43 improvement project in Manitowoc
County. A crash analysis conducted with and without the QWS reportegesicEnt reduction
in queuing-related crashes and g6é8&ent reduction in injury crashes. The QWS reduced queue-
related work zone crash costs byp&&ent. The change in average speeds as drivers reacted to
the rst PCMS varied for each scenario: STOPPED TRAFFIC AHEAD and SLOW TRAFFIC
AHEAD resulted in an increase of 8Bh and a decrease of 4mph, respectively. However,
many variables in uencethese results, including visible brake lights downstream, proximity
to the start of the lane closure, the number of PCMS boards activated and the corresponding
messages, and the location where vehicle speeds were measured.

KSDOT used a QWS in conjunction with the Five-Bridges construction project located
along route 1-235 in Wichita between Spring 2016 and Fall 2017. Although the QWS was
not operating as intended until early June 2016, it operated within speci cation nearly
100percent of the 2017 season. Results included gBfc8nt reduction in total crashes
and 70.1percent reduction in rear-end crashes. Estimated reduced crash cost was $8,700
per day.

TxDOT used a QWS in combination with TRSs to reduce the risk of crashes on the [-35
expansion project and reported the following results:

An 18percent to 4%percent reduction in crashes compared with an estimate of crashes if
the system had not been deployed.

Savings of between $1.4 million and $1.8 million in crash costs (savings of $6,600—$10,000 per
night of deployment).

Figure4.2 showshe QWS deployment plan used on the 1-35 expansion project.

TxDOT also deployed a QWS on IH-610 and US-59 in Houston during the 2008 construction
season and saw aércent to7 percent reduction sudden braking and go&rcent tcb percent
reduction inforced lane changes at these locations (PesdtizQ08).

Thelllinois DOT (IDOT) deployed a QWS on two projects with the following results:

[-70/1-57 interchange in Ef ngham—a lgercent decrease in queuing crashes and an
11 percent reduction in injury crashes, despite g8&ent increase in the number of days
temporary lane closures were implemented during the evaluation.

[-55 from |-70 to IL-140 in southern lllinois—13g&rcent reduction in rear-end crashes
with QWS in place, even with 2pdrcent mordraf c exposure.
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Figure 4.2. Example QWS deployment plan (Credit: TxDOT).

4.1.5 Crash Modi cation Factor

Table4.1 shows the CMF for a work zone QWS. Chéal8egurovides more information on
developing WZCMFs.

4.1.6 Implementation Considerations

There are many different contracting options for including QWS in work zone projects.
Some projects may include the QWS component as a bid item in an overall construction project
and other projects may retain a QWS vendor with a stand-alone contract.
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Table 4.1. CMFs for QWS.

Crash Crash Facility Type Volume CMF Standard
Type Severity Range Error
(AADT)
Nigh 4me All Rural Interstate where queues | 55,000-10,000 0559 0255
were expected
Nigh 4me All Rural Int erstate when queues | 55,000-10,000 0468 0301
were actually present
Nigh 4me All Rural Int erstate when queues | 55,000-10,000 | 0717 (not 0.353
were not actually present signi cant)
N \a R: The CMFs listed were developed through an empirical Bayes analysis using 234 control and 216
treatment nights of lane closures. The sample sizes were small in both expected and actual crashes because
-VZ(EtElV~‘SV—..1VW}¢VZS>VC)91 ~>-V‘1"01—"‘4’—21-VS—Z1CE~"03Vi>Zcx-:‘1->V"—1ZSCE‘1CE”—-’-V’“T:I.
S——7Se1SYZ>SeZ1eS'e¢1>S EO1 1%1E>Se‘'l-"¢" ES*'"—1+SE-+">01 1%182272721

Several IDOT districts have on-call contracts to deploy QWS for shorter-duration work zones,

lasting less than\&eeks, thatnay have queues but do not have a project budget large enough
to support the SWZ deployment.

MDOT notes the importance of calling out speci c pay items (e.g., PCMS, sensors, cameras)
when developing a contract so modi cations to the system can be made throughout the project.

4.1.7 Design Features and Requir  ements

QWSs typically involve three basic components: (1) detection devices (video cameras,
microwave or Doppler radar, infrared, etc.) placed upstream of the work zone to monitor and
measure the speeds of approaching vehicles; (2) a server to receive and analyze the sensor da

in real time and activate a message; and (3) PCMSs located upstream of the work zone to display
a warning message.

When a PCMS detects slow or stopped traf c, it displays a predesigned warning message to
alert the driver of the condition. Example messages posted on PCMSs for different scenarios

are shown in Tablé.2. When the QWS detects no queue, the PCMS displays a more generic
ROAD WORK AHEAD message.

Agencies have also placed portable rumble strips in the travel lanes upstream of the merging
taper to provide tactile, audible, and visual alerts as drivers approach the lane closure.

At a minimum, the QWS must be able to

Detect vehicle speed and volume over a user-de ned interval (ranging frsen@ls up to
10minutes) andsense queuing of traf ¢ in up to ve lanes in one direction simultaneously.

Table 4.2. PCMS messages for QWS.

Scenario Example Me ssage Speed Threshold
Free Flow CAUTION/ 55 mph
ROAD WORK AHEAD
Slow Tra ¢ SLOW TRAFFIC AHEAD/ 40-45 mph
PREPARE TO STOP
Stopped Tra ¢ TRAFFIC STOPPED AHEAD/ 15-25 mph
PREPARE TO STOP
N \ a R: PCMS = portable changeable message sign; QWS = queue warning system.
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Automatically set the PCMS message sequences to re ect the current traf c- ow status to
the nearest minute, update everys@@onds, or update to a customized frequency de ned

by the engineer.

Have default queue level thresholds (normal, slowing, stopped) based on any combination of
vehicle speed, volume, or density based on conditions in the slowest or most congested lane.
Use e-mail or text to alert contractor and agency personnel, including TMC or traf ¢ opera-
tions center (TOC) staff, whenever the default queue level changes from normal to slowing
or stopped.

Figure4.2 provides an example QWS deployment plan and system logic used on the I-35
project in Texas. When preset detector thresholds are met at the rst detector (closest to the
work area), the rst PCMS noti es travelers of slowed or stopped traf ¢ and distance to the
condition. Subsequent PCMSs (farther from the work area) also notify travelers of slowed or
stopped traf ¢ and approximate distance to the condition.

4.1.8 State of the Practice

QWS is one of the technology applications promoted by the FHWA's SWZ, during Round 3
of the FHWA EDC initiative. Many resources, including bid speci cations, deployment plans,
and case studies, are available on the National Work Zone Safety Information Clearinghouse
(https://www.workzonesafety.org/swz/).

Colorado, lllinois, lowa, Michigan, Minnesota, Ohio, Texas, and Wisconsin use QWSs as a
standard practice; thus, these states have mature systems that generate accurate, dependable
results.

As part of the FHWA Accelerated Innovation Deployment grant, WisDOT developed a QWS
decision-support system to help designers and traf c engineers determine if a QWS is needed
for a project. The intent of the system is to identify candidate work zones for QWS early on in
the scoping and TMP phase of the project.

The decision-support system is integrated with the Wisconsin TMP (WisTMP) System.
Maintained by the University of Wisconsin Traf ¢ Operations and Safety Laboratory
(UW-TOPS lab), the WisTMP system is an online program used to create, approve, monitor,
and update TMPs.

The decision-support system integrates data from disparate WisDOT sources, such as the
WIisTMP, traf ¢ volumes, crashes, and the photolog, to provide information on potential queues
and delays, the presence of horizontal and vertical curves, and entrance and exit ramps within
and in the vicinity of work zones. Figuts isan image of the decision-support system.

4.1.9 Cost

The cost to deploy a smart work zone such as the QWS depends on the project duration
and the number of devices (e.g., message boards, traf c sensors, speed trailers, cameras) used.
In general, the rental cost is the same for a PCMS or a traf ¢ sensor or camera: approximately
$1,000 per week. For longer-duration projects, the rental costs can be substantially lower.

Based on 2018 rental prices, MnDOT reported the cost estimate for a QWS project using
2 PCMSs and 6 sensors at $7,000 per week or $13,000 per month or $58 D00 ttes.6

The TXDOT Smart Work Zone Guidelines (2018) reported a cost of $104,160 for a QWS
deployment in 2017 that used 1 PCMS and 4 sensors &ay8( 0.7 percent of total con
struction costs).
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Figure 4.3. QWS decision-support tool (Credit: WisDOT).

Cost estimates for a QWS deployed by WisDOT in 2016 on two separate bridge construction
projects were as follows:

6 PCMSs, 14 sensors for $826 per day (total for 77 $63$502).
16 PCMSs, 22 sensors for $725 per day (total for 202%ia46,450).

4.1.10 Resources and Refer ences

FHWA Every Day Counts (EDC) Initiative: Smarter Work Zones, Technology Applications: Queue Warning
web page. https://www.workzonesafety.org/swz/swztechnology-application/types-of-applications/queue-
warning/.

McCoy, PT., and G. Pesti. Effect of Condition-Responsive, Reduced-Speed-Ahead Messages on Speeds in
Advance of Work Zones on Rural Interstate Highways. Presented at 80th Annual Meeting of the Transporta-
tion Research Board, Washington,2001.

Morris, T., JA. Stiwach, and R5. Michalopoulos. Low-Cost Portable Video-Based Queue Detection for Work-
Zone Safety, Intelligent Transportation Systems Institute, Center for Transportation Studies, University of
Minnesota, CTS Report No. 11-02, Janiz0y1.

Pest, G., P. Wiles, R.. (K.) Cheu, P. Songchitruksa, J. Shelton, and S. Cooner. Traf ¢ Control Strategies for
Congested Freeways and Work Zones, FHWA/TX-08/0-5326-2, Texas Department of Transportation and
FHWA, October 2008.
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Queue Warning Systems in Work Zones: Summary of Uses and Bene ts, ENTERPRISE Transportation Pooled Fund
Study TPF-5 (231), Jur2®14.

TxDOT. Smart Work Zone Guidelines: Design Guidelines for Deployment of Work Zone Intelligent Transportation
Systems (ITS), Texas Department of Transportation, Oc204&.

Ullman, G., and J. Schroeder. Mitigating Work Zone Safety and Mobility Challenges through Intelligent Trans
pottation Systems: Case Studies, FHWA-HOP-14-007, FHWA, U.S. DOT, 2@hdary

Ullman, G.L.,V. Iragavarapu, and E. Bydia. Safety Effects of the Portable End-of-Queue Warning System
Deployments at Texas Work Zones. Transportation Research Record: Journal of the Transportation Research
Board No. 2555, 2016, pp. 46-52.

Ullman, G., J. Schroeder, and D. Gopalakrishna. Use of Technology and Data for Effective Work Zone Management:
Work Zone ITS Implementation Guide, FHWA-HOP-14-008, FHWA, U.S. DOT, J2biry

Wiles, PB.,S.A. Cooner, Y. Rathod, and B. Wallace. Advance Warning of Stopped Traf ¢ on Freeways: Field
Studies of Congestion Warning Signs, FHWA/TX-05/0-4413-2, Texas Department of Transportation and
FHWA, March2005.

4.2 Work Zone Incident Management Plans
4.2.1 Description

A work zone Incident Management Plan (IMP) is one element of the traf c operations
component of the TMP; “IMP” refers to strategies used to help the contractor and the agency
respond appropriately to incidents during construction within a reasonable time frame and
maintain safe traf ¢ ow through the work zone.

4.2.2 When to Use

Long-term, complex reconstruction projects necessitate a comprehensive effort with pro-
cedures and processes to support the project. The complexity of the IMP depends on the
complexity and duration of the project, as well as its effects in the corridor or network. DOTs
require complete IMP documents for signi cant projects.

Short-term projects on lower-volume roads may simply require a meeting or ongoing
coordination with the appropriate local or regional emergency response agencies.

4.2.3 Benets
A work zone IMP provides the following bene ts:

Reduces the amount of time to detect, verify, and respond to an incident.

Decreases time required for appropriate response personnel and equipment to respond to
the scene.

Facilitates management of the response apparatus and personnel on site to minimize the
capacity loss associated with the incident and the response equipment.

Provides travelers upstream of the incident with rapid noti cation, encourages a decrease in

traf c demand entering the incident area, and reduces driver frustration.

4.2.4 Expected Effectiveness

Prompt detection and clearance of traf ¢ incidents in work zones helps reduce secondary
crashes and delay. Preparing a work zone traf ¢ incident management plan and using strategies
that improve detection, veri cation, and response, along with clearance of crashes, mechanical
failures, and other incidents in work zones and on detour routes, can bene t safety and mobility.
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Figure 4.4. Timeline of a typical incident that might be a crash af ~ fecting one or more travel lanes.

Figure4.4 illustrates the timeline of a typical incident that might be a crash affecting one or
more travel lanes. The steps shown represent the typical sequence for most moderate-to-serious
incidents.

4.2.5 Crash Modi cation Factor
No CMF is applicable for this strategy.

4.2.6 Implementation Considerations

As with any project, the minimum requirement is to identify whether a program exists
and determine the role of the contractor in implementing that program. Project staff or the
contractor should also contact appropriate response agencies in the corridor to discuss the
proposed work zone, identify their concerns, and agree to procedures and strategies that will
support traf ¢ incident management. Communication and coordination are essential for any
work zone. On more complex projects, this coordination will become more formalized and
involve more stakeholders. It will also necessitate a greater commitment of time and resources
on the part of the contractor.

For a project with multiple phases, it may be necessary to develop a plan for each project
phase. The procedures and recommended strategies should be documented and distributed to all
response agencies and construction personnel. Budget strategies that require implementation
(e.g., signing, intelligent transportation system devices, traf c management center, service patrol)
should be planned and implemented at the start of the project.
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Regular training and follow-up sessions are necessary to ensure all agencies and construction
personnel are familiar with plan procedures.

4.2.7 Design Features and Requir  ements

Agencies need to ensure that developing an IMP is a collaborative effort with the project
owner and emergency response agencies; the IMP either can be a stand-alone document or
incorporated into the TMP. The following is a standard format for an IMP table of contents:

Project description and map (if an IMP is not incorporated in the TMP).

Emergency contact information. Identi es contact information for contract personnel,
project owners, and emergency response agencies responsible for responding to or desig-
nating response for incidents.

Existing protocols and agreements. Each agency responding to an incident in the project area
has speci c priorities and responsibilities. Some of these roles may overlap, and the priorities
of some agencies may affect the ability of other agencies to perform their duties. Discussing
and documenting these roles and responsibilities during the planning phase of traf c incident
management will minimize the probability of con icts or confusion during an actual incident.
Procedures for communicating during an incident (communication owchart)n the

event of an incident, it is essential that response agencies know how to contact one another to
coordinate and con rm the most effective use of resources.

Incident-level de nitions. Incident levels are de ned by the extent and duration of the
anticipated effect on the roadway. De ning levels will help agencies identify appropriate
actions and responses to the anticipated level of impact. The 2009 MUTCD (Section 61.02,
61.03, and 61.04) divides incidents into three general classes based on duration: (1) major
(' 2 hours), (2) intermediate (3@inutes to Zhours), and (2) minor 0 minutes). Agencies

can use these general criteria for classifying incident levels as a beginning point for-determin
ing appropriate levels of responses.

Incident-detection, response, and clearance strategies. Once the appropriate level of
response is determined for the work zone, the next step is to identify and evaluate candi
date strategies for detecting, responding to, and clearing incidents from the roadway (e.g.,
temporary incident-detection systems, roving courtesy/service patrols, emergency turn
around access).

Identify alternative emergency routes. Choose project-speci ¢ alternate routes and develop
an alternative route map.

Disseminate traveler information. Identify strategies (PCMSs, traf ¢ alerts, websites,
TMC, etc.) to facilitate timely information dissemination about work zone incidents.

4.2.8 State of the Practice
WisDOT has developed templates for IMPs, which are attached as appendices:

AppendixE1l presentene example of a WisDOT IMP.
AppendixE2 presenta second example of a WisDOT IMP.

4.2.9 Cost

Work zone IMP is part of the TMP and therefore has no separate cost associated with it.

4.2.10 Resources and Refer ences

Balke, K. Traf ¢ Incident Management in Construction and Maintenance Work Zones. FHWA-HOP-08-056,
FHWA, U.S. DOT, Janua@009.
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Bremer, W., DA. Noyce, JW. Shaw, MV. Chitturi, and A. Bill. Guidelines for Work Zone Designers—Positive
Protection. DTHF6114H00011, FHWA, U.S. DOT, RG49.

Chatles, P., and R. Higgins. Successful Incident Management on a Major Reconstruction Project, Paci ¢ Motorwe
Project, Queensland Australia, University of Queensland, Australia, No2etber

CDOT. Guidelines for Developing Traf ¢ Incident Management Plans for Work Zones, Colorado Department of
Transportation, 2008.

Dougald, LE., N.J.Goodall, and R. Venkatanarayana. Traf c Incident Management Quick Clearance Guidance
and Implications, FHWA/VTRC 16-R9, FHWA, Virginia Department of Transportation, Fel2Q&8y

Federal Emergency Management Agency. U.S. Fire Administration Traf ¢ Incident Management Systems, FA-330,
April 2008.

FHWA. Intelligent Transportation Systems in Work Zones: A Case Study—Work Zone Traf ¢ and Incident
Management System, Keeping Traf ¢ Moving During Reconstruction of the Big |, a Major Interstate-Interstate
Interchange in Albuquerque, FHWA-OP-04-072, U.S. DOT, J&0&ty

Horowitz, A.J.,and Xia J. Guidebook on Incident Management Planning in Work Zones. University of Wisconsin—
Milwaukee. Septembér 2005.

1-95 Corridor Coalition.Traf ¢ Incident Management (TIM) Best Practices Report, March 2010.

Marquess, A., P. Desai, G. Havinoviski, and C. Heise. Safety Service Patrol Priorities and Best Practices, FHW.
HOP-16-047, FHWA, U.S. DOT, April 2017.

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

Noyes, PB.Mainstreaming Incident Management in Design-Build: The T-REX Experience. Colorado Department
of Transportation, 2001.

Pennsylvania State Transportation Advisory Committee. Traf ¢ Incident Management Final Report, Pennsylvania
Department of Transportation, Februa2914.

4.3 Temporary Incident-Detection
and Surveillance Systems

4.3.1 Description

A temporary incident-detection and surveillance system uses sensors or video to detect
crashes and other incident conditions within a work zone and then communicates that infor-
mation to a local TMC or to emergency response agencies (Bi§)rd he alerts are then
con rmed remotely using live streaming video, photographs, or on-site personnel. Agencies
can use this system to provide responders critical information to help them bring necessary
equipment, identify how best to approach the incident, and take any additional precautions
that might be needed to protect themselves and the public.

4.3.2 When to Use

Temporary incident-detection and surveillance systems should be considered for use under
the following conditions:

Long-term project duration in urban areas.

Presence of a permanent intelligent transportation system (ITS) deployment, a TMC, or both.
High public exposure or traf ¢ delay.

Projects with multiple construction stages or phasing.

Frequent lane or ramp closures expected.

Frequent crash history within the work zone corridor.

Work-zone corridor at or near capacity.

4.3.3 Benets
Temporary incident-detection and surveillance systems provide the following bene ts:

Improving the situational awareness of emergency responders will reduce the time to detect,
respond to, and clear incidents.
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Figure 4.5. Temporary incident-detection and surveillance system layout (Credit: TxDOT).

Provides details about each disabled vehicle or crash site (e.g., size of vehicle, orientation
of vehicle, fuel or cargo spills) so the appropriate response vehicles and equipment can be

deployed effectively.
Reduces the probability of a secondary incident that may have severe consequences.

4.3.4 Expected Effectiveness

No recent studies were found that evaluated the effectiveness of temporary incident-detection
and surveillance systems. However, a 2004 FHWA case study reported that using ITS in work
zones helped reduce incident response time loyi20tes.

4.3.5 Crash Modi cation Factor
No CMF is applicable for this strategy.
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4.3.6 Implementation Considerations

The following aspects should be considered for deployment of temporary incident-detection
and surveillance systems:

Agencies need a reliable means of communication to transmit data, as geography or infra-
structure may limit communication options.

A TMC needs to be in place or established.

An individual is required to monitor video surveillance cameras, usually at a traf c manage-
ment center. As construction phasing progresses, agencies may need to relocate camera:
and communications infrastructure.

The system should be connected to a TMC that can contact the appropriate agencies to
respond to incidents and notify the public.

Personnel with special technical skills are required to keep cameras and communications
systems operational.

The system can be costly to install and maintain during the life of a construction project.

4.3.7 Design Features and Requir  ements
Incident-detection and surveillance systems typically include the following:

Multiple closed circuit television (CCTV) cameras with pan, tilt, and zoom capabilities to
ensure comprehensive coverage of the work zone and the approaches to it. CCTVs will
typically be placed in areas of high risk, such as the approach to a taper or crossover. High-risk
areas can also include locations where the designer anticipates motorists taking evasive or
aggressive action.

Format and frequency requirements for archive data transmission to a TMC.

24/7 system operation hours.

Live alerts to various agencies or a TMC.

Error detection and correction mechanisms.

Automated continuous data-collection systems (if performance measures are needed or
TMCs need situational awareness).

4.3.8 State of the Practice

Colorado, California, Massachusetts, Minnesota, Texas, and Virginia have used temporary
incident-detection and surveillance systems on long-term construction projects.

4.3.8.1 Colorado

The Gap is an 18-mi stretch of I-25 in Colorado, running from south of Castle Rock to
Monument. It is the only four-lane section of I-25, connecting Colorado’s two largest cities—
Denver and Colorado Springs. On average, nearly 80,000 vehicles travel the 1-25 South Gap
corridor daily with delays and crashes a common occurrence. To address safety concerns during
construction, CDOT deployed an on-site TOC that uses cameras, signs, and vehicle-detection
devices to help with incident management. Typically, construction projects feed into the
larger TOCs across the state, but this project is the rst ever in Colorado to have its own
on-site TOC. The TOC is staffed 24/7 to monitor current roadway conditions and quickly
respond, aiming to reduce congestion by suggesting drivers take alternate routes when incidents
occur. Construction on the $3%0illion project, whichis currently the longest construction
zone in the state, began in Fall 2018; project completion is scheduled for 2022. The TOC is
shown in Figurel.6.
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Figure 4.6. 1-25 Gap project operation center
(Credit: CDOT).

4.3.8.2 Work Zone Accident Reduction Deployment System

MnDOT led the launch of the Work Zone Accident Reduction Deployment (WZAR@syst
in January 2012 along eastbound I-94 between TH 15 in Saint Cloud to TH 101 in Rogers, totaling
34 mi. The system was designed so that when a snow plow or maintenance vehicle equipped
with automatic vehicle location (AVL) came within a certain geofenced area, the central system
received a signal to determine whether to disseminate a preprogrammed message. For example,
if an AVL-equipped snow plow was active within a certain area, the system would post SNOW
PLOW AHEAD USE CAUTION on the message signs within that area (Figure

WZARD was designed in response to snow plow operators and maintenance personnel
expressing concern for their safety and that of other road users when plowing or maintenance
was under way. The primary purpose of WZARD was to improve safety for snow, ice, and other
maintenanceperations.

WZARD provided the following bene ts:

Automated geofenced AVL improved traf ¢ safety during snow and ice operations and other
work zone activities by informing vehicle operators of work vehicles ahead.

Figure 4.7. MnDOT WZARD system (Credit: MnDOT).
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Travelers along 1-94 outside of the metro area received crucial traveler information, including
advance warning of work zone activities and traf c incidents.

Planned and currently installed roadside technologies were integrated with automated
systems to streamline traveler information and reduce MnDOT and Minnesota State Patrol
vehicle crashes or con icts on the corridor.

4.3.9 Cost

The cost to deploy an SWZ, such as a temporary incident-detection system, will depend
on project duration and the number of devices (e.g., message boards, traf ¢c sensors, speed
trailers, cameras) used. In general, the rental cost is the same for a PCMS or a traf ¢ sensor or
camera—approximately $1,000 per week. For longer-duration projects, the rental costs can be
substantially lower.

TxDOT Smart Work Zone Guidelines (2018) reported the following costs for temporary
incident-detection and surveillance systems:

$2,395,816 (percent of total construction cost) for 8 PCMSs, 14 sensors, 8 cameras, and
8 trailers deployed for #6onths ( $32,000/month).

$1,574,058 (percent of total construction cost) forPCMSs, 14 sensors, 9 cameras, and

9 trailers deployed for 46 months ( $34,000/month).

$306,616.75 (Rercent of total construction cost) for 3 trailers, 9 sensors, 3 cameras, and
3 PCMSs with modem deployed forr@0nths ( $15,000/month).

4.3.10 Resources and Refer ences

Balke, K. Traf ¢ Incident Management in Construction and Maintenance Work Zones, FHWA-HOP-08-056,
FHWA, U.S. DOT, Januag009.

CDQT Guidelines for Developing Traf ¢ Incident Management Plans for Work Zones, Colorado Department of
Transportation, 2008.

Charles, P, and R. Higgins. Successful Incident Management on a Major Reconstruction Project, Paci ¢ Motorw:
Project, Queensland Australia, University of Queensland, Australia, No2égiber

Dougald, LE., N.J.Goodall, and R. Venkatanarayana Traf ¢ Incident Management Quick Clearance Guidance
and Implications, FHWA/VTRC 16-R9, FHWA, Virginia Department of Transportation, Fel2Q&8y

FEMA.U.S. Fire Administration Traf ¢ Incident Management Systems, FA-32088ril

FHWA. Intelligent Transportation Systems in Work Zones: A Case Study—Work Zone Traf ¢ and Incident
Management System, Keeping Traf ¢ Moving During Reconstruction of the Big |, a Major Interstate-Interstate
Interchange in Albuquerque, FHWA-OP-04-072, U.S. DOT, J&0&ty

Horowitz, A.J.,and Xia J. Guidebook on Incident Management Planning in Work Zones. University of Wisconsin—
Milwaukee. Septembér 2005.

1-95 Corridor Coalition.Traf ¢ Incident Management (TIM) Best Practices Report, March 2010.

Noyes, FB.Mainstreaming Incident Management in Design-Build: The T-REX Experience. Colorado Department
of Transportation, 2001.

Pennsylvania State Transportation Advisory Committee. Traf ¢ Incident Management Final Report, Pennsylvania
Department of Transportation, Februa2014.

TxDOT. Smart Work Zone Guidelines: Design Guidelines for Deployment of Work Zone Intelligent Transportation
Systems (ITS), Texas Department of Transportation, Oc2648

4.4 Freeway Service Patrols
4.4.1 Description

Freeway service patrols (FSPs) use specially equipped vehicles to provide emergency repair
and rapid clearance of stalled or disabled vehicles from the roadway. Vehicles can be positioned
at either strategic locations or rove in the traf c stream.
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4.4.2 When to Use
Towl/freeway service patrols are best suited for use in the following situations:

Long project duration.

High public exposure and traf c volume.

Locations where incidents can create signi cant delays.

Locations where shoulder-width reductions or closures are expected.
Locations with a history of high crashes.

4.4.3 Benets
The use of FSPs provides the following bene ts:

Reduce roadway-clearance time. Decreases the time between the rst recordable awareness
of the incident by a responsible agency and the rst con rmation that all lanes are available
for traf ¢ ow.

Reduce incident-clearance time. Lessens the time between the rst recordable awareness of
the incident by a responsible agency and the time that the last responder has left the scene.
Reduce the number of secondary incidents. Decreases the number of crashes that occur after
the primary crash, either within the original incident scene or within the queue in either
direction, caused by the original incident.

Reduce nonrecurring traf ¢ congestion and improve travel time reliability. Removes
debris, disabled vehicles, and minor crashes from the travel portion of the roadway quickly
and safely.

Improve highway safety for responders and motorists. Provides proper traf ¢ control to
support a safe incident work area for responders and victims.

Provide timely and accurate information to the TMC. Allows staff to activate traveler
information devices and warn motorists when they are approaching an incident or closure;
to prompt systems such as 511, websites, and media; and to alert motorists of the current road
conditions, lane or road closures, diversions, and any delays before their departure.

4.4.4 Expected Effectiveness

An evaluation of the arterial service patrol deployed in Missouri during the 2008 1-64 con-
struction project demonstrated the following summary of ndings (Ryaah. £2010):

A conservative bene t—cost ratio was 8.3:1.
183 secondary crashes were prevented per year.
$1,034,000 in annual congestion cost was saved.

4.4.5 Crash Modi cation Factor
No CMF is applicable for this strategy.

4.4.6 Implementation Considerations

Clear communication between the TMC and the tow/freeway service patrollers is essential.
In addition, both entities need to understand the other’s job functions and needs. The patrollers
are often the agency representative on the scene in the incident-command setting and relay
the requests for agency resources from the incident commander to the TMC, as well as any
information pertinent to the event. Relationships among different incident management stake-
holders are vital to the success of FSPs as a traf ¢ incident management tool. The most effective
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programs involve close relationships between law enforcement and FSP personnel, who trust
and depend on each other.

When implementing contracts for towing services, a DOT needs to consider the level of
service required of the contractor and the ensuing liability involved. The services permitted
may differ from region to region, depending on laws and regulations in a given state. Some
programs will not allow a private contractor to move vehicles from the roadway. Others, such
as PennDOQOT, allow the contractor to remove disabled vehicles or minor incidents from travel
lanes, but also require the contractor to carry additional liability insurance to cover any claims.
Allowing the contractor some indemni cation has proved bene cial in allowing contracted FSPs
to clear incidents from travel lanes.

For example, the State of Florida allows the Florida Road Rangers some exceptions to liabilities,
as the Rangers are private contractors acting as an agent of the state while moving incidents,
disabled vehicles, or debris from travel lanes. Florida passed legislation, Statute 316.061(3),
identifying the contracted FSP operator as an “authorized agent of the department.” This
allows patrollers to remove damaged or disabled vehicles from the roadway without being
considered at fault for any additional damage that occurs to the disabled vehicle. With this
additional protection in place, the contract service patrol providers are less hesitant to remove
obstructions from the travel lanes, and they are able to operate as an agency-operated patrol would.

Training is paramount for the patrollers and may require National Incident Management
training.

Other factors to consider when implementing tow/freeway service patrols include the
following:

Hours of operation.

Patrol route selection based on historical incident statistics.

Available personnel.

Number of vehicles.

Requirements for the types of vehicles to deploy.

Equipment needed on the vehicles.

Tools and equipment needed to perform the FSP support functions safely and effectively.

4.4.7 Design Features and Requir  ements

Towing patrols for work zones are mostly contracted services to remove disabled vehicles
from the roadway and maintain operational safety. Contracted service patrols provide speci c
services, as identi ed in their contract scope of work, for a speci c number of years and with
requirements for route coverage. Their contracts may also include numbers of staff and vehicles.
The contracted services option can be bene cial if implemented correctly and a clear, well-written
contract and scope of services have been developed and executed (e.g., decreased maximut
response time following reports of an incident, improved incident-clearance time requirements).

Depending on jurisdiction, tow/freeway service patrol activities range from providing basic
support for stalled motorists to assisting in removing vehicles involved in major incidents to
incident-coordination activities. The types of services offered include the following:

Moving disabled vehicles from work zones.

Providing fuel.

Providing water to persons being assisted or for overheated vehicles.

Changing at tires.

Providing mechanical assistance such as jump starts, minor mechanical repairs, and tire
in ation.
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Assisting stranded motorists with cell phone service or providing a safe place they can wait if
their vehicle is disabled.

Arranging for towing by calling on behalf of the motorist.

Acting as the agency’s representative in the incident-command structure.

Requesting emergency services.

Providing information and updates to the TMC.

Assisting other responding agencies such as law enforcement, re and rescue, emergency
medical services, and other response agencies, as needed.

4.4.8 State of the Practice

The following provides examples of FSP exclusively used on construction projects.

4.4.8.1 Oklahoma GO-DOT Program

At the time this guidebook was written, OKDOT is pilot testing a new program focused on
keeping highway work zones clear of stranded or wrecked vehicles to prevent traf ¢ delays.
The pilot program, called GO-DOT, relied on the services of two specially equipped 2017 Ford
F-450 44 crew cab medium-duty highway rescue trucks. This program is designed to quickly
move stranded vehicles out of the busy work zone to the nearest safe location and was made
possible by the FHWA as part of the nearly 8Bon federally funded [-235 construction
contract between [-44 and North 36th Street in Oklahoma City.

The two 2017 Ford F-450 trucks cost more than $400,000 to purchase and out t. The vehicles
are equipped with a wheel lift capable of lifting 3,500 Ibs. and towing vehicles up to 7,800 Ibs.,
such as recreation vehicles and travel trailers, as well as a wheel dolly for removing four-wheel-
drive vehicles without damaging drivetrain components. The vehicle cabs can seat up to four
additional passengers, which enables the crew to help quickly move motorists to a safer location.
GO-DOT will also be equipped to provide basic auto maintenance such as jumping a dead
battery, xing a at tire, or providing a few gallons of fuel for those who ran out of gasoline
inside the work zone.

The trucks are operated by the prime contractor for the 1-235 construction project. When
the project is completed in 2019, OKDOT will take possession of the two vehicles and hire its
own operators.

4.4.8.2 WisDOT Freeway Service Teams

WisDOT, state patrol, and county sheriffs implemented the Freeway Service Team (FST)
program to expedite relocation of disabled and crashed vehicles by FST vehicles, which continu
ously patrol designated segments of Interstate and state highways during designated hours and
through designated work zones. FSTs are frequently used as part of a project’s work zone mitiga-
tion strategy to accomplish the following:

Maintain capacity in work zones and high-volume freeway segments.
Provide assistance free of charge to disabled motorists.

Minimize work zone delay.

Provide scene safety.

Provide traf ¢ control.

Remove debris.

Project design staff work with regional traf ¢ operations to identify and quantify the need
for FSTs for work zone mitigation. The FST expense is paid from the project mitigation budget.
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E-mail requests to the FST program manager for work zone FST are to be made by Oé&cember
of the year before construction. All FST contracts are bid together in a statewide request for bids.

December 15:ST requests due for next construction year.
February: Request for bids issued.
March: Bid selections made for construction season.

The FST is responsible for clearing the highway of automobiles, motorcycles, small trucks,
(vehicles with a gross vehicle weight of 8l880or less), and small nonhazardous debris. The
FST relocates all cleared vehicles to the nearest drop-off location designated by the contract
administrator. When responding to incident scenes, the FST provides assistance with traf c
control as directed by law enforcement.

4.4.8.3 Missouri I-64 Traf c Response Program

Thel-64 Traf c Response program operated while I-64 was closed for reconstruction between
2007 and 2009. The I-64 project involved reconstruction of 10 mi of roadway and 30 bridges
along the corridor under a full road closure. An arterial service patrol was deployed to help
reduce potential mobility effects along adjacent arterial corridors based on anticipated traf ¢
diversions from the 1-64 construction project. The 1-64 Traf ¢ Response Program included
six pickup trucks available on weekdays from &:60 to 9:3(.m. and on weekends from
8:00a.m. t06:30p.m.

Other examplesf FSPs include

Florida Department of Transportation (FDOT) Road Rangers Service Patrol (https://www.
fdot.gov/traf c/roadrangers/about.htm)

Georgia Department of Transportation (GDOT) Highway Emergency Response Operators
(HERGOs, http://www.dot.ga.gov/DS/Travel/HEROS)

MDSHA Coordinated Highway Action Response Team (CHART, https://chart.maryland.
gov/about/incident_management.asp)

Houston TranStar Motorist Assistance Program (MAP, https://www.houstontranstar.org/
about_transtar/callmap.aspx)

4.49 Cost

Costs depend on the number of trucks and operators available, hours of operation, roadway
coverage area, and project duration. Cost estimates from available examples indicate a range
between $250,000 to more than $500,000 for service on the main line only.

The cost for the 1-64 Traf ¢ Response Program that included the affected arterial routes was
estimated at $730,000 per year (Rya.€X010).

4.4.10 Resources and Refer ences

Balke, K. Traf ¢ Incident Management in Construction and Maintenance Work Zones, FHWA-HOP-08-056,
FHWA, U.S. DOT, January 2009.

CDOT. Guidelines for Developing Traf ¢ Incident Management Plans for Work Zones, Colorado Department of
Transportation, 2008.

FEMA.U.S. Fire Administration Traf c Incident Management Systems, FA-30, April 2008.

Marquess, A., P. Desai, G. Havinoviski, and C. Heise. Safety Service Patrol Priorities and Best Practice
FHWA-HOP-16-047, FHWA, U.S. DOT, Ap#017.

Ryan, T., V. Chilukuri, M. Trueblood, and C. Sun. Evaluation of Freeway Motorist Assist Program, FHWA
MO-2009-004, FHWA and Missouri Department of Transportation, Febr2@tQ.
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4.5 Traf c Screens (a.k.a. Glare Screens,
a.k.a. Gawk Scr  eens)

4.5.1 Description

Traf c screens, also known as glare screens and gawk screens, are screens or paddles attached
to the top or back of some types of barriers to reduce headlight glare from opposing traf c.

Traf ¢ screens come in several forms and types of material. There are three general categories
of screen types:

Type I. Continuous screen that is essentially opaque to light from all angles.

Type Il. Continuous screen of an open material that is opaque where the angles are between
0 and 2@legrees frorthe driver’s eye and increasingly transparent beyoni@@@es.

Type lll. Individual elements positioned to block light at angles frdegdees to 2@egrees.
Beyond20degrees visibilitis clear between the elements.

Traf c screens are also used in work zones to block road users’ view of construction activities
that can be distracting. In this context, traf ¢ screens are referred to as “gawk screens.” This
section deals with the use of temporary work zone gawk screens.

4.5.2 When to Use
The following discusses various agencies’ warrants for using traf ¢ screens.

The Arizona DOT (ADOT) Standard Speci cations for Road and Bridge Construction (2008)
states glare screens should be placed in urban construction zones where barriers are being
used to separate opposing lanes of traf ¢, and when a barrier is separating traf ¢ from areas of
construction work longer than 1,5@0

The IDOT Bureau of B&gn and Environment Manual (2016) provides the following list of
applications for glare screen use:

Travel lane is within & of the barrier.

High amount of peripheral ambient light exists.

High volume of truck traf c exists.

Vertical or horizontal alignment of the roadway may create a headlight glare problem.

IDOT encourages using glare screens if the following conditions are present:

Design speed is greater thann®th on an undivided and unlighted highway with median
widths less than 30

Highway segmerns on a divided highway that contains horizontal curves.

Nighttime crashes are unusually frequent.

Unusual transition points produce critical glare angles between traf ¢ traveling in opposite
directions.

Based on a synthesis of national practices, Johnson (2017) developed three conditions for
glare screen use. Meeting one or more of the conditions should lead to an engineering review of
the suspected glare issue, with the intent to determine if glare screens are the appropriate glare
mitigation measure for the location. When more than one of the three conditions are met, this
provides additional justi cation for the use of glare screens.

1. Headlight glare is known to be an issue on the segment of roadway to be reviewed, based
on experience or data available to agency staff.

2. Crash history attributed to glare, or with headlight glare being a contributing factor in the
crash reporting, is higher than average compared with similar highway segments.

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

88 Strategies for Work Zone Transportation Management Plans

3. Three or more of the following characteristics are met:
— Median widths less than 20
— ADT wlumes exceed 20,000.
— Large-than-usual percentage of heavy vehicles present.
— Absence of highway lighting.

45.3 Benets
The use of traf c screens provides the following bene ts:

Reduces distractions to drivers caused by work activities in a work zone.

Improves work zone safety by shielding drivers from oncoming headlight glare.
May improve traf ¢ ow by reducing the distraction of watching work zone activities.
Protects vehicles from any ying debris from the work zone.

4.5.4 Expected Effectiveness

No studies were found that evaluated the safety or mobility effectiveness of traf ¢ screens in
work zones.

45,5 Crash Modi cation Factor
No CMF is applicable for this strategy.

4.5.6 Implementation Considerations

Factors to consider when determining whether to specify use of a screening system include
the following:

Night traf ¢ volumes.

Prevalence of night highway crashes.

Highway geometry (lane/median width, vertical/horizontal curvature, etc.).

Proximity of workers to live traf c.

Extent of work area distractions.

Direction and intensity of roadway lighting and ambient light from adjoining properties.

4.5.7 Design Features and Requir  ements
The design requirements for traf ¢ screens are as follows:

Minimum 24-in. height.

Same length as the concrete barrier on which it will be mounted, without splicing, except
accounting for longitudinal overhang between adjacent concrete barriers.

Mounted with two poles, attached to the mounting plate with the mounting plate drilled
into the top of the concrete barrier.

Secured with a chain and pin, or other approved method, to the mounting pole.

Capable of being securely connected to the adjacent screen section by polyethylene brackets
or similar approved fasteners made of nonmetallic materials.

Capable of expanding without buckling.

Capable of contracting without creating gaps in the screening and while remaining securely
fastened to the adjacent screen.

Faces on both sides of the screen are nished.

Capable of remaining in place from traf ¢ gusts, wind gusts, and other outdoor elements that
may move or displace the screen.
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Without Gawk Screens With Gawk Screens

Figure 4.8. Gawk screens (Credit: WisDOT).

4.5.8 State of the Practice

In March 2018, WisDOT piloted the use of gawk screens along a ¥2-mi stretch of the 1-41
work zone in Winnebago County (Figutes).

The Oregon DOT Traf ¢ Control Plans Design Mari2@lL4) allows the use of work zone
barrier screening systems and sets out speci cations for the screens:

2.5-ft tall, opaque, and purposefully designed as a gawk screen. Designs may include chain link fencing
material (or equivalent roll-type material) and steel vertical posts for support. Fencing material would
either be opaque, or vinyl slats could be inserted into the chain link material to provide the desired visual
screening bene t.

459 Cost

The cost for the 1-41 project in Winnebago County, Wisconsin, was $12 per linear ft
($8 for material and $4 for installation).

4.5.10 Resources and Refer ences

ADOT. Standard Speci cations for Road and Bridge Construction, Arizona Department of Transportation,
2008.

Bremer, W., DA. Noyce, J W. Shaw, M. Chitturi, and A Bill. Guidelines for Work Zone Designers—Positive
Protection, DTHF6114H00011, FHWA, U.S. DOT, RG49.

IDOT. Work Zone Traf ¢ Control, in Bureau of Design and Environment Marhadte55, lllinois Department
of Transportation, June 2016.

Johnson, D. A Synthesis of US Glare Screen Warrants and Design Requirements with Model Warrants and Design
Guide. Master’s Thesis, University of Illinois at Chicago, 2017.

Oregon DOTITraf ¢ Control Plans Design Manual, 9th edition, Oregon Department of Transportation, 2014.

4.6 Automated Speed Enforcement
4.6.1 Description

Automated speed enforcement (ASE) involves using roadside technologies, either xed or
portable, that combine radar and image-capturing capabilities to detect speeding vehicles and
collect digital photographic evidence of the speeding incident. The system captures photos of the
rear of the vehicle and the license plate, embedded with the date, time, location, and recorded
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speed. The agency or entity authorized to issue speeding citations then reviews the images anc
mails a citation to the vehicle’s registered owner.

ASE systems in work zones function similarly to the permanent speed camera installations used
in many jurisdictions to enforce speed limits or red-light violations through automatic citations.

4.6.2 When to Use
ASE systems should be considered in the following circumstances:

There is an active work zone on an expressway or controlled-access highway (speed limit of
45mph orhigher).

Workers are exposed or there are motorist hazards (lane shifts, lane splits, reduced lane
widths, closed shoulders, rough pavement, etc.).

Work zone will remain active over a long period of time.

24-hour speed enforcement is desired.

Law enforcement availability is limited.

4.6.3 Benets
The use of ASE systems in work zones provides the following bene ts:

Increases work zone speed limit compliance, thereby reducing the potential for crashes.
Improves worker safety.

Allows law enforcement of cers to focus on other job duties (when an of cer is not required
to cite a speeding vehicle, as is allowed in Maryland and Pennsylvania).

Eliminates of cers’ exposure to hazardous roadside traf ¢ stops.

4.6.4 Expected Effectiveness

ASE systems have signi cantly reduced the number of drivers exceeding the PSL, the number
of crashes in work zones, and the number of injuries and fatalities related to work zone crashes.

The number of vehicles traveling mph or more above the work zone speed limit has been
shownto decrease by §ercent (MDSHA2019).

Free- ow speed has been found to decrease by 6.8 mph (Avrenli, Benekohal, and Ramezani
2012).

Automobile average speeds have been shown to decrease byniph-8.the median lane
and4.3-7.7mph inthe shoulder lane (Benekohak&t2010).

Truck average speeds have been found to decrease by Bgh-3n7the median lane and
3.9-6.4 mph in the shoulder lane (Benekohal.€2010).

The number of vehicles exceeding mean speed has been shown to decrease by an average
23.7percent (OregoOT 2010).

4.6.5 Crash Modi cation Factor

Table4.3 shows the CMF for ASE. Chapt8rprovides more information on developing
WZCMFs.

4.6.6 Implementation Considerations

To begin using ASE in work zones, a state will rst need to enact legislation that allows its
implementation. States that already have legislation allowing automated enforcement of speeding
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Table 4.3. CMFs for ASE.

Crash Crash Severity Facility Volume CMF | Standard Error
Type Type Range
(AADT)
All Fatal, serious and All Not speci ed 0.83 001 (unadjusted)
minor injury
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or red-light enforcement can provide a basis for a legislative request to allow ASE in work zones.
Information on existing legislation permitting, limiting, or prohibiting the use of speed or
red-light cameras at the state or local level can be found on the GHSA webpage.

Agencies typically involved include the state DOT, state police or local police, the state
department of motor vehicles, and courts. Whether workers need to be present in a work zone
for drivers to receive a speeding ticket depends on state legislation. Advanced signs are necessary
to alert drivers of the PSL and the use of ASE in the work zone.

Once agencies implement ASE for equipment and vehicles in designated work zones,
of cials normally operate the system during a well-publicized mandatory warning period
of several weeks, during which violators receive warnings instead of citations. Currently,
the Maryland SafeZones program issues warningsvfeeRs ahew long-term work zones.
Citations are issued after the 3-week period. For short-term projects, such as paving projects,
there is no warning period; rather, signs are posted to notify drivers that ASE will be in effect
in the work zone.

In summary, agencies need to consider the following factors for ASE use in work zones:

Legislation is required to authorize the use of ASE systems in work zones.

Warning signs need to be placed well before drivers arrive at the work zone to inform them
that an ASE system is in use.

Systems usually need continuous staf ng during deployment.

The vehicle-mounted setup should be placed behind a protected area, preferably behind a
barrier or guiderail, otherwise behind a TCD or on the shoulder.

The grade of the roadway and any other features must not impair visibility of the setup.

ASE systems are not intended to replace other work zone safety operations.

Because each construction project is different, agencies can determine the selection, appli-
cation, and location of ASEs on a project-by-project basis.

4.6.7 Design Features and Requir  ements
The following are the minimum requirements for ASE systems in work zones:

Field equipment for speed detection and image capture can be mobile vehicle units
(occupied or unoccupied) or temporary pole-mounted units. Each unit includes speed-
measurement devices, violation-capturing systems, systems mounts, power supplies, site-
deployment computers, cables, data-upload systems, and all other hardware required to
operate the system as intended.

Ohttps://www.ghsa.org/state-laws/issues/speed%20and%20red%20light%20cameras, accessed May 12, 2020.
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Speed-detection equipment includes radar, laser, or other proven technology that has
International Association of Chiefs of Police approval for speed measurement. Approved
speed-detection equipment needs to have an ongoing maintenance record to ensure it is
calibrated and functioning properly. The speed-detection equipment should be able to
immediately communicate error messages to the operator and record the date and time of
system shutdown in the event of a malfunction or error.

Image-capture equipment must be able to record front and rear images of a vehicle license
plate upon a signal trigger from the speed-detection equipment. The image-capture equip-
ment detection should include supporting hardware and software capable of simultaneously
collecting readable license plate images in various lighting and environmental conditions.
Images should be captured at suf cient resolution to display plate characters and data at
clearly legible quality from both re ective and nonre ective plates.

A program database stores all pertinent program information such as the notice of violation
information, violation imagery, registered vehicle owner’'s number of offenses, notice of viola-
tion mailing date, date of and violator's response, appeal hearing dates for violators, hearing
results, and collections received or outstanding.

Work zone signs are placed well before the ASE operation, clearly indicate that ASE systems
are in use, and specify the lowered speed limit, if any.

Systems for violation administration manage payment processing and customer service.

4.6.8 State of the Practice

4.6.8.1 Pennsylvania

The Pennsylvani@tate Legislature amended Section 102 and Title 75 Pa C.S. 83369, granting
permission for ASE to be used within active work zones in the commonwealth. This act, Senate
Bill 172, was signed into law on October 19, 2018. Drivers exceeding the PRlbpimore
in active work zones will get a warning in the mail for a rst offense and will be ticketed $75
and $150 nes for second and third offenses. ASE violations are considered civil violations;
therefore, no license points are assessed.

ASE began in fall 2019 with full deployment planned for 2020. Pennsylvania will pilot the
ASE system for ¥ears. PennDOT will start with two ASE unitsttdl be moved between
projects statewide. Eventually, the department will have 10 speed cameras for the initiative.
AppendixF provideghe operational process owchart for ASE deployment.

4.6.8.2 Maryland

MDSHA, the Maryland Transportation Authority, and the Maryland State Police began
the Maryland SafeZones in October 2009. The SafeZones pilot program ran from October
2009 through Jun2010, with the long-term SafeZones program beginning on1Ji@Q10
(Transportation Article § 21-810).

SafeZones deploys speed cameras aboard sport-utility vehicles called mobile ASE units. Thes
units can be located within the limits of any work zone on expressways and controlled-access
highways where the speed limit istdph or greater. Images are only captured and used to
issue a citation if a vehicle is exceeding the posted work zone speed limitfity d2more
(Figure4.9). Citations may be issued regardless of whether workers are present in the work zone.
Violatorsmust pay a $40 ne and no license points are assessed.

Maryland has seven mobile ASE units that rotate through a series of predetermined work
zones throughout the state. SafeZones program stakeholders use a variety of factors to deter-
mine camera deployment locations, including roadway and work zone characteristics (such
as facility type), speed limit, TTC activities, and whether traditional in-person enforcement is
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Figure 4.9. Automated
speed enforcement signing
(Credit: MDSHA, http://www.
safezones.maryland.gov).

viable. Drivers can nd out which work zones are using ASE by going online to the Maryland
SafeZones website (http://www.safezones.maryland.gov).

Since 2010, SafeZones has been deployed at 78 enforcement locations in work zones on Inter-
states, national highways, and Maryland state routes. When the program began, approximately
7 out of every 100 drivers in SafeZones were exceeding the speed limiphyoi 2nore. As of
April 2019, fewer than 1 driver of every 100 is receiving a citation, showing a moreprae i85
reduction in the number of vehicles travelingi2h or more above the work zone speed limit
(Figure4.10).

Figure 4.10. MDSHA ASE speeding quarterly report (Credit: MDSHA, http://www.safezones.
maryland.gov).
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Figure 4.11. lllinois ASE van with radar speed
display sign (Credit: IDOT).

4.6.8.3 lllinois

In 2006, Illinois was the rst U.S. state to implement ASE in work zones. The legislation
requires that construction workers be present when ASE is in use. It allows ASE use day or night,
even if the workers are behind temporary concrete barriers. The law also requires special signs
to be posted to inform motorists of ASE in the work zones (Figdg.

ASE began with a pilot program of two vans; as of this writing, ve vans were in use during
the construction season (usually April-October), with deployment limited to freeway work
zones. The vans are staffed by specially trained lllinois State Police of cers. Issuing a speeding
citation is at the discretion of the of cer and is generally limited to clear cases of excessive
speed. The minimum ne was $375 for the rst offense and $1,000 for the second offense;
if the second offense is withiny2arsof the rst offense, the driver’s license is suspended
for 90days.

4.6.8.4 Oregon

The 2007 Oregon legislative assembly passed House Bill 2466, allowing the Oregon DOT to
use photo radar in work zones on non-Interstate state highways. To this effect, the Oregon DOT
conducted a demonstration project to examine the effect of photo radar speed enforcement on
traf ¢ speed through an active highway work zone in 2010.

The 2013 Oregon Legislature passed House Bill 2465 (ORS 81T Hislegislation replaced
House Bill 2466, which expired on Decentiker2014.

ORS 810.441 allows the Oregon DOT to request the Oregon State Police or other law enforce
ment jurisdictions operate photo radar in highway work zones on state highways, including
Interstates.

ORS 810.441 also identi ed criteria surrounding the use of photo radar, including the require-
ment to deploy photo radar within 100 yards of workers or withinya®@s of a con guration
change. Signs announcing the use of photo radar must be posted, as well as the actual speed c

“https://www.oregonlegislature.gov/citizen_engagement/Reports/ODOTPhotoRadarWorkZonePilotReport2015.pdf, accessed
May 12, 2020.
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the vehicle, which must be displayed within 53 the photo radar unit. A uniformed police
of cer in a marked vehicle must be present for a citation to be issued.

In 2018, the Oregon DOT requested the City of Medford Police Department to provide work
zone photo radar on the I-5 Medford Viaduct and Barnett Road Overpass project. Medford
Police Department deployed the work zone photo radar van fiayib Each deployment lasted
for 4 hours. Thdegal speed through the work zone wasgi.

For thisproject, more than 1,058 work zone photo radar violations were captured and
686 speeding citations issued (an average opé&d Rbur). Speeds recorded for the violations
averaged 561ph, with a high speed of @ph. As of this writing, Stage 2 of the I-5 project is
currentlyunder development. This project will use work zone photo radar and perform a formal
speed-comparison study.

The Portland City Council, through City Ordinance #172517, directed the police bureau
to deploy photo radar in highway work zones. The bureau used photo radar to enforce speed
limits at two work zones during 2013 and 2014.

4.6.8.5 Washington

Washington, which authorized legislation in 2007, launched a pilot program in 2008, and
although the legislature extended the pilot program to 2008, WSDOT has not redeployed
ASEbeyond the 2008 pilot.

4.6.9 Cost

ASE costs are estimated at $150,000-$250,000, including system hardware and software costs.

4.6.10 Resources and Refer ences

Avrenli, K.A., R.F. Benekohal, and H. Ramezani. Four-Regime Speed-Flow Relationships for Work Zones with
Police Patrol and Automated Speed Enforcement, University of lllinois, Urbana, 2012.

Benekohal, R=., A. Hajbabaie, L. Medina, M.-H. Wang, and M. ChitturiSpeed Photo-Radar Enforcement
Evaluation in Illinois Work Zones, FHWA-ICT-10-064, Jar&tg.

Boyer, R. Highway Worker Safety: Automated Speed Enforcement, Caltrans Division of Research and Innovation,
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4.7 Police Enforcement
4.7.1 Description

Police enforcement involves police patrols in the work zone under a contractual arrangement
with the agency or contractor. Law enforcement activities can be in the form of stationary patrol
vehicles, a police traf ¢ controller (an of cer does the agging), circulating patrol vehicles,
stationary patrol vehicles with their lights on, and stationary patrol vehicles with radar on.

4.7.2 When to Use

Federal regulations (23 CFR 630, Subpart K) list conditions for which work zone enforcement
may be a valuable addition to the standard traf c controls. These include the following:

Frequent worker presence adjacent to high-speed traf ¢ without positive protection devices.
Traf c control setup or removal that presents signi cant risks to workers and road users.
Complex or very short term changes in traf ¢ patterns with signi cant potential for road-user
confusion or worker risk from traf c exposure.

Night work operations that create substantial traf ¢ safety risks for workers and road users.
Existing traf ¢ conditions and crash histories that indicate a potential for substantial safety
and congestion effects related to the work zone activity, which may be mitigated by improved
driver behavior and awareness of the work zone.

Work zone operations that require brief stoppage of all traf ¢ in one or both directions.
High-speed roadways where unexpected or sudden traf ¢ queuing is anticipated, especially
if the queue forms a considerable distance in advance of the work zone or immediately
adjacent to the work space.

Other worksite conditions in which traf ¢ presents a high risk for workers and road users,
such that the risk may be reduced by improving road-user behavior and awareness.

4.7.3 Benets
The use of police services in work zones provides the following bene ts:

Speed control. Extensive research has shown that the presence of a marked police vehicle is
simply the most effective speed-control measure in work zones.

Enforcement Police enforcement increases motorists’ compliance with work zone regula-
tions and discourages aggressive or careless driving.

Traf c incident and accident management. Work zone of cers can immediately respond to
any incident or accident, thus quickly restoring traf c ow and enhancing the safe operation
of the work zone.

Traf c control. A police of cer commands respect and authority. Thus, the of cer’s presence
facilitates the safe and ef cient movement of traf ¢ through the work zone (e.g., traf c merging
during lane closure).

Increased visibility. The presence of a marked police vehicle in the work zone is an effective
measure to capture the attention of passing motorists, raising their alertness.

4.7.4 Expected Effectiveness

The use of police enforcement for work zone activities has been studied extensively with the
following results:

16percent ta24 percent reductiorin speeding (Gan ef. 2018).
1.7-6.5mph reduction in work zone mean speeds;fefcent to 16ercentreduction in
percentage of traf ¢ exceeding work zone speed limit (Lee, Azaria, and Neely 2014).
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Speed reduction of 3réph for automobiles and 2riiph for trucks (Chen and Tarko 2013).
6.3mph reductionin free- ow speed (Avrenli, Benekohal, and Ramezani 2012).
4-12mph reduction in average speeds for stationary patrol vehicles anthB+8r circu
lating patrol vehicles (Carpenter, Hammond, and Lenzi 2012).

5-7mph reductionin mean speeds (Benekohahket2010Hajbabaie eal. 2011).

1.4mph reduction in average daytime speediph reduction in average nighttime speed,
and17percent reductiotin percentage of vehicles exceeding PSL (Clen28107).

6 mph reductionin average vehicle speeds (Bowie 2003).

17 percent reductions in mean speeds;pgbcent reduction in 85th percentile speeds
(Lindly, Noorjahan, and Hill 2002).

8-11 mph reduction in 85th percentile speeds (MNDOT 1999).

4.7.5 Crash Modi cation Factor

Table4.4 shows the CMF for police enforcement. Chalgsrovides more information on
developing workone CMFs.

4.7.6 Implementation Considerations

Obtaining suf cient police resources for work zone enforcement remains an ongoing concern
in many states and is a limiting factor for many types of work zone enforcement. This issue has
many dimensions, including budget and nance, human resources and labor relations, and
organizational and jurisdictional factors. To a large extent, each agency’s situation is a unique
re ection of its state laws, collective bargaining agreements, and the established degree of
cooperation or competition between state, county, and local law enforcement agencies.

4.7.7 Design Features and Requir  ements

Generally, using law enforcement of cials on a continuing basis is warranted only on freeways
or Interstate roadways where traf ¢c volumes are in excess of 25,000-30,000 annual average daily
traf ¢ (AADT) and lanes are closed in peak periods. Where lane closures are limited to off-peak
periods, a higher AADT (approximately 35,000) is typically considered a minimum threshold
volume to justify law enforcement.

Also, to be effective, the construction work must allow space for law enforcement of cials
to stop violators at the point of infraction. If suf cient shoulder area does not exist, the city
should consider constructing temporary pull-off areas. These guidelines are intended for long-
term contractual law enforcement activities. They are not intended to limit the short-term use
of law enforcement agencies for construction control for lane closures, traf ¢ lane switching,
and the like.

Table 4.4. CMFs for police enforcement.

Crash Crash Severity Facility Volume CMF | Standard Error
Type Type Range
(AADT)

All All Not speci ed | 696 to 124,907| 0.585 Not calculated
NlaRfA1l ‘Z1 1 Sl «eS' —Zel7m —eleSeS1e>"-1 —e'S—81 H"1£"—7Z@[1S—+181>S—e"— 72 ZE+1—2S'YZ1
C—"—"Se1E>S e ,>28727Z—E¢1-"e7281"—1 "E'1ZSE'17<eZ>YSe' T —1>Z2M>70Z—Ze1W1l-"—e¢'1"e1S5e8j1 ZS§’
Y7500 1eSeS1 e 17— > EZ-Z—17 "re0el 725721 —"01SYS'eSceZ1Se17—"Ze'1l@’eZ 1l 12170721 —1e'Z1-"0eZ¢i
E>Se‘l-"+ ESe'"—1SE+">01 1%18——785¢1SY27>8¢721Se¢1>S Ei
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4.7.8 State of the Practice

Most states have policies regarding the use of uniformed off-duty police of cers in high-
way construction work zones. Most frequently, the state DOT funds the program for the law
enforcement agency. Police enforcement programs are often administered through an inter-
agency agreement or memorandum of understanding between the state highway agency and the
state police or state highway patrol.

Arrangements vary widely, however. In some cases, an unwritten policy of interagency
cooperation allows the law enforcement agency to provide on-duty uniformed of cers as
needed. Some highway agencies work with local police agencies in addition to the state police.

4.7.9 Cost

Estimates of the cost of police enforcement range from $150-$250 per of cer per hour.
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CHAPTER 5

Demand-Management Strategies

Demand-management strategies include techniques intended to reduce the volume of
traf ¢ traveling through the work zone. Demand management focuses on helping people
use the infrastructure such as transit, ridesharing, and telework to encourage alternatives to
driving. The following strategies are covered in this section:

Strategies to shift mode of travel
Strategies to shift time of travel

5.1 Strategies to Shift Mode of Travel
5.1.1 Description

The most common demand-management strategies for encouraging alternative mode
choices are

Transit service improvements. Modi es transit schedules or routes, increases in frequency,
or establishes transit service in the corridor.

Transit/rail incentives. Uses employer and traveler incentives such as subsidies and guaran-
teed ride home programs.

Shuttle services. Reduces traf ¢ through a work zone if suf cient users along the corridor
can be anticipated to use the service.

Ridesharing and carpooling incentives. Uses rideshare or carpool incentives to reduce the
number of vehicles traveling through a work zone. Incentives may include setting aside
preferential parking for carpools, adding main-line HOV lanes or bypass lanes on ramps,
and providing vanpool vehicles.

Park-and-Ride promotion. Creates, expands, or promotes (i.e., advertises) park-and-ride
lots to encourage ridesharing or transit use.

5.1.2 When to Use

Work zones that may be appropriate for strategies to shift mode of travel include the
following:

Work zones in densely populated areas that support a variety of transportation choices.
Projects in areas with an employment base large enough for agencies to affect travel demand
by encouraging options such as teleworking, staggered work hours, extime, and compressed
work weeks.

High-volume roadways that involve reducing major capacity or using detours.

Work zones that will be in place for a signi cant time.

Roadways that have high commuter traf ¢ with similar origins and destinations.

100
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5.1.3 Benets

The use of demand-management strategies to shift mode of travel provides the following
bene ts:

Reduces single occupancy—vehicle rates, which in turn reduces congestion, RUC, and
emissions.

Exposes less traf ¢ to hazards related to driving through the work zone.

Decreases workers’ exposure to passing vehicles, thus lowering workers’ risk of being struck.
Reduces emergency vehicle response time to crashes.

Shifts demand to other modes.

5.1.4 Expected Effectiveness

It is dif cult to separate the effectiveness of individual strategies within a demand-management
program, because these strategies are neither mutually exclusive nor cumulative. However,
information from several work zones on which demand-management strategies were used
suggests that traf ¢ volumes decreased.

5.1.5 Crash Modi cation Factor
No CMF is applicable for this strategy.

5.1.6 Implementation Considerations

Several conditions must be in place for the traveling public to consider demand-management
strategies advantageous within work zones:

Alternative commuting options, such as transit, carpooling, vanpooling, bicycling, walking,
and teleworking, must exist and be actively publicized.

Travel times for the alternative commuting modes must be competitive with travel times
for single occupancy vehicles.

Travel alternatives must be convenient and comfortable for users.

The destination must be walkable or otherwise easily accessible from the alternative mode site,
as individuals will be without a vehicle.

Incentives related to using alternative modes may be necessary, particularly those related
to travel cost advantages, such as enticements and subsidies, value pricing, or parking
management programs.

A detailed planning phase is crucial to implementing a successful demand-management plan
for construction projects. Developing a plan requires selecting the most appropriate strategies
and obtaining a commitment from all partners.

Additionally, partnerships with community organizations and businesses are important.
Transit agencies can help determine how best to use transportation facilities and services
during construction and what additional transit services may be needed. Employers near the
work zone can provide traveler information and develop transportation alternatives, such as
transit, vanpooling, exible work hours, and telecommuting.

There are costs associated with speci ¢ demand-management strategies, such as costs for
improving alternative routes or providing alternative transportation modes. Staff resources are
needed to run and manage the program, and project-level staff involved with the construc-
tion project will need to provide project-speci ¢ information to the agency staff running the
demand-management program. Ongoing costs should also include a public outreach campaign.
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Public outreach costs can vary widely depending on the media distribution (e.g., television,
radio, newspaper, website), the intended length of the campaign (or the project), and the
frequency with which messages are disseminated.

5.1.7 Design Features and Requir  ements

One of the rst steps is to identify people willing to try transportation alternatives, which
is achieved through commuter surveys. This approach will ensure that resources are spent on
individuals most likely to change and will verify that all elements of the demand-management
program are captured in one implementation strategy.

Demand-management strategies succeed when combined with complementary strategies.
The decision about which demand-management strategy to use for a speci ¢ project depends
on the target audiences, messages to be communicated, available budget, agency resources ar
expertise with these strategies, multiple employer bases, and other factors.

Not every work zone requires implementing demand-management strategies before construc-
tion begins. Long-term construction projects in densely populated urban areas, which require
lane closures for extended periods, are likely to have a more severe effect on traf ¢ operation,
and, thus, require more comprehensive demand-management strategies (e.g., temporary or
permanent parking facilities; transit, rideshare, and carpool incentives) compared with main-
tenance projects on low-volume roadways or projects in rural areas.

5.1.8 State of the Practice

The following are examples of demand-management strategies used on construction projects.

5.1.8.1 1-395 Express Lanes Project, Virginia (2018—-ongoing)

VDOT introduced a carpool incentive program designed to increase the number of carpools
traveling 1-395. Pool Rewards used a trip-tracking process through Commuter Connections,
the D.C. regional network of transportation authorities, to estimate mileage: participating
commuters provided data, namely trip origin, destination, mode use, and travel distance, in
program applications and trip logs. New carpoolers received up to $130 over 90 days. To further
incentivize carpooling in the 1-395 corridor, from January to April 2018, the Pool Rewards
program offered participants an additional $100 to join a new three-person carpool or add a
third person to a two-person carpool.

5.1.8.2 1-40/1-440 (Fortify 40) Pavement Rehabilitation Project,
Raleigh, North Carolina (2014-2016)

The 1-40/1-440 Fortify 40 rebuild project was an 11-mi freeway pavement-replacement
project in south Raleigh. This section of freeway served between 90,000 and 113,000 vpd and
created recurring congestion in several sections within the project limits.

NCDOT allocated $12 million to the transit improvements that added ve bus routes,
operating only during peak hours (Monday—Friday, 6:00-9:00 a.m. and 3:30-6:30 p.m.). An
evaluation of transit service during construction showed an increase of 433 trips per day during
construction. Overall trip diversion was greater than 15 percent.

5.1.8.3 US-36 Express Lanes Project, Colorado (2012-2016)

The US-3@&Express Lanes Project was a multimodal project led by CDOT and the Denver
Regional Transportation District to reconstruct 16 mi of US-36 between Denver and Boulder.
Project construction began in 2012 and was completed in 2016.
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CDOT developed a construction mitigation plan to encourage travelers to choose sustain-
able travel modes during construction (36 Commuting Solutions, n.d.). Project components
included adding an express high-occupancy toll lane in each direction, road widening, bus rapid
transit accommodations, bus bypass ramps at several interchanges, bridge replacements, and
a regional bike path. The following are program initiatives:

EcoPass Pilot PrograniecoPass provided free annual transit passes for organizations located
within 0.25 mi of three park-and-rides—McCaslin, Broom eld, and Westminster Center.
Employers represented in the US-36 Master EcoPass Pilot Program included DoubleTree
Hotel, Whole Foods, U.S. Bank, Home Depot, Famous Brands International, Panera Bread,
Perkins Restaurant & Bakery, Panda Express, PetSmart, Return Path, and many smaller
organizations. The EcoPass was valid for unlimited rides on all local, express, and regional
transportation services; light rail; and Call-n-Ride service. In addition, EcoPass holders were
eligible for the Guaranteed Ride Home (taxi) program in case of an emergency. The cost of a
regional monthly pass outside of this program was $2,112 per year.

In 2015, 919 employees who worked for 25 employers received EcoPasses. The EcoPasses
were free in 2015, and employers received 70 percent off EcoPass contracts in 2016. The pilot
program enabled employers to pass on the cost savings of a free transit pass, which also helped
with employee retention. Another bene t was to free more parking spaces near employers.
Transit. Solo drivers became eligible to receive a free 10-ride regional ticket book worth $45.
Carpool. Drivers who joined a carpool or started their own were provided a one-time $75
incentive.

Vanpool. Drivers were offered a one-time $75 incentive to subsidize the cost of joining a
new vanpool. The savings were signi cant, especially for Boulder residents or employees
who could combine multiple incentives from different organizations. For example, the
University of Colorado Boulder offered employees a $15 incentive per month to join a van-
pool. The City of Boulder and transportation advocacy organization GO Boulder also offered
a $20 incentive per month to residents or employees who vanpooled.

Estimated results of these initiatives include reducing traf ¢ congestion by almost 27,000 vehicle
miles of travel per day.

5.1.8.4 826/836 Project, Florida (2009—-2016)

FDOT District 6, in partnership with the Miami-Dade Expressway Authority, began a recon-
struction project of the SR-826 (Palmetto Expressway) and SR-836 (Dolphin Expressway)
Interchange. The project began construction in November 2009 and was completed in 2016.
Construction affected 60 percent of all commuters in Miami-Dade County. To assist affected
commuters using the 826/836 interchange, South Florida Commuter Services created an incen-
tive program to motivate commuters to use the following alternative modes of transpottation:

Carpool Incentive Program. Eligibility required carpooling 12 days or more per month.
The monthly incentive was based on the number of individuals in a participating carpool:
$50 each for two carpoolers, $100 each for three carpoolers, and $150 each for four or more
carpoolers. The carpool incentive began in February 2012. Metrorail riders received a monthly
$10 reward card and preferential parking (available on a rst-come, rst-served basis).
Vanpool Incentive Program. Vanpools, made up of 5 to 15 people who commute together

in a passenger van provided by South Florida Vanpools, also quali ed for the incentive
program. The Miami-Dade Metropolitan Planning Organization provided vanpool groups
with a $400 subsidy toward the monthly lease. In addition, the SR 826/836 incentive program

12826/836 Project. South Florida Commuter Services, https://www.commuterservices.com/fdot-unveils-826836-reconstruction-
project-incentive-program/, accessed September 5, 2019.
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provided quali ed vanpool groups with 1 year of subsidies, not to exceed 50 percent of the
monthly vanpool rider charge.

WeCar. Registered commuters also received membership in WeCar, an auto-sharing pro-
gram that allowed commuters to rent a vehicle on a short-term basis. The incentive program
provided 10 hours of free WeCar use and waived the annual registration fee. Initially, three
vehicles were located in Downtown Miami, Civic Center, and Brickell.

Emergency Ride Home Program. Commuters registered in the incentive programs were also
automatically enrolled in the Emergency Ride Home program. In the event of an unexpected
emergency, the program provides free taxi service for registered commuters, 24 hours a day,
7 days a week.

From the time the incentive program began in 2012 until May 2013, 774 participants had
enrolled in the program, which removed 486 automobiles from the daily commute and eliminated
151,146 trips (Udvardy 2013).

5.1.8.5 Alaskan Way Viaduct and Seawall Replacement Project,
Washington (2012-2018)

To keep people and goods moving through King County during construction of the Alaskan
Way Viaduct Program, WSDOT improved bus monitoring equipment, provided demand-
management services, and enhanced transit and water taxi service:

WSDOT funded the King County transit authority to continue 30 peak period trips, which
helped increase combined peak period transit capacity on these routes by 18 percent.

West Seattle Water Taxi provided peak-oriented shuttle service. The water taxi attracted nearly
400 riders and provided more than 4,000 additional seats each day between West Seattle anc
Downtown Seattle.

Transit ridership increased substantially during the project:

The local public transport system was restructured in Fall 2012: the RapidRide C and D bus
lines were introduced, while the free transportation in a section of downtown was phased out,
signi cantly changing service operations in the Seattle area.

Peak period ridership increased in all routes relative to the baseline by 43 percent, exceeding
the system growth rate of 5 percent.

Routes that received WSDOT funding carried on average 2,600 more people daily during the
peak period than during the baseline. The largest change was in response to upgrading the
peak and shoulder frequencies from every 15 minutes to every 7—10 minutes on Route 358
between Aurora Village and Downtown Seattle. This improvement, in combination with
other factors, resulted in an estimated 1,130 additional weekday boardings during the peak
period and 510 additional boardings during the shoulder periods.

The project exceeded ve contract targets:

Promotion of transit and ridesharing eliminated 10,776 trips, exceeding the reduction target
of 1,380 trips.

Incentives for transit and ridesharing eliminated 322 trips, exceeding the reduction target of
236 trips.

Employer outreach eliminated 1,226 trips, exceeding the reduction target of 100 trips.

The carpool program eliminated 641 trips, exceeding the reduction target of 370 trips.
Residential outreach eliminated 451 trips, exceeding the reduction target of 390 trips.

5.1.8.6 Bridge Bucks, Washington, D.C. Metropolitan Area

Bridge Bucks was an incentive program that provided commuters $50 per month to gacoura
use of alternative means of transportation—bus, rail, carpool, or vanpool—instead of driving
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alone through the construction zone. Commuters could download the $50 fare media onto an
eligible commuter’s fare media account for use on whichever transportation alternative best
suited their individual commuting needs. The following discusses the use of Bridge Bucks for
three separate projects in the Washington, D.C., metropolitan area.

Woodrow Wilson Bridge Project (2004), Virginia. Several demand-management strategies
were used to help drivers avoid construction congestion during replacement of the Woodrow
Wilson Bridge, which carries 1-495 over the Potomac River between Virginia and Maryland.
Bridge Bucks provided $50 a month in transit passes for 1 year to commuters who switched
from driving to taking buses, trains, or vanpools. Because everyone’s commute is unique, Bridge
Bucks was designed to be compatible with a variety of travel options, including Washington
Metropolitan Area Transit Authority Rail, bus services (e.g., Metro Bus, Maryland Transit
Authority, Fairfax County Connector), and organized vanpools. The pilot program was avail-
able on a rst-come, rst-served basis for 1,000 commuters (500 in Maryland, 500 in Virginia).

South Capitol Street Bridge Reconstruction (2007), Washington, D.@. July and August
2007, the District of Columbia Department of Transportation (DDOT) conducted a major
construction project that closed the South Capitol Street Bridge. DDOT partnered with the
Washington Metropolitan Area Transit Authority to help ease the burden by encouraging
motorists who used the bridge every day to take public transportation during the closure. DDOT
started a Bridge Bucks program to compensate motorists affected by the closure. In addition,
the transit authority reduced the regular bus fare on the affected route from $1.25 to $0.75, and
the express bus fare from $3.00 to $1.25.

New York Avenue Bridge Reconstruction (2011), Washington, D.DDOT began construc
tion on the New York Avenue NE Bridge (D.C. Bridge No. 534) in March 2011 and completed
the project in October 2013. To mitigate traf ¢ effects resulting from the construction, DDOT
operated the New York Avenue Bridge Bucks Program between April 2011 and December 2012
to coincide with the number of lanes being reduced along the bridge. The program was avail-
able on a rst-come, rst-served basis for up to 2,000 eligible commuters per month.

New York Avenue Bridge Bucks averaged 617 applicants over the 19-month period. The
highest monthly participation of 785 persons occurred in July 2011. This peak was attributed
to D.C. Mayor Vincent Gray discussing during a weekly conference the program and its
advantages and encouraging participation.

DDOT developed measures of effectiveness (MOES) as part of a TMP assessment (Table 5.1).
Of note, approximately 94 percent of applicants were approved. The majority of rejections
involved commuters already using transit as their primary mode of commuting.

Table 5.1. Bridge Bucks MOEs, New York A venue bridge reconstruction
(2011), Washington, D.C.

MOEs Number
Applicants 1570
Approve d Applications 1478
Participants, Cumulativ e Monthly Basis 11,733
Participants, Monthly Average 617
Primary Mode Choic e for Participants Metrorail
Survey Renewals 1478
SmarTrip Cards Issued 713
Fare Media A pplied to SmarTrip Cards $377400
E-mail Inquiries through 3/ 30/2012 11,580
N\aRfil 1%1-72S®7>21"12 ZE'YZ—Z®e®i
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On the surface, New York Avenue Bridge Bucks attracted the participation of a very low
percentage of the commuters who traveled through the construction zone. However, it did
provide commuters with a choice or incentive to use alternative modes to the single occupancy
motor vehicle. This choice contributed to goodwill and a positive outlook toward DDOT and
the District.

5.1.9 Cost

Costs depend on the type of demand-management strategy provided, the number of par-
ticipants, and duration. Costs, based on available examples, range from $100,000 to $1 million.

A total of $12 million was allocated to transit improvements on the 1-40/1-440 Fortify 40
rebuild project in North Carolina. WSDOT provided King County with $31.9 million to enhance
transit and water taxi service, improve bus monitoring equipment, and provide demand-
management services during construction of the Alaskan Way Viaduct Program projects.

5.1.10 Resources and Refer ences

36 Commuting Solutions, 2014 Annual Review, n.d., http://36commutingsolutions.org/36cs/wp-content/
uploads/36-Commuting-Solutions-2014-Annual-Review.pdf.

CDOT. Transportation Demand Management and Corridor Projects, Colorado Department of Transportation,
February 2002.

DDOT. New York Avenue NE Bridge over Railroad Tracks Bridge Bucks Technical Memorandum, District
Department of Transportation, March 6, 2013.

Dowling, R., R. Margiotta, H. Cohen, and A. Skabardonis. Guide for Highway Capacity and Operations Analysis
of Active Transportation and Demand Management Strategies, FHWA-HOP-13-042, FHWA, U.S. DOT,
June 2013.

Lee, C., P. Winters, J. Pino, and D. Schultz. Improving the Cost Effectiveness of Financial Incentives in Managi
Travel Demand Management, Florida Department of Transportation, October 2013.

MnDOT. Mitigating Highway Construction Impacts with Transit, Minnesota Department of Transportation,
August 2012.

Taylor, KW.,and T. Gren. Construction Traf ¢ Mitigation Demand Management Evaluation I-405 South Bellevue
and Renton Stage 1, Washington State Department of Transportation, February 1, 2010.

Udvardy, J. 826-836 Incentive Program PowerPoint, South Florida Commuter Services, May 2, 2013. http://www.
commuterservices.com/wp-content/uploads/2013/05/Jim-Udvardy-Paying-Commuters-to-Carpool-
04.11.13.pdfaccessed September 5, 2019.

WSDOT.Alaskan Way Viaduct and Seawall Replacement Project Moving Forward Projects Construction Traf ¢
Mitigation—Enhanced Transit, Transit Travel Time and Demand Management Performance Report, Washington
State Department of Transportation, April 22, 2013.

5.2 Strategies to Shift Time of Travel
5.2.1 Description

Employer demand-management programs are employer-sponsored programs designed to
reduce single occupancy—vehicle trips to and from the worksite.

The employment transportation market is largely responsible for peak period congestion
conditions twice each weekday. As such, modal shifts for these trips can signi cantly reduce
regional vehicle miles traveled (VMT) and carbon emissions, alleviate congestion during peak
periods, and improve air quality, all while making better use of the transportation infrastructure
throughout the day.

Strategies such as the following allow employees to reduce their number of weekly commute
trips and shift work trips to nonpeak times of day.
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Variable work hours. This strategy involves allowing employees to offset work hours from
the typical 9-5 standard, thus shifting commute travel to variable off-peak hours in order to
reduce travel demand during peak periods.

Telecommuting. Telecommuting entails working at home or at a telecommuting center near
home, either full or part time. Motorists who normally travel through the work zone are
encouraged to telecommute for the duration of the project to reduce the demand.
Compressed workweeks. Employers may also reduce travel demand by enabling employees
to compress regularly scheduled hours into fewer workdays per week.

5.2.2 When to Use
Work zones appropriate for strategies to shift time of travel include the following characteristics:

Commuter traf c is signi cant.
Employment and activity centers are located along the affected work zone route or within the
vicinity of the work zone.

5.2.3 Benets

The use of demand-management strategies to shift time of travel provides the following
bene ts:

Distributes peak hour commuting over longer time period, thereby reducing travel demand
during the peak periods.

Reduces single occupancy—vehicle rates, which in turn reduces congestion, RUC, and
emissions.

Decreases workers’ exposure to passing vehicles, thus lowering workers’ risk of being struck.
Reduces emergency vehicle response time to crashes.

Shifts demand to other modes.

5.2.4 Expected Effectiveness

The effectiveness of employer demand-management programs varies based on the program
elements included, the presence of nancial incentives, and the transportation options available
for accessing the worksite.

5.2.5 Crash Modi cation Factor
A CMF is not applicable for this strategy.

5.2.6 Implementation Considerations

Several conditions must be in place for the traveling public to consider demand-management
strategies advantageous within work zones:

Alternative commuting options, such as transit, carpooling, vanpooling, bicycling, walking,
and teleworking, must exist and be actively publicized.

Travel times for the alternative commuting modes must be competitive with travel times for
single occupancy vehicles.

Travel alternatives must be convenient and comfortable for users.

The destination must be walkable or otherwise easily accessible from the alternative mode site,
as individuals will be without a vehicle.
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Incentives related to using alternative modes may be necessary, particularly those related
to travel cost advantages, such as enticements and subsidies, value pricing, or parking
management programs.

A detailed planning phase is crucial to implementing a successful demand-management plan
for construction projects. Developing a plan requires selecting the most appropriate strategies
and obtaining a commitment from all partners.

Additionally, partnerships with community organizations and businesses are important.
Transit agencies can help determine how best to use transportation facilities and services
during construction and what additional transit services may be needed. Employers near the
work zone can provide traveler information and develop transportation alternatives, such as
transit, vanpooling, exible work hours, and telecommuting.

There are costs associated with speci c demand-management strategies, such as costs fol
improving alternative routes or providing alternative transportation modes. Staff resources are
needed to run and manage the program, and project-level staff involved with the construction
project will need to provide project-speci ¢ information to the agency staff running the demand-
management program. Ongoing costs should also include a public outreach campaign. Public
outreach costs can vary widely depending on the media distribution (e.g., television, radio,
newspaper, website), the intended length of the campaign (or the project), and the frequency
with which messages are disseminated.

5.2.7 Design Features and Requir  ements

One of the rst steps is to identify people willing to try transportation alternatives, which is
achieved through commuter surveys to determine who is interested in considering changing
their transportation alternatives. This approach will ensure that resources are spent on individuals
most likely to change and will make sure all elements of the demand management program are
captured in one implementation strategy.

Demand-management strategies succeed when combined with complementary strategies.
The decision about which demand-management strategy to use for a speci ¢ project depends on
the target audiences, messages to be communicated, available budget, existing agency resourc
and expertise with these strategies, multiple employer bases, and other factors.

Not every work zone requires implementing demand-management strategies before con-
struction begins. Long-term construction projects in densely populated urban areas, which
require lane closures for extended periods, are likely to have a more severe effect on traf ¢
operation, and thus require more comprehensive demand-management strategies (e.g., tempo-
rary or permanent parking facilities; transit, rideshare, and carpool incentives) compared with
maintenance projects on low-volume roadways or projects in rural areas.

5.2.8 State of the Practice

5.2.8.1 826/836 Project, Florida (2009—2016)

FDOT District 6, in partnership with the Miami-Dade Expressway Authority, began a
reconstruction project of the SR-826 (Palmetto Expressway) and SR-836 (Dolphin-Express
way) Interchange. The project began construction in November 2009 and was completed in
2016. Construction affected 60 percent of all commuters in Miami-Dade County. To assist
affected commuters using the 826/836 interchange—430,000 vehicles daily—the project
encouraged companies to start a teleworking program by providing free consultant services
from a South Florida Commuter Services telework expert. Services included site assessment,
recommendations, implementation planning, webinars, and on-site meetings.
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5.2.8.2 Washington Commute Trip Reduction Law

The Washington State Legislature passed the Commute Trip Reduction (CTR) Law in 1991
to address traf ¢ congestion, air pollution, and petroleum fuel consumption. In 2006, legislators
passed the CTR Ef ciency Act, requiring local governments in urban areas with traf c-conges
tion to develop programs that reduce single-driver trips and VMT per capita.

CTR targets workplaces with 100 or more full-time employees in the most congested areas of
the state. Employers develop and manage their own programs based on locally adopted goals for
reducing vehicle trips and miles traveled and overall congestion. The results of the CTR program
include the following:

Half a million employees at more than 1,000 CTR-affected worksites increased their carpool
trip rate from 34.3 percent to 39.1 percent—43 percent higher than the state average and
66 percent higher than the national average. Commuters left about 22,400 automobiles at
home every workday, either teleworking or traveling by other means such as bus, vanpool,
train, walking, or biking, which reduced traf c.

The average VMT per surveyed employee declined by 7.4 percent. Overall miles decreased by
about 79 million annually. This resulted in a reduction of 3.7 million gallons of fuel, saving
commuters almost $10 million in fuel expenditures. This reduced annual greenhouse gas
emissions by 33,500 metric tons, the equivalent of 180 rail cars of coal or the same amount of
carbon sequestered annually by about 31,500 acres of forest—enough trees to cover almost
60 percent of Seattle.

5.2.9 Cost

The cost of employer demand-management programs depends on the strategy provided, the
number of participants, and duration. Costs, based on available examples, range from $100,000
to $1 million.

5.2.10 Resources and Refer ences

CDOT. Transportation Demand Management and Corridor Projects, Colorado Department of Transportation,
February 2002.

DDOT. New York Avenue NE Bridge over Railroad Tracks Bridge Bucks Technical Memorandum, District Depart-
ment of Transportation, March 6, 2013.

Dowling, R., R. Margiotta, H. Cohen, and A. Skabard@igle for Highway Capacity and Operations Analysis
of Active Transportation and Demand Management Strategies, FHWA-HOP-13-042, FHWA, U.S. DOT,
June 2013.

Lee, C., P. Winters, J. Pino, and D. Schultz. Improving the Cost Effectiveness of Financial Incentives in Managing
Travel Demand Management, Florida Department of Transportation, October 2013.

MnDOT. Mitigating Highway Construction Impacts with Transit, Minnesota Department of Transportation,
August 2012.

Taylor, KW., and T. Gren. Construction Traf ¢ Mitigation Demand Management Evaluation [-405 South Bellevue
and Renton Stage 1, Washington State Department of Transportation, February 1, 2010.

WSDOT.Alaskan Way Viaduct and Seawall Replacement Project Moving Forward Projects Construction Traf ¢
Mitigation—Enhanced Transit, Transit Travel Time and Demand Management Performance Report, Washington
State Department of Transportation, April 22, 2013.
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CHAPTER 6

Control Strategies

“Control strategies” refers to the traf ¢ control approaches employed to ef ciently and safely
accommodate road users within the work zone or the adjoining corridor, while providing
adequate access to the roadway for the required construction, maintenance, or utility work to
be performed. This section discusses the following control strategies:

Full road closure
Night work
Two-way traf ¢ on one side of a divided facility (i.e., crossover)

6.1 Full Road Closure
6.1.1 Description

Full road closure involves complete closure of the roadway for various time periods, providing
the contractor full access to the roadway and rerouting traf ¢ to nearby facilities.

Agencies commonly use full road closures over two time durations:

Full continuous road closure. This approach involves rerouting all traf ¢ and giving the
contractor full access to the roadway with the expectation that construction time will be
dramatically reduced. All operations can run continuously-ke4s a day, days a week—

which eliminates inef ciencies related to stopping and starting work. Full road closures can
greatly reduce the duration of a project and reduce overall traf c exposure to work zones—
causing greater disruption to normal travel patterns, though for shorter periods of time.
Exclusive weekend closures. Agencies use weekend closures for only one mobilization
and demobilization to occur each week, but for thed@frs or so that lanes are closed the
contractor will need to operate around the clock. Using full closures on weekends helps
contractors avoid peak weekday traf c; however, weekend road closures can lead to a longer
project duration than a continuous road closure.

6.1.2 When to Use

This strategy applies to many types of construction and maintenance activities and can be
implemented on either a long-term or a short-term basis. Although some types of projects,
such as complete bridge replacement, usually require long-term closure to traf c, the decision
of whether and when to close a roadway is usually based on other factors, such as availability of
alternative routes and the need to maintain access to abutting properties and businesses within
the work zone. Full road closure may be employed in the following situations:

110
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Viable alternate routes exist and a full road closure will accelerate construction.
The project requires reduced construction time.
Agencies aim to minimize the effect on travelers.

CDOT has developed a full-closure strategic analysis tool to provide staff a uniform decision
process to ef ciently and effectively evaluate and approve full closures and ensure the agency can
successfully implement them. The tool consists of three steps, each of which requires informa-
tion from the applicant and a response from CDOT traf c staff. Fi§ureshows and describes
thesdollowing steps, and AppendiX provideghe Stefl andStep2 worksheets:

Stepl. Applicant completes a worksheet describing the basic details of the closure scenario,
including location, time, detour routes, and anticipated time savings associated with a full
closure instead of phased construction with the highway remaining open. Upon receiving a
completed worksheet, CDOT traf c staff uses the listed categories to evaluate the character-
istics of the requested closure. Tdhle outlineghe criteria to be considered, along with a
description of how the performance of the closure scenario is to be rated in each category.
The Stefd worksheet provides CDOT staff the basis on whether the closure will be advanced
to Step2. Favorable ratings enhance the likelihood that the closure will be advanced, while

Figure 6.1. Steps involved in full-closure strategic analysis tool (Credit: CDOT).
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Table 6.1. CDOT full-closure rating criteria, Step 1.

Category Favorable Fair Unfavorable
1 Impacttotra c <50,000 50,000-100,000 >100,000
(ADT x # of days, prorated)
Functional equivalence Detour is the same or higher Detour route is a di erent Detour route is of functional
2 of detour roadways functional class as closed functional class, but will class below the closed
highway accommodatetra ¢ in similar highway
fashion to closed highway
3 Use of state highways as Detour route uses all state | Detour route uses mixture of Detour route uses
detour routes highways state and nonstate highways all nonstate highways
Impacts to businesses There are no direct, Local accesses to the closed | One or more exclusive local
4 and local access exclusive local accesses to| highway can be accommodated | accesses would te closed
the closed highway by equivalent alternate means by the full closure
segment
5 Travel distance added 3x travel distance or less 3-5x travel distance 5x or more travel distance
by detour
Local agency mordination No agency coordination 1 agency to ®ordinate with 2 or more local agencies
6 required involved
7 | Advance public notice >2 weeks’ notice 1-2 weeks’ notice <1 week’s notice
8 Potential for div ersion Well known regional travel Limite d regional travel Very few good regional
out of area options present options present travel options present
9 Construction time savings >30% reduction in 0-30%reduction in No reduction in
construction time construction time construction time
Ability to do concurrent Other activities can be done | Additional activities can be No additional activities
10 work that would have requi red accomplished that would can be accomplished
separate, additional not have required separate,
full-closure time additional full-closu re time
N\aR: ADT = averagdaily tra c.

unfavorable ratings can result in a request for more information, rejection of the proposed
full closure, or signi cant modi cation to characteristics of the closure.

Step2. CDOT traf ¢ staff use the Stépadded information form to request the applicant
provide additional information CDOT needs to better understand implementation of the
closure. Additional information may be needed to evaluate project effects on traf ¢ and
businesses, describe traf ¢ safety conditions, or de ne the detour routes or regional diver-
sions. Upon receipt of the additional information, CDOT traf c staff will consider the closure
scenario and determine whether the closure should advance 8. $téppossible that the
closurewill be denied based on Step 2 ndings.

Step3. As Figures.1 shows, closures advanced by CDOT to Bteitl be approved, even
though several items may need to be addressed to ensure successful implementation. CDOT
and the applicant will work together to ensure contractor accountability, monitoring of
closure effects, and agency coordination.

6.1.3 Benets
The use of full road closures provides the following bene ts:

Faster project delivery.

Reduced inconvenience to motorists.

Larger working area and increased productivity.

Improved project quality from the reduction in the number of joints and seams potentially
needing future maintenance.

Reduced exposure for construction personnel and road users.
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6.1.4 Expected Effectiveness

The FHWA study, Full Road Closure for Work Zone Operations (2003), examined six projects
that used full road closures and reported a signi cant reduction in project duration (Bi@)re
According to the study, the average duration reduction resulting from the use of full road
closure was 76gercent, compared with part-width csimuction using traditional maintenance
of traf c.

The reduced duration of full road closure projects translates into less traf c exposure,
thereby eliminating crashes involving drivers and workers within the work zone. However, there
may be an increase in crashes on the detour routes.

6.1.5 Crash Modi cation Factor
No CMF is applicable for this strategy.

6.1.6 Implementation Considerations
With full lane closures, agencies also need to consider other factors, such as the following:

City/county agencies and personnel often need to be convinced of the feasibility of implement
ing full road closure and the potential bene ts that can be realized, compared with traditional
means of performing rehabilitation under traf c.

Full-closure projects typically operate on an accelerated schedule. Before letting a project, the
agency should consider the contractor’s ability to provide adequate resources (e.g., materials,
equipment, crew) to maintain an accelerated pace.

The availability of detour routes to accommodate oversize, over-height, or overweight trucks
is crucial and requires good communication and outreach to truck drivers and trucking
associations to secure their buy-in.

Effects on business or entertainment venues can be a factor. Many projects have planned
closures around events and considered adverse effects to businesses during the planning
process. Such planning helps to ensure a successful project.

Figure 6.2. Estimated time saved: project days for
full road closure versus estimated days with traditional
maintenance of traf ¢ (Credit: FHW  A).
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Full-closure projects are often scheduled on a 24-hour work basis, so there is potential for
adverse impacts to local residents, including noise and light pollution.

Agencies and public information campaigns should encourage road users to consider public
transportation alternatives on detour routes, where available. Arranging special provisions
or incentives for the traveling public to use public transportation can have a marked effect
on highway operations. In addition, demand-management techniques may be considered to
ensure that alternative highway routes are not overloaded.

Potential drawbacks of full road and weekend closures include

Signi cant short-term travel effects for the public.

Increased traf c congestion on other routes.

Need to construct a detour or runaround.

Adverse effect on businesses relating to trip suppression (not enough traf c).
Adverse effect on businesses on alternative routes (too much traf c).

(See Section 9.2, Lighting Devices, for other nighttime work zone considerations.)

6.1.7 Design Features and Requir  ements

The following requirements should be considered during the design of the full road
closure:

Detour routes are needed during a full road closure when the original road is closed.

Detour routes should avoid creating unreasonable travel distances and delays.

Full road closures are considered successful when the detour design results in acceptable
delays (either through increased travel distances or congestion).

Detour routes must have reserve capacity to be able to handle the increased traf ¢ without
creating signi cant delays. Agencies may need to consider improvements to the alternative
route, such as temporarily removing curbside parking, adding lanes, improving traf ¢ signals,
and removing geometric bottle necks.

Extensive public outreach campaigns are needed to publicize detours and distribute detour
information through a variety of media.

Special events such as holidays, sporting events, and concerts on planned road closures anc
alternate route options need to be considered.

6.1.8 State of the Practice

Currently, state transportation departments consider full-closure opportunities on a case-
by-case basis and apply engineering judgment and various factors to weigh the decision.
As described in the following examples, several DOTs have let and built projects using full
road closures.

South Carolina (I-385 rehabilitation). In January 2010, the South Carolina Department
of Transportation (SCDOT) closed 15 mi of 1-385 in Laurens County for rehabilitation.
This was the rsttime SCDOT implemented full road closure for a nonemergency project.
Doing so allowed SCDOT to complete the project in less thaondhs instead of gears

if lanes were kept open and saved more thann$iiibn. The rehabilitated stretch of
[-385 of cially reopened on Jul23, 2010—3 weeks ahead of the 8-month schedule—
andunder budget.

Michigan (M-10 Lodge Freeway, Fix Detroit 6 Program). During the M-10 rehabilitation
project, MDOT used a bidirectional full closure to ensure the project would be completed in
one season. This project was part of the Fix Detroit 6 program that coordinated six high-pro le
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projects in the Detroit area during the 2002 and 2003 construction seasons. The traf c in the
direction of the closure was detoured off the freeway.

— Estimaed duration without full closure: ®onths.

— Actual duration with full closure: 5@ays.

Delaware (1-95, Wilmington). To expedite construction time, the Delaware DOT (DelDOT)
chose a full closure for the 6.1-mi rehabilitation project because an alternate route, 1-45,
had suf cient capacity.

— Estimaed duration without full closure: 2 years.

— Actual duration with full closure: 185 days.

Kansas Route 458 rehabilitation project, Douglas County). Route 458 between N 1050
Road and N 1116 Road was closed feeéks for construction of two large culverts. A signed
detourwas in place during the full road closure.

California (Avenue 11 in Madera County). The California High-Speed Rail Authority
closed Avenue 11 in Madera County fonddhths as part of constructing an overcrossing to
eliminate amat-grade crossing and allow vehicles to travel over the high-speed rail alignment
and BNSF railroad tracks.

Oregon (I-84 Ban eld Freeway, Portland). The Oregon DOT used directional road
closures over two consecutive weekends instead of using the traditional part-width night
construction.

— Estimaed duration without full closure: 32urs,or 32 nights for nighttime-only work.

— Actual duration with full closure: 11i#ours.

Georgia(l-285, between 1-675 and 1-20, Atlanta). GDOT chose to use directional full
weekend road closures on the 64-lane-mile project to reduce traf ¢ impact. The project
included a public information campaign that involved media campaigns, mass mailings,
community meetings, and dynamic signing. The contractors paved an average of 8 mi each
weekend. Because there were no vehicles on the directional road closure, trucks did not have
to wait in traf ¢, which ensured a constant ow of material to the worksite.

— Estimaed duration without full closure: yeas.

— Actual duration with full closure: 12 weekends, 6 for each direction.

6.1.9 Cost

The cost to implement a full roadway closure depends on many factors, including any
upgrades needed for the detoured route plus ongoing maintenance and traf ¢ monitoring;
supporting traf ¢ control devices on both the main line and the detoured route; public out-
reach that takes into consideration the extent of the in uence area; and RUC.

6.1.10 Resources and Refer ences

Babcock, MW., and A. Alakshendra. Methodology to Measure the Bene ts and Costs of Rural Road Closure:
A Kansas Case Study, Journal of the Transportation Research Forum, Vol. 51, No. 1, Spring 2012, pp. 111-130.

Del Rosario, Z., E. Kaing, B. Taylor, and M. Wachs. Why It Wasn't “Carmageddon”: An Analysis of the Summer
2011 Closure of the Interstate 405 Freeway in Los Angeles, Institute of Transportation Studies, University of
California at Los Angeles, Augaét2012.

DeVries, L., S. Hersey, A. Tesfaye, and D. Réaie€losure Strategic Analysis, CDOT-2014-7, Colorado
Department of Transportation, JUAD14.

FHWA. Full Road Closure for Work Zone Operations: A Cross-Cutting Study, FHWA-OP-04-009, FHWA, U.S.
DOT, August, 2003.
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2010-04, Minnesota Department of Transportation, January 2010.
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McGowen, T. The Biggest Freeway Closure in the Car Capital of the World: A Brief Case Study, Journal of the
Transportation Research Forum, Vol. 51, No. 1, Spring 2012, pp. 111-130.

Vergara, D. Transportation Management Plan Empire/Burbank and Railroad Tracks Project, State of California
Department of Transportation, JURD13.

6.2 Night Work
6.2.1 Description

“Night work” refers to work performed at night (i.e., end of evening peak period to beginning
or morning peak period) to minimize work zone impacts on traf ¢ and adjacent businesses.
Night work must be undertaken using the appropriate lighting devices. Refer to 9ezfian
information on work zone lighting devices.

6.2.2 When to Use

The decision of whether to perform work at night should involve a comprehensive cost-
effectiveness evaluation that considers the implications of each alternative (including active
night work) with respect to three key impact factors:

1. On the community and traf ¢ (business operations, pedestrians and bicyclists, emissions,
public transit, emergency services, noise effects, lighting and glare effects, traf ¢ diversion
impacts, etc.).

2. On saéty (worker and motorist safety).

3. On castructability (worker ef ciency, lighting plan quality, and materials and equipment
availability).

Night work will increase the amount of mobilization and demobilization, as it will recur
every day.

Night work is appropriate at project sites that have lower traf ¢ volumes at night than during
the day, when work may be easier or safer. The primary objectives of work zone traf ¢ control
are ensuring an acceptable level of safety for workers and road users, minimizing adverse effect
on traf ¢ ow and the community, and allowing the project to be completed on schedule and
at an acceptable level of quality. If these objectives cannot be met during daytime construction,
nighttime work may be appropriate (Antonucciaét2005).

EVALUNITE is a simple software package, developed in 2004 for IDOT, to evaluate the
suitability of nighttime work for highway projects.

The software was developed using Microsoft Excel and Visual Basic for Applications. The
software has a user-friendly interface that leads the user through the process of data input and
running the model in a simple and clear manner. The input data are case sensitive and may
differ greatly from one project to another. Therefore, most input variables are user-speci ed.
However, default values were set for these variables in case the required information is not
available to the user. This feature is useful, as it is quite likely that users will not have all the input
data, especially at the planning stage of the project. In determining these default values, devel-
opers attempted to identify realistic estimates for many parameters based on previous studies
and the results of state DOT questionnaire surveys.

Using the priorities and objectives set by the agency, the model comes up with a recommen-
dation concerning the use of night shifts in highway projects. The model consists mainly of two
main modules—the cost module and the effectiveness module.
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The cost module consists of three different cost models—a traf ¢ delay model @-Bjure
an accident cost model (Figued), and a construction cost model (Fig6t&). The cost
modules assess all the variables that can be quanti ed using dollar values.

The effectiveness module considers three main qualitative aspects: (1) environmental and
social factors, (2) safety factors, and (3) construction-related factors. A number of factors were
identi ed in relation to each aspect. The environmental aspects include factors such as noise
disturbance, economic impacts on surrounding business, light glare to motorists, and air pollu-
tion. The safety aspects relate to workers’ safety only, as the motorists’ safety is considered in the
accident cost model. The construction-related factors are materials and equipment availability,
freedom to plan lane closures, work quality, and temperature (Fackire

By comparing the total expected cost, whicdtudes the delay, accident, and construction
costs, to the effectiveness of each alternative, agencies can use the tool to make the decision of
nighttime versus daytime construction. Therefore, it is important to determine a total score for
the effectiveness of each alternative (daytime and nighttime) and use that score in conjunction

Figure 6.3. Traf ¢ delay model user interface (Credit: IDOT).
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Figure 6.4. Accident cost user interface (Credit: IDOT).

with the total cost to make the decision. Agencies can use different methods, depending on the
decision-maker’s preference and the particular situation, to combine the score of each factor
and its relative importance weight to nd the combined score.

6.2.3 Benets
The use of night work provides the following bene ts:

The effects of roadwork on traf c congestion and motorist delays can be signi cantly reduced
or avoided.

The work zone is more exible because traf c interference is reduced.

Quality can be achieved when suf cient lighting is provided. Cooler temperatures can enhance
the quality of the concrete set at night.

Less traf c interference and longer work shifts can positively affect productivity and ef ciency.
More lanes can be temporarily closed to accommodate work activities.

Lanes can be closed for a longer duration, improving ef ciency and reducing completion time.
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Figure 6.5. Construction cost user interface (Credit: IDOT).

6.2.4 Expected Effectiveness

NCHRP Report 627: Traf ¢ Safety Evaluation of Nighttime and Daytime Work Zones (Ullman
etal. 2008) examined crash risk and type related to nighttime and daytime roadwork. The
report’s ndings indicated that night work does not result in a signi cantly greater crash risk
for an individual motorist traveling through the work zone than does day work. The increases
in crash risk for work operations requiring the temporary closure of travel lanes were essentially
identical when performed at night or during the day. In addition, traf ¢ crashes that occur in
nighttime work zones were not necessarily more severe than those that occur in similar daytime
work zones—again when compared across similar work operations. The implications of these
ndings are that work activities that require temporary lane closures have substantially lower
total safety effects on the motoring public when the work is done at night. The lower traf ¢
volumes at night result in a much lower number of crashes occurring over a work operation of
a given duration.

Although the increased risk of a crash is sSimNEEHRP Report 627 also reported that
differences do exist in the types of crashes that occur at nighttime and daytime work zones.
For example, based on the NYSDOT work zone traf c-crash and worker-accident database,
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Figure 6.6. Qualitative analysis user interface (Credit: IDOT).

traf c crashes involving workers, construction vehicles or equipment, and construction materials
and debris (both intrusion and non-intrusion crashes) comprise a greater percentage of crashes
at night than during the day. Although the relative percentage of these crashes was higher at
night, they were only a small proportion of the total work zone crashes in either time period.

6.2.5 Crash Modi cation Factor

Table6.2 shows CMFs for night work. Chapt8rprovides more information on developing
work zoneCMFs.

6.2.6 Implementation Considerations

Scheduling construction activities during nighttime, when traf c demand is typically at its
lowest, is viewed by many transportation agencies as an effective strategy to alleviate the negativ
effects of work zones on the traveling public. However, this argument addresses only one aspect
of road construction related to traf ¢ congestion and delay. Nighttime operations also affect
other aspects that need to be considered. Some of these aspects are construction related, such :
work productivity, work quality, worker safety, and construction costs; others relate to traf ¢
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Table 6.2. CMFs for night work.

Crash Crash Facility Type Volume CMF Standard
Type Severity Range Error

Work zone with on e or more lanes closd (work ers present)
Nigh 4me All Freeways and All 1.61 0.06

expressways
Nigh 4me Injury F reeways and All 1.42 0.09

expressways
Work zone with no lanes closed (workers present)
Nigh 4me All Freeways and All 1.58 0.15

expressways
Nigh 4me Injury F reeways and All 1.41 0.23

expressways
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and worker safety, impacts on neighboring communities and businesses, air quality, and energy
conservation. Therefore, agencies need to consider all these important aspects for a speci c
situation before they can make an informed decision on nighttime construction.

6.2.7 Design Features and Requir  ements

Nighttime construction requires a detailed illumination plan, careful work planning and
sequencing, traf ¢ control, and nuisance-mitigation planning.

Workers need to be aware of additional risks associated with night work; therefore, additional
safety training may be needed before starting night work.

Agencies should review the TCDs at night to ensure they are in proper condition and are
visible under night conditions.

Construction work zone lighting and glare speci cations should identify appropriate levels of
lighting based on work tasks. In addition, the agency will need practical methods for inspecting
nighttime work zone lighting arrangements.

6.2.8 State of the Practice

Transportation agencies routinely use nighttime construction to conduct highway maintenance
and reconstruction projects. However, a literature search showed that no uniform guidelines or
procedures currently exist at the national level to assist agencies in making decisions on when to
employ nighttime operations.

Decisions to conduct maintenance operations at night vary from state to state and transpor-
tation agencies consider nighttime opportunities on a case-by-case basis, applying engineering
judgment and various factors to weigh the decision.

6.2.9 Cost

Night work is more expensive than equivalent daytime activities; however, the potential for
greater productivity is high.
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Transportation Research Board, No. 2258, 2011, pp. 16-24.
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Nighttime Lighting Guidelines for Work Zones: A Guide for Developing a Lighting Plan for Nighttime Work Zones
American Traf ¢ Safety Services Association, April 2013.
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for Nighttime Construction in Highway Projects, ITRC FR 00/01-5, lllinois Transportation Research Center,
May 2004.

Shane,.B.,A. Kandil, and CJ. Schexnayder. NCHRP Report Z22&uidebook for Nighttime Construction—
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Ullman, G.L., M.D. Finley, and BR. Ulman. Assessing the Safety Impacts of Active Night Work Zones in Texas,
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6.3 Two-Way Traf c on One Side of a Divided Facility
(i.e., Cr ossover)

6.3.1 Description

This strategy involves closing one side of a divided multilane highway and moving all traf ¢
to the other side as a two-way operation (often with a median barrier separating opposing traf ¢
ows to prevent head-on collisions). This strategy allows work activities to occur on the closed
side, separated from traf c by a signi cant distance. In some instances, crossovers will need
to make full use of all pavement on the other side, including shoulders, to maximize traf ¢
capacity provided.
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6.3.2 When to Use
The use of crossover should be considered under the following situations:

The project has a long duration.

Opposing traf ¢ lanes do not carry peak hour traf c.

Projects have multiple construction stages or phasing.

Worker safety is at risk.

Detour routes and adequate median or shoulder width are not available.

6.3.3 Benets
The use of median closures provides the following bene ts:

A median crossover maintains traf ¢ ow within the agency’s ROW, reducing the effects on
nearby alternative routes.

A median crossover removes all traf ¢ from the work area and allows the contractor better
control of the work operation. Better-quality work may extend pavement and bridge deck
service lives and reduce the frequency and extent of future maintenance and reconstruction
operations.

Wider temporary lane widths resulting from median crossovers may better accommodate
wide loads and could mean the difference between allowing them on site as opposed to
detouring them off site.

Agencies may realize cost savings if some crossovers on freeway projects are left in place after
the project is completed. Because these crossovers are designed to carry Interstate traf c, they
are constructed with a high-type pavement that adds to the cost. If crossovers are left in place,
this cost may be partially recovered as a cost savings to future construction.

Crossovers also leave options open for emergency construction and remain available for
future operations plans, including incident management. Crossovers that remain in place
after construction require traf ¢ control to alert drivers that the crossover is not open and that
using the crossover is not allowed.

6.3.4 Expected Effectiveness

No studies were found that evaluated the effectiveness of median crossovers in work zones.

6.3.5 Crash Modi cation Factor
No CMF is applicable for this strategy.

6.3.6 Implementation Considerations

A median crossover requires special consideration in the planning, design, and work phases
because unique operational problems (e.g., an increase in the risk of head-on crashes) can
arise. The following are some considerations for designers when assessing the use of median
Crossovers:

Will the crossover result in restricting traf ¢ in a reduced lane con guration longer than
would a conventionally staged operation?

Can temporary lanes be constructed in the median?

Will selecting a crossover result in a shorter contract time?

Can the work be accomplished without crossover? If considering another option, will it cause
an additional safety risk to TTC zone personnel?
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Will a restricted section create dif culties for emergency vehicles when passing through or
responding to accidents in, or downstream of, a crossover segment? Pullouts at 1-mi inter-
vals are suggested for disabled vehicles, incident management staging, and law enforcemen
vehicles. Agencies should also consider using courtesy patrols for disabled vehicles and incident
management.

Will a crossover add capacity? It is important to rst verify that a median crossover strategy
can provide adequate traf c capacity.

Will using crossovers signi cantly increase the project cost? Agencies will need to construct
temporary pavement in the median of the roadway at both ends of the project, which adds to
the overall project cost.

The primary consideration when selecting crossover locations is traf ¢ needs. A tangent
section on at terrain is the most desirable location for constructing a crossover.

DOTs also need to ensure that newly created roadside hazards are adequately protected, anc
that work area access points near and in the crossovers are adequately designed and delineate

One disadvantage of crossover construction is that temporary pavement will be necessary
at each exchange to provide entrance and exit ramp access in the direction of travel of the
shifted traf c. Crossover construction is most bene cial on projects where ramp access is not
mandatory.

6.3.7 Design Features and Requir  ements

The guidance for permanent design for alignment, barriers, delineation, and illumination
applies to the design for elements of temporary crossovers. The 2009 MUTCD E&dt&)n
provides the following guidance for the design of crossovers, as well as a general crosaover diagr
(Figure6H-39):

Separate tapefiom lane drops from the crossovers.

Design crossovers for speeds no lower thamdi® below the posted speed, the off-peak
85th percentile speed before the work started, or the anticipated operating speed of the
roadway, unless unusual site conditions require a lower design speed.

Use a good array of channelizing devices, delineators, and full-length, properly placed pave-
ment markings to provide drivers with a clearly de ned travel path.

Design the crossover to accommodate all vehicular traf ¢, including trucks and buses.

Transportation agencies may also consider the following additional design elements for
installing a crossover:

Many times, the median becomes a location where waste material or other debris is deposited.
There is no way to know the soil characteristics without a subsurface exploration/investigation
in the crossover area, which may include power or hand borings.

The typical temporary crossover roadway has a 4:1 side slope.

A sag curve needs to be provided in the crossover between the main-line roadways. This can
become more challenging when the main-line roadways are at different elevations and the
median width is narrow. Drainage must ow away from each main-line roadway to prevent
water or ice from accumulating.

Pro le elevations are shown in each direction and on each side of the proposed roadway,
typically where the pavement marking edgeline would be installed. Typically, elevations are
provided at least every ialongcurved sections and every To8longtangent sections.

As the crossover is a large impermeable area and it is generally dif cult to remove surface
water from the pavement quickly, agencies need to prevent concentrated ow drainage
patterns.
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Temporary barriers are used to separate the two directions of traf c. Both directions of traf ¢
need appropriate de ection distance; if this is not possible, barriers need to be pinned as per
state standards.

Temporary illumination may be considered, to improve visibility at the crossover locations.
Requirements might also address advisory speed (or speed reduction) on approach to cross-
over, lane width through the crossover point, temporary pavement markings, removal of
con icting markings, and construction signs.

A systematic evaluation is needed to evaluate whether contra ow traf ¢ using the crossover will
have an adverse effect on the existing roadway safety hardware (guardrail, crash cushions, etc.).

6.3.8 State of the Practice

The standards and speci cations for lowa, Washington, Montana, Connecticut, Ohio,
Wisconsin, and New York include speci ¢ guidance for the design of work zone crossovers.
However, only NYSDOT has a speci ¢ policy to consider median crossovers as an alternative
method of work zone traf ¢ control.

6.3.9 Cost

The cost of installing a crossover depends on many factors, including soil characteristics,
drainage requirements, elevation difference, and condition of the crossover lane or the need to
widen lanes to adequately accommodate crossover traf c.

6.3.10 Resources and Refer ences

Highway Design Manual Revision No. 85, Chapéer-Maintenance and Protection of Traf ¢ in Highway Work
Zones (Limited Revision), Engineering Bulletin (EB 16-017), New York State Department of Transportation,
April 2016.

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

Schurr, KS., BR. Gadner, and S. Rijal. Optimal Design of Work Zone Median Crossovers, NDOR Research
Project Number SPR-P1(06) P581, Septerb0.

WisDOT.Facilities Development Manual (FDM) 11-50-5 Transportation Management Plan Process, Wisconsin
Department of Transportation, May5,2019.
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CHAPTER 7

Project Coordination

7.1 Description

“Project coordination” (PC) refers to the various strategies and actions undertaken to
coordinate with other projects, utilities, and ROWSs.

Although they reduce the delays in starting a project or eliminate con ict between agencies,
utilities coordination and ROW coordination fall outside the realm of work zone safety and
mobility. These activities focus on the effects of a single project, rather than on reducing the
combined effect of two or more projects, which more typically de nes what is meant by PC.

7.2 When to Use

“PC,” as discussed in this section, strictly refers to the coordination within a single project or
among multiple projects within a corridor, a region, and possibly across agency jurisdictions, to
minimize work zone impacts and produce time and cost savings. PC can occur during project
planning and design as well as during the construction stage.

In the planning stage, PC typically focuses on scheduling and sequencing projects to minimize
project effects to drivers, stakeholders, and the community. During the construction stage,
PC activities emphasize identifying and monitoring the day-to-day work activities that adversely
affect the transportation network and nding ways to mitigate the combined effects of those
activities across multiple projects.

FHWA (Theiss, Ullman, and Moinet 2016) developed a matrix that identi es examples of
PC activities by project phase (Tablg).

7.3 Benets

According to the FHWA Guide to Project Coordination for Minimizing Work Zone Mobility
Impacts (Theiss, Ullman, and Moinet 2016), PC provides signi cant cost savings, ability to
identify projects earlier, opportunity to reduce and manage traf ¢ disruptions across projects,
and ability to improve road-surface quality. Speci ¢ bene ts include the following:

Sequencing the order in which multiple projects are completed to incrementally build addi-
tional capacity into the travel corridor or network, so that each completed project provides
the greatest bene t to travelers during each successive project.

Combining projects or project tasks along a travel route segment, so the effect on traf ¢
occurs for the collective tasks at one time instead of individual effects for each activity.
Scheduling projects or project tasks to avoid signi cantly restricting capacity on a single travel
route or on multiple roadways that serve as convenient alternatives for travelers when they
encounter work zone congestion and delays.
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Table 7.1. Examples of PC activities by project phase.
Agencies | Project Planni ng and Design Project Delivery
Involved
Single e Compile a database of e Develop and implement a regional plan that
agency planned projects over encompasses the various ongoing agency projects
the next 3-5 years. in a corridor o r region.

e Develop a map showing e Conduct regular coordination m eetings between
project locations in the sta of various projects going on simultaneously
region, possibly color-coded in a corridor o r region to identify and e liminate
to illustrate current, near- potential lan e closure con ’cts combine
term, and long-term compatible lane closures into a single coordinated
schedules. lane closure where possible, etc.

e Determine and execute the e When possible, estaliish business processes to
sequence of the projects that coordinate agency maintenance activities with
will minimize total delays nearby construction project e orts.
and disruptions to the e Link an agency’s lane closure permi 4ng
traveling pub lic in the approvals with agency construction- and
corridor or region. maintenance-coordination e  orts.

Multiple e Expand project database and | ¢ Develop and implement aregional plan that
mapping tools to include considers and addre sses projects being grformed
other agencies inregion, by all agencies and other stakeholders in the
utility companies, and region.
private sector developer e Conduct regular regional coordination m eetings
projects that will a ect the between stakeholders to resolve lane closure
roadway system. con icts as they arise.

e Estahish a web-based
approach to sharing and
providing a ppropriate access
to the database and map.

\ a R: PC = project coordination.
\b _ P R: Theiss, Ullman, and Moinet (2016).

7.4 Expected Effectiveness

While it is not feasible to measure the safety or mobility effectiveness of PC, this strategy is
expected to have a bene cial effect on safety related to all types of work zones by potentially
reducing traf ¢ congestion, reducing exposure of highway users to work zones and workers
to traf c, and improving emergency response and enforcement of work zone traf ¢ laws.
Transportation agencies that focus on improving coordination, planning, and scheduling
of work activities have had positive experiences.

Agencies should also measure the effect of improving coordination on the changes in
processes and the estimated change in the degree of cooperation attained.

7.5 Crash Modi cation Factor

No CMF is applicable for this strategy.

7.6 Implementation Considerations

Agencies use different methods and scopes to accomplish PC. Coordination methods include
establishing a formal organization that spearheads coordination across a geographic area, using
software or mapping to organize project data entered by various agencies so schedules can be
coordinated, convening coordination meetings to discuss project activities (e.g., lane closures),
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or jointly establishing performance goals for a corridor and collaborating to monitor and
meet them.

Coordination with emergency responders is vital when planning and scheduling work
zones. It is important for police, re, and emergency medical service agencies to be aware of
alternative routes around work zones and possible congestion points. These agencies should
also have their own plans for how best to respond to incidents in work zones.

7.7 Design Features and Requir ements

According to the FHWA Guide to Project Coordination for Minimizing Work Zone Mobility
Impacts (Theiss, Ullman, and Moinet 2016), establishing a formal PC process typically consists
of ve major steps, with a feedback loop between the last two steps {Figure

Stepl. Establish the visionThe vision needs to begin with, or at least be supported by,
agency upper management, as coordination efforts can sometimes require changing contract

Figure 7.1. Process ow for steps to establish a regional PC process.
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language, reallocating staff resources, and forging a cooperative relationship with other

regional agencies and stakeholders. Toward this end, it may be necessary to develop formal

memorandums of understanding between stakeholders to obtain their commitment to the

PC efforts. A coordination committee that includes decision makers with authority to speak

on behalf of their agencies or entities is also needed. These individuals may come from

several areas of the organization, such as construction, maintenance, design, operations,
traf ¢c engineering, contract administration, and public information.

Step2. Develop coordination detailsData on expected roadway and traf ¢ conditions,

such as travel times, traf ¢ volumes and capacities, and the vehicle and load sizes that can

be accommodated, are usually needed. The coordination committee will need to identify

tools that allow the committee to plan, monitor, and manage the projects effectively. These
may include analytical tools to estimate expected traf ¢ problems, databases to log key
information about each project or activity along a corridor or within a region, and visualiza-
tion tools such as geographic information system programs that can map the projects in
the database and make that map available to the various stakeholders in the region and at
regular committee meetings.

Step3. Educate and inform internal and external stakeholddtds important that project

staff understand the signi cance of coordination efforts that will occur and why they are being

implemented. It is also helpful to explain the decision-making process (and its underlying

data and analyses).

Step4. Implement the project-coordination proces#\t the corridor/regional level, it will

be necessary to schedule regular coordination meetings with all affected stakeholders. For

state agencies, this may involve multiple divisions and of ces (i.e., planning, construction,

maintenance, operations, permitting, and public information). The meetings will assess the
various projects in the corridor or region as the coordination committee moves through the
project-development process:

— Long-range assessment. Stakeholders can compare expected general traf c impacts and
anticipated schedules.

— Medium-range assessment. Stakeholders discuss and examine the traf c impacts, expected
project staging and sequencing, and anticipated letting dates in greater detail.

— Shott-term or current project assessment. Stakeholders examine and coordinate upcoming
day-to-day scheduling of lane closures and other bottlenecks created, to minimize travel
impacts as best possible.

These scheduled meetings are also an opportunity for the agency to update the tracking
databases and tools to ensure information is current.

Step5. Re ne the processThe nal step is to re ne the PC process as the stakeholders

become more comfortable with the efforts, understand what is working well, and identify

what needs to be revised. Early on, this re nement may be fairly extensive and involve changes
to committee and subcommittee structure and staff involvement. Over time, the re nements
may become less frequent and less substantial.

7.8 State of the Practice

PC is an innovation promoted by the FHWA’'s SWZ, a part of Round 3 of the EDC initiative
(EDC-3). Work completed under TRB’s second Strategic Highway Research Program has
yielded an optimization tool to help in the sequencing effort. As of this writing, the Work Zone
Impact and Strategy Estimator (WISE) software is currently undergoing demonstration testing
and is available to those interested in applying it to their situation. Many resources, including
training and outreach materials, peer exchanges, WISE software, and workshops are available
on the Smarter Work Zones page at the National Work Zone Safety Information Clearinghouse
(https://lwww.workzonesafety.org/swz/).
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The FHWA Of ce of Operations, Work Zone Management Program website lists examples
of how cities and regions have successfully coordinated projects and their associated bene ts
(http://ops.fhwa.dot.gov/wz/construction/crp/index.htm).

7.8.1 DDOT Improving I-295/DC-295 Pr  ojects

Figure7.2 shows the ve active projects DDOT has as of this writing between South Capitol
Street SEBnd East Capitol Street SE along [-295/DC-295.

All of these projects have site-speci ¢ TTC plans, which may differ in relation to the main line
(1-295/DC-295) by type and time of day. In addition, 1-295 varies from two lanes at the southern
end to three lanes north of Malcolm X Avenue SE. Thus, daily ongoing roadway restrictions
(lane closures, barriers, etc.) and other work zone operations across the entire 1-295/DC-295
Corridor present increased risks to roadway users. All of these unexpected conditions, combined
with other driver distractions (not related to the work zone) present challenges for the driver
to navigate the 5 mi of [-295/DC-295 that will be in a constant state of construction between
2019 and 2021.

To improve mobility and safety, DDOT developed a one-stop web site with information
on closures and changes affecting motorists, bicyclists, and pedestrians (https://www.improving
295dc.com/). DDOT also assigned a project coordinator to conduct weekly PC meetings with
all project maintenance of traf ¢ leads and public outreach liaisons to discuss upcoming work
activities, lane closures, con icts, and other project-related issues and concerns. All individual
project teams expressed concern about vehicle speeds through their project limits during these
meetings; consequently, DDOT lowered the speed limit on the corridor.

7.8.2 Work Zone Impact and Strategy Estimator

Through Round 3 of EDC, FHWA encourages adoption of road PC to minimize the effects
of work zones.

WISE was created to support planning and scheduling of work zones at the regional program
(mesoscopic) level along multiple highway routes within a corridor or network. WISE offers a
proactive alternative that relies on traf ¢ data in the form of transportation-planning dynamic
traf c assignment models—speci cally through the simulation-based dynamic traf ¢ assignment
DynusT software. WISE is designed to consider projects that create traf c impacts for at least a
few weeks; it is not generally intended to consider very short term construction or maintenance
projects lasting less than a week.

In practice, WISE is a decision-support system for use by planners and engineers to help
them evaluate the traf c effects of work zones and better schedule or sequence a set or program
of projects and determine other strategies to reduce adverse effects. WISE has the capability
to evaluate the regional effect of various strategies, such as day/night operations, acceleratec
construction techniques, and traveler/community information campaigns. WISE evaluates
renewal projects at both the planning and the operations levels. When used as a planning tool,
WISE develops an optimized renewal programming schedule that minimizes the total cost of
delays to the public and agency construction costs. When used at the operational level, it evalu-
ates the effect of individual strategies at the project level and provides results that can then be
used as part of an iterative procedure with the planning analysis.

7.8.3 Michigan DOT One Corridor Focus

Through its One Corridor Focus initiative, MDOT manages work zones along key corridors
as a single unit rather than discrete projects, which enables the DOT to better mitigate travel time
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Figure 7.2. 1-295 project map (Credit: DDOT).
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delay during construction and maintenance activities. The One Corridor Focus began as a result
of lengthy travel delays resulting from 19 concurrent reconstruction projects on Interstate 94
in 2010, a corridor that stretches 280through three MDOT regions. MDOT uses several
methods to manage and coordinate road projects along key corridors, including establishing
goals and measuring performance during construction, applying consistent work zone standards,
and coordinating with stakeholders throughout planning and construction.

7.9 Cost

The main cost is generally the time involved for the DOT-assigned project coordinator,
which can vary from $50,000 to $200,000 per year. Costs tend to be higher when a DOT has ve
or more complex projects within a short segment of roadway, which may require a full-time
coordinator.

7.10 Resources and Refer ences

Boudreau H., and B. Schroeder. Commonwealth Avenue Analysis and Public Outreach, Massachusetts Departmel
of Transportation, Work Zone Safety Conference, Septeh#h2018.

Brookes, C., M. Kapitanov, and J. Paracha. Michigan Department of Transportation Project Coordination on the
1-94 Corridor, Smarter Work Zones Project Coordination Case Study, FHWA, 2010.

DDOT. Improving 295 DC, 1-295 / DC-295 Corridor Project Limit, District Department of Transportation, 2018.

FHWA Every Day Counts (EDC) Initiative: Smarter Work Zones, Project Coordination web page. https://www.
workzonesafety.org/swz/swzproject-coordination/.

Kapitanov, M., and J. Paractimportance of Diverse Stakeholder Engagement to Project Coordination Efforts,
Smarter Work Zones Project Coordination, FHWA, Year 2011.

Luttrell, T.B., and KA. Duffy. Highway Construction Coordination to Minimize Traf ¢ Impacts. AASHTO,
August2006.

Owen, H., D. Morena, and T. Scriba. Work Zone Corridor Management in Michigan, Optimizing Performance
Mobility and Safety Making Work Zones Work Better, FHWA-HOP-13-052, FHWA, U.S. DOT, Summer
2013.

Theiss, L., G. Ullman, and A. Moinet. Guide to Project Coordination for Minimizing Work Zone Mobility Impacts,
FHWA-HOP-16-013, FHWA, U.S. DOT, Ap2016.
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CHAPTER

Alternative Contracting
and Construction Strategies

Contracting strategies refer to the contractual agreements used to accelerate construction
completion of transportation projects. A contracting strategy is the combination of the delivery
method, the procurement procedure, and the payment provision.

The traditional strategy, and in most cases the ideal choice, to contract a project is the
design—bid—build (DBB) delivery method, a low-bid procurement procedure, and a unit-price
payment provision. However, this traditional approach may not provide the best value for all
project types, especially for traf c-critical projects that require a quick changeover from the
design into the construction stages. In such instances, state DOTs have started implementing
alternative contracting methods (ACMs) to yield time savings during the procurement or
construction phases (or both). This section discusses the following ACMs:

Design—build

Construction manager/general contractor
Cost-plus-time (A B) bidding selection method
Incentive/disincentive clauses

No-excuse incentives

Lane rental

Value engineering

Accelerated bridge construction

Accelerated construction is the use of special materials and techniques to reduce the time it
takes to rehabilitate or reconstruct a roadway. Examples of accelerated construction strategies
include the following:

Precast modular concrete road panels and bridge elements (e.g., culverts, bridge deck slabs,
pavement slabs).

High early-strength concrete.

Self-propelled modular transports (SPMTS) to quickly replace an existing bridge with one
fabricated completely off site.

Hot in-place asphalt recycling.

Accelerated bridge construction (ABC) is presently the most common form of project-level
accelerated construction and is also discussed in this section.

8.1 Design-Build Contracting Method
8.1.1 Description

Design—build (D-B) is a delivery method in which one entity (the design—builder) is awarded
a single contract for design and construction services. In this method of project delivery,
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the design is often broken into packages or segments, allowing construction to begin on portions
of the project while other elements are still being designed.

8.1.2 When to Use
The D-B method is not suited for every project. This method works best for

Projects that need to be “fast-tracked” or expedited;

Projects that allow for innovation in design and construction;

Projects with funding deadlines that traditional DBB delivery may not be able to meet;
Emergency projects;

Projects with a clearly de ned scope, design basis, and performance requirements;
Projects with low possibility for signi cant change during all phases of work;

Projects with low risk of unforeseen conditions;

Projects with a complete National Environmental Policy Act process;

Projects that require minimal or no ROW acquisition and limited utility relocation; and
Projects that can use best-value procurement or other methods tailored to bene t the speci ¢
needs of a project.

CDOT and WSDOT have developed formal guidance on how to select a project-delivery
method from the three common delivery methods of DBB, D-B, and CM/GC.

CDOT and the University of Colorado developed the Project Delivery Selection Matrix
(PDSM) to provide a risk-based and objective selection approach to comparing and choosing
the most suitable project-delivery method. Use of the PDSM is expanding throughout the
transportation industry, as it is increasingly being used by other state DOTs. More information
on the PDSM can be found in Section 12.4 of this guidebook. The PDSM, a list of CDOT projects
that used the PDSM, and the project comparison results are provided on the CDOT PDSM web
page (https://www.codot.gov/business/designsupport/adp-db-cmgc/pdsm).

Using CDOT'’s PDSM as a foundation, WSDOT developed the Project Delivery Method
Selection Guidance (PDMSG). The PDMSG is available at https://www.wsdot.wa.gov/
construction-planning/project-delivery/method-selection-guidance. More information on the
PDMSG can be found in Section 12.6.

8.1.3 Benets

The main bene t of D-B is that it allows the design and construction phases to overlap,
thereby reducing project completion time. Other advantages of the D-B method include the
following:

Allows for greater innovation in selecting design, materials, and construction methods.
Reduces claims resulting from design errors.

Allows for a single contract that addresses quality, costs, and schedule from design through
construction.

Offers price certainty, as construction cost is known and xed during design.

Allows for a shortened project-delivery time that can reduce user costs.

Requires less DOT expertise and fewer resources.

8.1.4 Expected Effectiveness

Multiple studies have evaluated the effectiveness of D-B as a delivery method. However,
because of variations in project scope and dif culty in identifying comparable DBB projects
for use as baselines, these studies produced highly variable results.
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The results of an internal FDOT study conducted in March 2014 indicated that using the D-B
approach to deliver a $55 million and 814-day project resulted in a cost savings of $6,457,345 and
total time savings of 6%fays compared with using DBB (https://www.fdot.gov/construction/
DesignBuild/DBGeneral/GenerallnfoMain.shtm).

A 2006 FHWA study on D-B projects, completed under Special Experimental Project No. 14,
AlternativeContracting (SEP-14), reported the following:

Average 1gercent time savings for D4&ojects when compared with DBB schedule
estimates and afrcent reductionn total cost (based on survey respondent estimates).
Average reduction of dercent between planned and actual construction duration based on
actual data for the surveyed D-B projects. In contrast, comparable DBB projects showed an
averagéncrease of more than percent inactual construction duration.

In 2007, FDOT conducted a comprehensive evaluation of its ACMs (&lligea7). FDOT
obtained performance data for all its constructed projects completed between January 1998
and March 2006. The project database included 3,130 projects, of which 1,160 used ACMs.
The evaluation compared the performance of each ACM to the traditional DBB contracting
performance. Project performance evaluation focused on four key areas: (1) cost, (2) time,
(3) contractor performance, and (4) value contribution. The following are the most signi cant
ndings of this evaluation:

Cost. Average cost growth for projects using ACMs wasp&0ént compared with
9.36percent for traditional DBB projects (excluding incentive costs). D-B projects had a
cost growth of 4.4percent.

Time. Average time growth for projects using ACMs was get8nt compared with
16.47percent fortraditional DBB projects.

8.1.5 Crash Modi cation Factor

A CMF is not applicable; however, alternative contracting and construction strategies
reduce construction time and impact to motorists and workers, which improves overall work
zone safety.

8.1.6 Implementation Considerations

D-B projects can utilize either a one-step or two-step selection process. In a one-step process,
a request for proposal (RFP) is issued to a number of participants, and any and all parties can
respond to this RFP with a proposal.

In the two-step D-B process, a request for quali cations (RFQ) is rst issued to a number of
participants. Those participants then respond with a statement of quali cations explaining their
experience and their capability to perform the work. From the statements of quali cations,
a short list of the three to ve most quali ed respondents is determined. The RFP is then issued
only to the short-listed rms, which then develop a full proposal including cost, schedule,
and technical responses to the RFP.

The proposal most advantageous to the project owner from both cost and technical aspects
is then awarded, using either a “low-bid” or a “best-value” selection process. For a low-bid
selection, the D-B contract is awarded to the lowest responsive and competent bidder. Best-
value selection permits the consideration of additional factors, such as experience, quali cations,
innovation, technical approach, quality-control methods, and project management.

A D-B project requires extensive work to develop an RFQ and RFP. Typically, state DOTs
have hired consultants to assist in this effort.
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8.1.7 Design Features and Requir  ements

Suf cient preliminary engineering (3@ercent) needs to be performed before an agency
can executa D-B contract. Project scope needs to be clearly de ned. ROW limits and acqui-
sition processes are required to be well under way to minimize delays to the contract. Another
standard practice is to require the agency to complete environmental processes, such as those
mandated under the National Environmental Policy Act, before moving into the RFP stage
of procurement.

8.1.8 State of the Practice

According to the Design—Build Institute of America, as of January 2019, D-B is a limited option
in only seven states—Alabama, lowa, New Jersey, New York, North Dakota, Pennsylvania, and
Wisconsin. D-B is widely permitted in the rest of the states and the District of Columbia.

D-B is institutionalized and extensively used by state DOTs of Colorado, California, Florida,
Michigan, Minnesota, Ohio, Utah, and Washington. Examples of D-B projects are widely
available on the state DOT websites and are not repeated here to avoid duplication. Instead,
readers are requested to refer to the following state web pages for more information on D-B
case studies.

The CDOT Alternative Delivery Program web page (https://www.codot.gov/business/
designsupport/adp-db-cmgc) includes summaries of active and completed projects that
were delivered using D-B or CM/GC. The web page also includes lessons learned from D-B
and CM/GC projects.

The Caltrans D-B Program web page (https://dot.ca.gov/programs/design/design-build-
program) provides example summaries of two projects that were delivered using D-B. The
reasons for selecting the D-B approach are also listed as part of the project summaries.

The FDOT Construction web page (https://www.fdot.gov/construction/DesignBuild/AllSites/
DesignBuildSites.shtm) provides information on current and planned D-B projects. Also
included is a summary of D-B projects, which is updated quarterly.

The MDOT Innovative Contracting web page (https://www.michigan.gov/mdot/0,4616,7-
151-9625 21539 53226---,00.html) lists future, active, and completed projects that will be
delivered using either D-B or CM/GC.

The MnDOT D-B web page (https://www.dot.state.mn.us/designbuild/index.html) provides
information on completed, active, and future projects delivered using the D-B approach.

The ODOT Alternative Project-Delivery web page (http://www.dot.state.oh.us/Divisions/
ConstructionMgt/design-build/Pages/Design_Build.aspx) provides information on upcoming
D-B projects, as well as examples of past D-B projects that were awarded using both least cos
and best value.

The UDOT Innovative Contracting web page (https://www.udot.utah.gov/main/f?p=100:
pg:0::::V,T:,4552) provides information on completed and future D-B and CM/GC projects.
Additional information such as laws, rules, policies, guidelines, and RFP templates can also
be found on this web page.

In addition, the FHWA ACMs Library web page (https://www.fhwa.dot.gov/construction/
contracts/acm/) provides several D-B resources including state DOT legislation, state DOT
D-B project website links, manuals of instruction, and proposal templates. Case studies of
D-B projects can be found on the FHWA SEP-14 Active Project List (https://www.fhwa.dot.
gov/programadmin/contracts/sepl4list.cfm) and on the FHWA Center for Innovative Finance
Support D-B web page (https://www.fhwa.dot.gov/ipd/alternative_project_delivery/de ned/
new_build_facilities/design_build.aspx).
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8.1.9 Cost

D-B is a planning strategy and there is no separate cost for its implementation. The costs
associated relate to in-house or consultant-staf ng resources to develop and manage a project.

8.1.10 Resources and Refer ences

CaltransAlternative Procurement Guide, California Department of Transportation, April 2008.

Ellis, R., J.-H. Pyeon, Z. Herbsman, E. Minchin, and K. MoldBealuation of Alternative Contracting Techniques
on FDOT Construction Projects, Final Report, Florida Department of Transportation, July 2007.

FDOT. Design—Build and Design—-Bid—Build: Comparison of Overall Cost anthiemal FDOT Study,
March 2014.

FHWA. Design-Build Effectiveness Study, As Required by TEA-21 Section 1307(f), January 2006.

MDOT. Innovative Construction Contracting Guide, Michigan Department of Transportation, Sept@@ibér

Minchin, E., L. Ptschelinzew, G. Migliaccio, U. Gatti, K. Atkins, T. Warn, G. Hostetler, and S. Asiamah. NCHRP
Report 787: Guide for Design Management on Design-Build and Construction Manager/General Contractor
Projects. Transportation Research Board of the National Academies, Washington, D.C., 2014.

Turner-Fairbank Highway Research Center. Alternative Contracting Method Performance in U.S. Highway
Construction, FHWA-HRT-17-100, FHWA, U.S. DOT, April 2018.

UDOT. Alternative Contracting Process, SEP-14 Construction Manager General Contractor, Annual Report 2011,
Utah Department of Transportation, February 2012.

UDOT. Best Value Design-Build Selection Manual of Instruction, Utah Department of Transportation, October
2017.

8.2 Construction Manager/General Contractor
8.2.1 Description

The construction manager/general contractor (CM/GC) project-delivery method allows an
owner to engage a construction manager (CM) during the design process to provide construc-
tability input. The design rm and the CM are contractually required to work together during
the design phase to create a project that is potentially less expensive and is quicker and easier to
construct. Some state laws refer to the CM/GC delivery method as the construction-manager-
at-risk method.

8.2.2 When to Use

Projects best suited for the CM/GC process include complex components that require
innovation, or “thinking out of the box,” and are typically located in urban areas. Other projects
that are a good t for the CM/GC process are projects that have public involvement or include
ROW or utility issues that affect the overall schedule.

The CM/GC is less suitable for straightforward projects, projects with an easily de ned scope
and low risk, and projects that lack schedule sensitivity.

CDOT and WSDOT have developed formal guidance on how to select a project-delivery
method from the three common delivery methods of DBB, D-B, and CM/GC.

CDOT and the University of Colorado developed the PDSM to provide a risk-based and
objective selection approach to comparing and choosing the most suitable project-delivery
method. Use of the PDSM is expanding throughout the transportation industry, as it is increasingly
being used by other state DOTs. More information on the PDSM can be found in Section 12.4
of this guidebook. The PDSM, a list of CDOT projects that used the PDSM, and the project
comparison results are provided on the CDOT PDSM web page (https://www.codot.gov/business/
designsupport/adp-db-cmgc/pdsm).
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Using CDOT’s PDSM as a foundation, WSDOT developed the PDMSG. The PDMSG is
available at https://www.wsdot.wa.gov/construction-planning/project-delivery/method-selection-
guidance. More information on the PDMSG can be found in Section 12.6.

8.2.3 Benets

The CM/GC method is based on team building and cooperation between the project owner,
the design rm, and the CM from the beginning of the project’s conceptual design through
nal construction. CMs can reduce occurrences of change orders, project construction delays,
and increased project costs by preventing these obstacles in the design phase instead of dealin
with them in the construction phase. The CM will thus need the ability to input constructability
reviews, construction phasing, material availability, and cost estimating throughout the design
process.

Use of the CM/GC delivery method provides the following bene ts:

Allows fast-tracking of design and construction activities, resulting in time savings.

Allows for innovation and constructability recommendations during design, but the agency
retains signi cant control over the design.

Enables the CM/GC to invest more in cost engineering and constructability reviews once
guaranteed maximum price (GMP) is established, thus minimizing risks.

Fixes project costs and completion responsibility.

Reduces design costs by reducing the amount of detail required and by focusing the pre-
construction early design effort on constructible solutions.

8.2.4 Expected Effectiveness

Caltrans has reported $80 million in cost avoidance by using CM/GC for ve projects in
FY 2017-18 (Tab&1).

Table 8.1. Caltrans CM/GC projects for FY 2017-18.

Work Construction
Project Name Description Capital Costat | Project Savings
Contract Award
Highway Fadility Re habilitation , Recongructi on, or Replacement Projects Implemented by Caltrans

SBD58 Kramer Junction Highway $165245,000 $41,%6,000
Innovation: Earthwork and landape chares Redign ment

SBD 215 Barton Rd IC Interchange $47,41000 $3,203,000
Innovation: Project stagingemporary facility Reconstruction

changesand elimination of items

Subtotal for projects implemented by Caltrans $212646,000 $44,459,000
Nonrehabilitati on, Remnstruction , or ReplacementProj ects Implemented by Others

ALA 80 BayBridge Foundation $44,009000 $4,388,000
Innovation Revisedpile and conete requirements Removal

SD 5 North Coast Carridor , package 2 HOV Lanes $93,21000 $31,(60,000

Innovation: Earthwok, use ¢ on-site material
plants and material i®ycling plants

SD 5 North Coast Carridor, package 3 HOV Lanes $5,330,00 $818000
Innovation: Changed aesthetieatment and
fencing
Subtotal for projects implemented by oth ers $143230,000 $36,%56,000
Totals for all Transporta tio n Projects $355876,000 $80,725,000

N\a R: CM/GC = construction manager/gegral contractor.
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8.2.5 Crash Modi cation Factor

A CMF is not applicable; however, alternative contracting and construction strategies
reduce construction time and impact to motorists and workers, which improves overall work
zone safety.

8.2.6 Implementation Considerations

The selection of the design rm is the initial step during the early stages of the project.
The design rm is typically contracted through project completion, which includes site-investi
gations, alternative analyses, cost estimates, detailed design, construction bid documents, and
department-related construction-management services.

The CM is selected on the basis of quali cations, past experience, or best value. The owner
advertises an RFP when the scope and schedule are known, typically before the preliminary
design (i.e., 3Percent) iscomplete. The CM submits a response to the department’'s RFP.
The CM is contracted for the design phase to provide input regarding construction phasing,
constructability reviews, cost estimating, scheduling, and other feedback.

At substantial design completion ( §@ercent), the owner and the CM negotiate a GMP
to construct the project based on the de ned scope and schedule. If this price is acceptable to
both parties, they execute a contract for construction services, and the CM becomes the general
contractor.

Major risks and disadvantages of a CM/GC delivery method include the following:

The project price is negotiated with a CM and not competitively bid.

A designer may not include CM/GC.

Use of GMP may lead to a large contingency to cover uncertainties and incomplete design
elements.

Use of GMP can lead to disputes over the completeness of the design and contract changes.
CMI/GC design input does not necessarily translate into better design quality.

8.2.7 Design Features and Requir  ements

Under the CM/GC delivery method, the project owner selects a CM/GC rm to perform
preconstruction and construction-management services. During the design phase, the CM/GC
rm acts in an advisory or management role. The rm provides constructability reviews, value
engineering suggestions, construction estimates, and other construction-related recommenda-
tions. At some point on or before design reachep&ftent completion, thagency and the
CM/GC rm negotiate a GMP, which is primarily based on the partially completed design and
includes the CM/GC cost estimate for the remaining design elements.

Once the GMP is established, the CM/GC rm starts the construction phase, thus allowing
the design and construction phases to overlap. During construction, the CM/GC rm acts
as a general contractor and performs contractually obligated work. The contractor holds the
construction contract and risk for any construction costs that exceed the GMP.

8.2.8 State of the Practice

CM/GC is frequently used by the state DOTs of Colorado, California, Michigan, Minnesota,
and Utah. Examples of CM/GC projects are widely available on the state DOT websites and
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are not repeated here to avoid duplication. Instead, readers are requested to refer the following
state web pages for more information on CM/GC case studies:

The CDOT Alternative Delivery Program web page (https://www.codot.gov/business/design
support/adp-db-cmgc) includes summaries of active and completed projects that were
delivered using D-B or CM/GC. The web page also includes lessons learned from D-B and
CM/GC projects. CDOT began using CM/GC in 2009 and has, as of this writing, used CM/GC
to deliver more than 15 projects.

The Caltrans CM/GC Program web page (https://dot.ca.gov/programs/design/contract-
manager-general-contractor) provides example summaries of projects delivered using a CM/GC
approach. The reasons for selecting CM/GC are also listed as part of the project summaries.
The MDOT Innovative Contracting web page (https://www.michigan.gov/mdot/0,4616,7-
151-9625 21539 53226---,00.html) lists future, active, and completed projects that will be
delivered using either D-B or CM/GC.

The MnDOT CM/GC web page (http://www.dot.state.mn.us/const/tools/const-manager-
general-contractor.html) provides information on completed, active, and future projects
delivered using the CM/GC approach.

The UDOT Innovative Contracting web page (https://www.udot.utah.gov/main/f?p=100:pg:
0::::V,T:,4552) provides information on completed and future D-B and CM/GC projects.
Additional information such as laws, rules, policies, guidelines, and RFP templates can also
be found on this web page.

In addition, the FHWA ACMs Library web page (https://www.fhwa.dot.gov/construction/
contracts/acm/) provides CM/GC resources, including state DOT legislation, state manuals of
instruction, and proposal templates.

Case studies of CM/GC projects can be found on the FHWA SEP-14 Active Project web page
(https://lwww.fhwa.dot.gov/programadmin/contracts/sepl4list.cfm).

8.2.9 Cost

CMI/GC is a planning strategy and there is no separate cost for its implementation. The costs
associated relate to in-house or consultant-staf ng resources to develop and manage a project.

8.2.10 Resources and Refer ences

ADOT. Construction Manager at Risk (CMAR). Intermodal Transportation Division, Arizona Department of
Transportation, September 2010.

AASHTO.Primer on Contracting for the Twenty-First Century, 5th ed., AASHTO Subcommittee on Construction,
Washington, D.C., 2006.

Anderson, SD., and |I. Damnjanovic. NCHRP Synthesis 379: Selection and Evaluation of Alternative Contract
ing Methods to Accelerate Project Completion. Transportation Research Board of the National Academies
Washington, D.C., 2008.

CaltransAlternative Procurement Guide, California Department of Transportation, 2008.

Harper, CM., D. Tran, T. McGuire, and K. Molenaar. Selecting a Procurement Procedure for Highway Con-
struction Projects. Presented at 93rd Annual Meeting of the Transportation Research Board, Washington,
D.C., 2014.

MDOT. Innovative Construction Contracting, Michigan Department of Transportation, April 2013.

Minchin, E., L. Ptschelinzew, G. Migliaccio, U. Gatti, K. Atkins, T. Warn, G. Hostetler, and S. Asiamah. NCHRP
Report 787: Guide for Design Management on Design-Build and Construction Manager/General Contracto
Projects. Transportation Research Board of the National Academies, Washington, D.C., 2014.

MnDOT. Innovative Contracting Guidelines, Of ce of Construction and Innovative Contracting, Minnesota
Department of Transportation, Saint Paul, December 2008.
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UDOT. Alternative Contracting Process: SEP-14 Construction Manager General Contractor. Utah Department of
Transportation Annual Report 2011, February 2012.

UDOT. Bene ts of Contract Manager/General Contractor (CM/GC), Utah Department of Transportation,
February 2009.

UDOT. Construction Manager General Contractor Selection: Manual of Instruction, Utah Department of
Transportation, June 2015.

8.3 Cost-Plus-Time (A+B) Bidding Selection Method
8.3.1 Description

Cost-plus-time, or A B, bidding uses a cost parameter (A) and a time parameter (B) to deter-
mine a bid value. The cost component (A) is the traditional bid for the contract items and is
the dollar amount for work performed under the contract. The time component (B) is the total
number of calendar days required to complete the project, as estimated by the bidder, multiplied
by an agency-determined daily RUC to translate time into dollars.

The bid for award consideration is based on a combination of the bid for the contract items
and the associated cost of the time according to the following formula:

A (B RUC/Day) Total Bid

This formula is only used to determine the lowest responsible bidder for award and is not
used to determine payment to the contractor.

8.3.2 When to Use

A B procurement is best suited for highway projects in urban settings with high volumes
of road users. Also, it is suitable for projects that severely affect local businesses during the
construction and for projects with a tightly constrained end date. Many state agencies use A B
bidding with incentive/disincentive (I/D) provisions as an additional motivation for contractors
to save time.

Examples of projects that could be considered for A B bidding include the following:

Widening projects for which permanent traf ¢ control is to be set up for an extended period
of time.

Projects that have multiple activities occurring, which don’t necessarily have to be done
sequentially.

Projects for which the contractor’'s presence or activities will affect traf ¢, regardless of
whether traf ¢ control is set up.

Projects that allow alternate solutions, when one solution may take signi cantly less time
to construct but designers are hesitant to specify a proprietary solution.

Projects in which innovative solutions by the contractor are sought (i.e., specialty work),
which may be beyond the designer’s expertise.

CDOT and the University of Colorado have jointly developed a Procurement Procedures
Selection Matrix (PPSM) to provide a risk-based and objective selection approach to choosing
a procurement procedure from the three common procurement criteria of low bid, best value,
and best quali ed. The PPSM is available on the CDOT website at https://www.colorado.edu/
tcm/procurement-procedure-selection-matrix. More information on the PPSM can be found
in Section 12.5.
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8.3.3 Benets
The use of A B contracting provides the following bene ts:

Reduces construction-induced congestion and delays.

Encourages bidders to develop more detailed and well thought out plans.

Encourages contractors to develop innovative means of reducing overall construction time
at the lowest cost.

Encourages contractors to schedule construction operations in a manner that maximizes the
ef ciencies of crews and equipment.

Encourages the contractor to nd ways to make up for days lost to weather.

Reduces complaints related to congestion from road users and local communities.

Lessens environmental impacts and reduces pollution related to construction.

8.3.4 Expected Effectiveness

Kent (2008) summarized the performance results of 120 NYSD@®@TbAlding projects
worth almost $2 billion:

On average, contractors bid @2rcent less than the agency’s estimated time and completed
aheadf schedule.

NYSDOT awarded 90 of the 120 contracts to the low A portion bidder (i.e., the bidder with
lowest A B total also had the lowest A portion contract amount). The agency awarded the
other 30 contracts to a bidder with a higher A cost and a shorter B duration. The added A cost
of these 30 contracts was less thpertent.

103 contractors earndadcentives and shared total incentive payments of $49,069,174.
Total incentives paid were approximately gescent of original contract value for these

103 contracts.

The agency ned 8 contractors for not completing projects on time (i.e., disincentive). The
total cost of nes was $592,000.

59 contractors asked for and received adjustments to the B portion of the contract because of
circumstances outside of their control.

Cost saving was estimated to be $246 million.

Construction time saved was estimated to be 2@apa

The lowa DOT used A bidding—in combination with other strategies—to reduce-con
struction time from 2/ears to Year on the 24th Street-1-29/80 Interchange Bridge replacement
project in Council Bluffs in 2009. B was selected to reduce the project-delivery time and
open all lanes on the new bridge within one construction season (April-October).

8.3.5 Crash Modi cation Factor

A CMF is not applicable; however, alternative contracting and construction strategies
reduce construction time and impact to motorists and workers, which improves overall work
zone safety.

8.3.6 Implementation Considerations

An issue to consider with B8 bidding is the potential for project costs to increase. State
agencies will need to consider that shortening the duration of a project will cost a premium
related to acceleration, aggressive management of subcontractors, the use of specialty equipment
or a combination of any of the three. For example, a bidding rm may see an opportunity to
reduce the total effects on a project with a shorter duration solution that increases the primary
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cost items, but in return would reduce the impact on overall traf ¢ control cost. However,
a bidding rm would not likely bid the shorter duration, as savings associated with traf ¢ control
are not shared with the rm. To avoid this situation, state DOTs may implement incentive/
disincentive clauses.

8.3.7 Design Features and Requir  ements

According to Caltrans (2002), other than a few speci ¢ exceptions, projects that agencies
should consider for A B bidding are those having an estimated cost of $5 million or more and
a daily RUC of $5,000 or more. Once the agency establishes these parameters, the project engi-
neers establish a maximum number of construction days for bids to be considered responsive.
Any bids that exceed this amount are considered unresponsive and are discarded. Next, the
project engineers determine the daily RUC for the time portion of the bids.

To evaluate the proposals, the agency will multiply the estimated duration of construction
by the RUC to create the time portion of the bid. This B value is added to the project cost
(the A portion) to generate the total bid. Caltrans will award the contract to the rm with the
lowest total A B.

8.3.8 State of the Practice

Under SEP-14, 29 States (Arkansas, California, Colorado, Delaware, Georgia, Idaho,
Indiana, lowa, Kentucky, Maine, Maryland, Michigan, Minnesota, Mississippi, Missouri,
Nebraska, Nevada, New York, North Carolina, North Dakota, Oklahoma, Pennsylvania,
South Carolina, Texas, Utah, Vermont, Virginia, Washington, and Wisconsin) and the District
of Columbia have used the A B method.

The FHWA Highways for Life Demonstration Program web page (https://www.fhwa.dot.gov/
h /projects/) provides a list of projects that used the A B approach.

8.3.9 Cost

A B is a planning strategy and there is no separate cost for its implementation. The costs
associated relate to in-house staf ng resources to develop or manage a project, or both.

8.3.10 Resources and Refer ences

Anderson, SD., and JS.Russell. NCHRP Report 451: Guidelines for Warranty, Multi Parameter, and Best
Value Contracting. TRB, National Research Council, Washington, D.C., 2001.

CaltransGuidelines for Use of B Bidding Provision, California Department of Transportation, September
2002.

Kent, D. Innovative Contracting Techniques That Consider Driver Impact, B®&idfdkg, New York State
Department of Transportation, 2008.

Mallela, J., and S. Sadasivam. Work Zone Road User Costs: Concepts and Applications, FHWA-HOP-12-005,
FHWA, U.S. DOT, 2011.

WSDOT.A B Bidding, Washington Department of Transportation, 2014.

8.4 Incentive/Disincentive Clauses
8.4.1 Description

An incentive is a contracting provision that compensates the contractor a speci c amount
of money for each day that critical work is completed ahead of schedule or for achieving
set goals. A disincentive assesses a fee for each day identi ed that the contractor overruns the

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

144 Strategies for Work Zone Transportation Management Plans

speci ed time or for failing to achieve set goals. Contracts may pair these two provisions in an
incentive/disincentive (I/D) clause.

8.4.2 When to Use
Preferred candidate projects for I/D use are the following:

Projects on high traf c-volume facilities, generally in urban areas.

Major reconstruction or rehabilitation that will severely disrupt traf c on a facility.
Projects with lengthy detours.

Projects with critical completion dates.

Projects that involve nighttime construction.

Projects with signi cant road-user delay costs or community or local business impacts.

I/D use is not suitable for

Projects with open-to-traf ¢ constraints, such as weekends to accommodate seasonal peak
volumes or extended periods for special events, which signi cantly limit the number of work
hours or days per week.

Projects with third-party coordination concerns, such as utility relocations.

Pyeon and Lee (2012) developed a systematic procedure to determine appropriate I/D dollar
amounts using the Construction Analysis for Pavement Rehabilitation Strategies (CA4PRS)
scheduling tool. The procedure is shown in Figufeand brie y summarized in the follew
ing steps:

Step 1. Set up a schedule baseline based on CA4PRS schedule analysis.

Step 2. Evaluate the impact of the work zone on the traveling public, especially RUC based
on CA4PRS traf ¢ analysis.

Step 3. Estimate the contractor’s cost for additional resources for I/D acceleration and the
contractor’'s savings from schedule compression. Also, estimate the contractor’s savings in
eld-operation cost by using project duration reduction results from the schedule acceleration.
Step 4. Estimate the agency’s cost savings from schedule compression.

Step 5. Use sensitivity analysis to determine the reasonable value of discount factors to split
I/D bene ts and costs between the contractor and the agency.

Step 6. Make a decision on the I/D implementation based on the comparison of savings for
the contractor (i.e., additional acceleration cost savings and eld-operation cost savings) and
bene ts to road users and the agency from schedule compression.

Step 7. Set up a daily incentive amount and a maximum incentive amount based on Steps 1-6,
as well as project budget constraints.

Step 8. Set up a daily disincentive amount and a maximum disincentive amount based on
the previously described procedure and parameters.

8.4.3 Benets
The use of I/D clauses provides the following bene ts:

Earlier project completion or open-to-traf ¢ date.

Minimizes impacts to motorists and the community.

Improves worker safety.

Reduces road-user delay costs.

Encourages contractor ef ciency and productivity.

Provides disincentives for failing to meet contract completion or open-to-traf ¢ date.
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Figure 8.1. Flowchart of systematic procedures for determination of
I/D dollar amount.
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8.4.4 Expected Effectiveness

Sun, Edara, and Mackley (2012) examined the effectiveness of 20 MoDOT I/D contracts
from 2008 to 2011 and evaluated the extent to which they mitigated work zone traf c effects.
In considering an average project, the percentage of RUC savings was apenedritdf the
total contract amount, or $444,389 of $3,464,620. The net RUC savings were about $7.2 million
after subtracting the approximately $1.7 million paid in incentives. In other words, every dollar
paidin incentives resulted in approximately $5.30 of RUC savings.

Ellis etal. (2007) performed a comprehensive quantitative evaluation on FDOT construction
projects. A total of 144 1/D projects were evaluated and compared with traditional DBB, non-1/D
contracting projects. The quantitative project cost and time evaluation results indicated that 1/D
projects showed average time savings op#écent butaverage cost overruns of Bedcent.

Arditi, Khisty, and Yasamis (1997) studied several projects for IDOT and found that
93.3percent of projects that used I/D provisions nished on time or ahead of schedule
compared with 41.4ercent thadid not use I/D provisions.

8.4.5 Crash Modi cation Factor

A CMF is not applicable; however, alternative contracting and construction strategies reduce
construction time and impact to motorists and workers, which improves overall work zone safety.

8.4.6 Implementation Considerations

All'I/D provisions are used in conjunction with liquidated damages. In other words, the
disincentive portion of an I/D provision consists of more than just the minimum agreed-to daily
engineering construction costs that will be recovered if a milestone or project is completed late.

RUC is the most common item included in both the incentive and disincentive rates for a
highway project. The total incentive amount available needs to be included in both the project
estimate and the programming, and the amount should be less than or equal to the associated
RUC (or a maximum of 5% of the estimated construction costs). The I/D assessment must be
large enough to motivate the contractor to work an accelerated schedule.

Agency costs can be higher for I/Ds because staf ng hours will be increased to monitor
contract time and impacts associated with excusable delays. Critical path—method scheduling
should be considered to facilitate tracking of time adjustments.

Time adjustments from change orders or delays can become a major source of dispute on
projects with I/D provisions. Calendar days should be used to avoid any potential for controversy,
with exceptions for weather and legal holidays.

8.4.7 Design Features and Requir  ements

As I/D is a contract provision, design features and requirements are not applicable to this
strategy.

8.4.8 State of the Practice

NCHRP Report 652: Time-Related Incentive and Disincentive Provisions in Highway Construc
tion Contracts (Fick ef. 2010) states that at least 46 states have had experience with contracts
involvingsome variation of I/D provisions.

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

Alternative Contracting and Construction Stratdg@ies

8.4.9 Cost

I/D is a planning strategy and there is no separate cost for its implementation. The costs
associated relate to in-house or consultant-staf ng resources to develop and manage a project.
However, agency costs for projects with I/D provisions can be higher because staf ng hours
will be increased to monitor contract time and impacts associated with excusable delays.

8.4.10 Resources and Refer ences

Arditi, D., J. Khisty, and F. Yasamis. Incentive/Disincentive Provisions in Highway Contracts, Journal of Construc-
tion Engineering and Management, 123, 1997, pp. 302-307.

Ellis, R., J. Pyeon, Z. Herbsman, E. Minchin, and K. Molenaar. Evaluation of Alternative Contracting Techniques on
FDOT Construction Projects, Final Report, Florida Department of Transportation, July 2007.

Fick, G., ET. Cackler, S. Trost, and L. VanzMCHRP Report 652: Time-Related Incentive and Disincentive
Provisions in Highway Construction Contracts. Transportation Research Board of the National Academies,
Washington, D.C., 2010.

Pyeon, J.-H., and B. Lee. Systematic Procedures to Determine Incentive/Disincentive Dollar Amounts for
Highway Transportation Construction Projects, California Department of Transportation, CA-MTI-12-2908,
June 2012.

Sillars, SN. Establishing Guidelines for Incentive/Disincentive Contracting at Oregon DOT, FHWA-OR-RD-07-07,
Oregon Department of Transportation, 2007.

Sun, C., P. Edara, and A. Mackley. Use of Incentive/Disincentive Contracting to Mitigate Work Zone Traf ¢ Impacts,
Midwest Smart Work Zone Deployment Initiative, InTrans Project 06-277, November 2012.

8.5 No-Excuse Incentives
8.5.1 Description

A no-excuse incentive (NEI) is a monetary incentive for early completion, for which the
contractor receives the bonus by completing the work on or before a drop-dead date that
cannot be adjusted for any reason. The contractor receives the full incentive payment for work
completed on or in advance of this date. There are no excuses for adjusting this date, including
utilities, permitting, change orders, weather, site conditions, or any other cause short of a natural
catastrophe. Conversely, the contractor is not assessed disincentives, aside from normal liqui-
dated damages, for not meeting the completion date. The incentive amount is based on RUC
and other costs that re ect the value to the agency and the public for nishing the project by
a certain date. NEI is also known as a locked incentive date or a no-excuse bonus.

8.5.2 When to Use
An NEI should be considered for use under the following situations:

Projects for which nishing early would provide some bene t but nishing late would cause
severe damages (e.g., projects with an arrangement of multiple construction contracts for
which nishing late would cause collateral effects to subsequent contractors, a road opening
to accommodate major traf c events).

Projects with critical completion dates, such as a major sporting event.

Projects with high RUC, impacts to the local and business communities, or both.

8.5.3 Benets
The use of an NEI provides the following bene ts:

Enables an earlier project completion or open-to-traf c date.
Minimizes impacts to motorists or the community.
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Improves worker safety.
Reduces road-user delay costs.
Encourages contractor ef ciency and productivity.

8.5.4 Expected Effectiveness

In 2010, MnDOT successfully used the NEI speci cation on six projects to deliver them within
the anticipated project schedule. MNDOT reported that NEIs motivated contractors to complete
the work instead of asking for time extensions, eliminated claims, and improved the working
relationship with MnDOT. Affected stakeholders were satis ed that MNDOT was able to meet
construction commitment dates and reduce construction impacts.

8.5.5 Crash Modi cation Factor

A CMF is not applicable; however, alternative contracting and construction strategies reduce
construction time and impact to motorists and workers, which improves overall work zone safety.

8.5.6 Implementation Considerations

An NEI provision remains as a nontraditional contracting techniqgue under SEP-14 and
requires FHWA approval before being used.

The total incentive amount available needs to be included within both the project estimate
and the programming, and it should be less than or equal to the associated RUC (or a maximum
of 5percent of the estimated construction costs). The bonus can be tied to milestones, a nal
completion date, or both.

An effective NEI provision will clearly state the incentive amount, all the relevant work items,
a substantial completion de nition, the unit of time used, and the no-excuse completion date.
The owner and the contractor need well-de ned time limits for submittals, reviews, and any
other administrative issues within the contract and the project schedule. Ambiguities will
complicate contract administration.

Utility schedules are crucial, requiring the utility companies to also increase staf ng or work
overtime. Contractors may commit to sharing bonuses with utility companies, subs, and others
to get these companies or groups to commit to working toward a bonus. Alternatively, the owner
may establish contingency funds to cover the increased workload.

8.5.7 Design Features and Requir  ements

As NEls are a contract provision, design features and requirements are not applicable to this
strategy.

8.5.8 State of the Practice

About 13 state DOTs (Alabama, Florida, Georgia, lowa, Massachusetts, Minnesota, Missouri,
North Carolina, Pennsylvania, South Carolina, Virginia, Wisconsin, and Wyoming) use NEI
provisions. Florida and Minnesota have used this provision to a greater extent than other states.

Case studies of NEI projects can be found on the FHWA SEP-14 Active Project web page
(https://www.fhwa.dot.gov/programadmin/contracts/sepl4list.cfm).

8.5.9 Cost

This strategy is an innovative contracting strategy and there is no additional cost to implement
this strategy.
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8.5.10 Resources and Refer ences

AASHTO.No Excuse Incentive Provisions Survey, AASHTO Subcommittee on Construction, Contract Adminis-
tration Section, Washington, D.C., May 2010.

MnDOT. Locked Incentive Date (LID) Evaluation Report, Minnesota Department of Transportation, December
2010.

8.6 Lane Rental
8.6.1 Description

Lane rental is a payment provision used by agencies to minimize the effects of a project on
the traveling public. It is a method of transferring roadway user costs to the contractor. The
contractor must rent a lane to close it. This creates a monetary incentive for the contractor to be
innovative and minimize the duration of lane closures.

The contractor makes decisions that consider the roadway user costs, both during the bid and
as the contract progresses. The contractor’s bid consists of a combination of the cost to perform
the work (component A) with the cost of the impact to the public (component B) to provide the
lowest cost to the public. By providing a more aggressive scheduling package, a contractor may
be able to gain a competitive advantage by decreasing the overall effect to the traveling public
and thereby reducing the amount for bid consideration.

8.6.2 When to Use

Lane-rental provisions are adequate in projects with long, unavailable, or impractical detours,
and when peak hour traf ¢ is adversely affected. Agencies should use lane-rental provisions
in projects that include multiple roads and high traf ¢ volumes, as well as some exibility
for intermittent or temporary lane closures, signi cant RUC, and high community and local
business impacts.

According to the MnDOTnnovative Contracting Guidelines (2008) and NCHRP Report 652
good candidates for the use of these provisions include projects that involve the following features:

Bituminous mill and overlay,
Grading,

Full-depth patching,
Diamond grinding,
Full-depth reclamation,
Cold recycle,

Guardrail projects (replacement and installation),
Sign upgrades,

Pavement marking,

Crack sealing, and

Signal systems.

8.6.3 Benets
The use of lane rental provides the following bene ts:

Helpful for contractors scheduling work to minimize traf ¢ restrictions in duration and lane
closures.

Ideal for projects that signi cantly affect the traveling public (i.e., reduces RUC).

Useful in major urban area projects and rural projects with agging operations.
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8.6.4 Expected Effectiveness

According to the MDOT Innovative Construction Contracting Guide (2015), lane-rental provi-
sions encourage contractors to set work schedules that keep lane closures to a minimum. FHWA
report Work Zone Road User Costs: Concepts and Applications (Mallela and Sadasivam 2011
recognizes that lane rental can accomplish the following:

Reduce work zone RUC.

Positively affect work zone safety.

Encourage contract ef ciency and productivity.
Better accommodate local traf ¢ ow.

8.6.5 Crash Modi cation Factor

A CMF is not applicable; however, alternative contracting and construction strategies reduce
construction time and impact to motorists and workers, which improves overall work zone safety.

8.6.6 Implementation Considerations

FHWA report Work Zone Road User Costs—Concepts and Applications identi es the following
disadvantages of lane-rental provisions:

Contractors are likely to plan work at night, which may reduce worker safety.
Project completion time does not necessarily decrease.

Additional agency resources are required.

Contract change negotiations become more dif cult.

Additional documentation and coordination are required.

The following factors are important when selecting lane rental for a project:

Traf c restrictions or lane closures with no (or limited) alternate routes result in a high
user cost.

The project is free of third-party con icts outside the control of the contract (e.g., right-
of-way, utility, environmental).

There is a high degree of con dence that design uncertainties have been addressed in the
plans.

A reasonable contractor can accurately schedule (and bid) the necessary lane closures to
complete the work as described.

“Closures” can be well de ned.

Opportunities exist to reduce closure times.

User fees are substantial enough to offset the cost of the effort to reduce the closure time.

Safety needs to be addressed with every lane-rental project. Plans and speci cations should
identify cases when lane closures will be required, decreasing the chance that contractors will
take safety risks to reduce lane-rental charges.

8.6.7 Design Features and Requir  ements

Lane-rental fee rates depend on the number and type of lanes closed and can vary for different
hours of the day. For example, the peak hour periods of 6:00 to 9:00 a.m. and 3:00 to 6:00 p.m.
could have an hourly rental fee of $2,000 for closing one lane, while a lane closed at any other
time could have a rental fee of $500 per hour.

The incentive for lane rental is limited to a maximum pé&Eent of the estimated construc
tion cost. The maximum incentive is determined and listed in the special provision for lane
rental as “Lane Rental, Incentive.” The incentive payment will be determined by subtracting
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from the contract lane-rental lump sum bid by the contractor the total lane-rental assessments,
which cannot exceed the maximum. For example, if a contractor bids $1 million (lump sum)
for lane rental and the total of the lane-rental assessments is $900,000 basedubons %0

$1,000 per hour, then the lane-rental incentive equals $100,000, provided it does not exceed the
maximum incentive listed in the special provision.

8.6.8 State of the Practice

Arizona, Colorado, Indiana, Maine, New York, North Carolina, Oklahoma, and Washington
have experimented with or implemented the use of lane-rental provisions.

8.6.9 Cost

Lane rental can increase construction cost. On a standard project, a contractor may see an
opportunity to reduce total impacts. A shorter-duration solution may increase the primary item
cost but reduce lane rental and overall traf ¢ control costs. The contractor will try to determine
the most advantageous bid while balancing the potential overrun in lane-rental costs.

8.6.10 Resources and Refer ences

FDOT. Contract Duration and Alternative Contracting Techniques, Florida Department of Transportation,
Tallahassee, March 2012.

Fick, G., E. Cackler, S. Trost, and L. Vanzler. NCHRP Report 652: Time-Related Incentive and Disincentive
Provisions in Highway Construction Contracts. Transportation Research Board of the National Academies,
Washington, D.C., 2010.

Mallela, J., and S. Sadasivam. Work Zone Road User Costs: Concepts and Applications, FHWA, U.S. DOT,
Washington, D.C., 2011.

MDOT. Innovative Construction Contracting Guide, Michigan Department of Transportation, 2015.

MnDOT. Innovative Contracting Guidelines, Of ce of Construction and Innovative Contracting, Minnesota
Department of Transportation, December 2008.

UDOT. Lane Rental Guidelines, Utah Department of Transportation, April 2010.

WSDOT.Lane Rental, Washington State Department of Transportation, 2013.

8.7 Value Engineering
8.7.1 Description

Value engineering (VE) is de ned as a systematic process of review and analysis of a project,
during the concept and design phases, conducted by a multidisciplinary team of persons not
involved in the project.

8.7.2 When to Use
VE studies can occur at one or more stages of project development.

VESs can be conducted at the scoping (conceptual) stage before commencing design activity.
VESs can occur at the preliminary eld inspection stage, or when approximatetycght &

the design is complete. At this point, the project design is at a stage when the team can make
recommendations on its alignment and overall design without concern that changes will affect
the project schedule.

VE study is also appropriate when approximatelpé@ent of the design is completed. At

this stage, the VE team has access to more complete project information, including most of
the speci c items to be included in the completed roadway. Cost estimates are more likely to
be complete at this stage.

On federal-aid highway projects, the FHWA can withhold federal-aid highway funds from
any eligible project that did not receive a VE study.
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8.7.3 Benets

A VE program provides a de nitive tool to improve value in any project, product, or process.
Cost savings, reduced risk, improved schedule, enhanced design, and quality have been commor
outcomes of VE studies. Additional bene ts include review of design and construction standards
to improve quality and reduce project completion time.

8.7.4 Expected Effectiveness

FHWA and state DOTs have recognized tens of millions of dollars in project cost savings
from completed VE studies. These savings represent a return on investment of over 100:1 when
considering the cost of conducting the VE studies.

FHWA annually collects information on VE accomplishments achieved within the Federal-
Aid Highway Program, including for the projects administered by Federal Lands Highway. For
VE studies conducted during the preconstruction phase, FHWA tracks the number of studies
conducted, proposed and implemented recommendations, and the value of the implemented
recommendations. Tab&2 summarizegecent savings realized by conducting VE studies.

MnDOT has recognized tens of millions of dollars in project cost savings from completed
VE studies. These savings represent a return on investment of 84:1 when considering the cost
of conducting the VE studies. TaBI8 is a summary ofyears of VE studies from Octolder
2012to June30, 2018.

Caltrans realized cost savings of $62 million on nine projects that completed VE studies
during FY 2017-18. The VE recommendations, in most cases, reduced the cost of the project.
However, in a few cases the recommendations resulted in an increase to the cost of the project
but resulted in improved project performance. Tahkeidenti es the value of the alternative
per project.

8.7.5 Crash Modi cation Factor

A CMF is not applicable; however, alternative contracting and construction strategies reduce
construction time and impact to motorists and workers, which improves overall work zone
safety.

8.7.6 Implementation Considerations
Large, complex projects must have at least two VE studies, rst at a scoping or corridor level,
followed up with a second study later in the project-development phase.

Table 8.2. Summary of past VE savings on Federal-Aid and Federal Lands
Highway Pr ograms.

Measure FY 2019 | FY 2018 | FY 2017 | FY 2016 | FY 2015 FY 2014
Numb er of VE Sudies 246 175 160 198 135 215
Cost to Conduct VE Studies and Program $125M | $7.3M $6.6 M $7.3M $6.4 M $8.7 M
Administration
Estimated Construction Cost of Projects $32 B $22.7B | $20.8B | $13.9B | $14.1B $209B
Studied
Total Numb er of Proposed Recanmendations 2,310 1376 1451 1,565 1,233 1,664
Total Value of Proposed Recanmendations $5.5B $3.1B $2.8B $2.6 B $2.5B $3.0B
Numb er of Approved Recommendations 801 578 636 579 504 697
Value of Approved Recanmendations $3.1B $1.1B $1.1B $868 M | $831 M $1.73 B
Project Cost Saved(%) 10.00 5.00 5.00 6.20 5.90 8.32
Return on Investment 247:1 157:1 159:1 119:1 129:1 200:1

\'a R: B = billion; M = million; VE = value engineering.
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Table 8.3. Summary of MNDOT VE savings.

Measure 10/1/2012—| 7/1/2014—| 7/1/2015— | 7/1/2016—| 7/1/2017—
6/30/2014 | 6/30/2015| 6/30/2016 | 6/30/2017 | 6/30/2018
Numb er of VE Sudies 13 10 16 4 5
Cost of Conducting VE Study $634000 | $4630p00 | $865000 | $252908 | $286,579
Estimated Total Project Cost $923 M $397 M $817 M $122 M $447 M
No. of Proposed VE 107 58 128 27 32
Recanmendations
No. of Approv ed Recanmendations 72 43 95 15 14
Recommendation A cceptance 67 74 74 56 44
Rate (%)
Total Value of Proposed VE Savings $191.7M | $388M | $1235M | $11.7M $79.5M
Savings from Approved $60.1M | $17.29M | $78.36 M $9.9 M $44.8 M
Recanmendations
Total value of approve d recommendations | $210.45 M
Total cost to hold the VE studies $25M
ROI = value of gpproved recommendations divided by cost to conduct VE studies 84:1
Total number of VE studies over 10 years 48
\a R: M = million; MnDOT = Minnesota Department of Transportation; ROI = return on investment;
VE = value engineering.

Table 8.4. Caltrans VE studies for FY 2017-18.

Project Name VE Study VE Study Associated Project
Construction Savings Costs Savings
Cost
Sac 5 HOV Llanes ard Rehab $168000,000 | $1,534,00 $72,00 $1,462,000

Improvement: Combined two nearby projects
and adjusted work windows to allow for precas
slab replacement
Sac 5 HOV Lanes and Rehab $165000,000 | $2,751,@0 $52,M0 $2,699,000
Project combined with the previous project
Mon 101 Pavement Rehab, PM 36.9to 47.7 | $49,80000 | $ 6,445,000 | $42,M0 $6,403,000
Improvement: Inceased ramp closes to allow
for pavementuring in lieu of precast slabs
Mon 101 Seismic Retro t $29,80000 $0 $46,00 ($46000)
The results of the geotechnical studies eliminated
the need for cast-in-steel-shell piles. Aeoth
alternative was eliminated after a projscbpe
reduction.

Mon 101 PM 87.3 to PM91.5 $35,200000 $0 $49,00 $49000)
None of the study atnatives wasacepted
becase of geometric concerns.

Ker 99 Roadway Rehab $79,00000 $0 $52,00 $52000)
None of the study alternatives was implemented
because they did not add value
LA 60 Pavement Rehab $109000,000 | $1,080000) | $52,00 $1,132,000)
The VE stuly ident’ ed user bents that
outweighed the slight increa in cost.
Riv 10 Pavement Replacement $239000,000 | $47,D0000 | $47,00 $47,153,000
Improvement: Changed pavemeypé¢ becase
of median rebuild and saved Thrie-beami®a
verses replacement

SBD60 Pavement Replacement $92,00000 | $5,200,00 $48,00 $5,152,000
Improvement: Changed pavemeypé¢ becase
of lane closure time frames

Total $966,800,000] $62,(60000 | $460000 | $61,%90,000
N\ a R: HOV = high-ocupancy vehicle; VE = value engineering.

—
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It is important to hold the VE study early enough during the project-development phase to
incorporate acceptable VE recommendations. The letting may be delayed if there is not enough
time to incorporate recommendations into the plans. Per industry best practice, the ideal time
to do a VE study is in or near the scoping and preliminary design phase or near the time when
design alternatives are being examined and the public is fully engaged. Enough engineering must
have taken place such that the design framework is suf cient to operate from, but it is best if
signi cant commitments have not been made.

VE studies are strongly suggested to be a minimundaf4, with5 days mostlesirable.
Teams typically are multidisciplinary and consist of 5 to 8 individuals who are not personally
involved in the design of the project. Depending on the size and complexity of the project, the
number of members in a VE team may exceed that range. However, a minimum of 5 individuals
is required, as a team of fewer than 5 tends to limit the amount and variety of creative input.

8.7.7 Design Features and Requir  ements

As VE is a project management strategy, the parameters of each study will depend upon the
project and the team involved.

8.7.8 State of the Practice

FHWA collects information annually on VE accomplishments achieved within the Federal-
Aid Highway Program, including the projects administered by Federal Lands Highway. For VE
studies conducted during the preconstruction phase, the FHWA tracks the number of studies
conducted, proposed and implemented recommendations, and the value of the implemented
recommendations. Additionally, similar information is compiled for the VE change proposals
submitted by contractors during the construction of the projects. This information is available
in the Federal-Aid Value Engineering Summary Reports at https://www.fhwa.dot.gov/ve/
vereport.cfm.

In FY 2018, 175 VE studies were conducted by all the state DOTs. States with the most VE
studies conducted are California (20), Florida (23), Michigan (10), North Carolina (10), and
Texas (28).

8.7.9 Cost

The cost to conduct a VE study varies depending on the complexity of the project and can
range anywhere from $15,000 to over $1 million.

8.7.10 Resources and Refer ences

AASHTO.Guidelines for Value Engineering, 3rd edition, 2010.
California Department of Transportation (Caltrans). Annual Ef ciencies Report to the California Transportation
Commission: Fiscal Year 2017—-2018, n.d.

8.8 Accelerated Bridge Construction
8.8.1 Description

According to FHWA, ABC uses innovative planning, design, materials, and construction
methods in a safe and cost-effective manner to reduce the on-site construction time that occurs
when building new bridges or replacing and rehabilitating existing ones.
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The use of prefabricated bridge elements and systems (PBES) and SPMTs are typical in ABC
projects. PBES are structural components of a bridge (e.g., footings, piers, pier caps, abutments,
bridge decks, railings) that are built off site or adjacent to the alignment. An SPMT is a platform
vehicle used for transporting massive objects, such as bridges, large bridge sections, and other
objects too big or heavy for trucks. SPMTs are used to expedite bridge superstructure removal
and construction. After the bridge is removed with the SPMT, the PBESs are transported into
position and placed using the SPMT.

8.8.2 When to Use

ABC is applicable for critical or high-volume facilities for which the societal costs of closure
or loss of mobility are considered signi cant.

To provide a rational and consistent method of selecting appropriate ABC projects, FHWA
and some states developed the following decision-making tools.

The rst ABC decision-making approach was developed by FHWA in 2005 based on a frame-
work for PBES decision-making. In this framework, a owchart and matrix incorporating
decision criteria are used to help decision makers choose between conventional and ABC alter-
natives. The owchart assists the users in making a high-level decision on whether a prefabricated
bridge might be an economical and effective choice for the speci c bridge under consideration
(Figure8.2). The matrix provides users with additional details and may provide additional
assistance in making a high-level decision about the type of construction and approach to apply
to a particular project.

A number of state DOTs have developed their own ABC decision-making tools as
they work to implement ABC in their states. Foremost in this effort is the 2012 pooled-fund
project led by the Oregon DOT to develop a decision tool to help determine whether a project
is a good candidate for ABC. This software, the ABC Decision Tool, is being used in several
states?

UDOT developed an Excel-based ABC rating procedure and decision owchart in 2010, with
an update in 2014. This tool assesses the project under consideration against eight main factors:
ADT, delay/detour time, bridge classi cation, user costs, economy of scale, use of typical details,
safety, and railroad impadts.

Similarly, in 2017 MnDOT developed a three-stage process to assist in determining which
bridges are best suited for ABC. Complete details for each of the three stages are included on the
Bridge Of ce ABC website at http://www.dot.state.mn.us/bridge/abc/.

8.8.3 Benets
According to FHWA EDC-2, bene ts to employing ABC include the following:

Reduced construction time. Decreasing construction time directly bene ts the public by
signi cantly reducing traf ¢ delays and road closures.

Reduced agency costs. ABC can be the most cost-effective means of construction, especially
when total project costs, including ROW acquisition, project administration, maintenance

of traf ¢, environmental mitigation utility relocation, and escalation or railroad- agging
costs are considered.

3The user manual for the Oregon DOT ABC decision-making software is found at https://www.fhwa.dot.gov/bridge/abc/
dmtool/software_manual.cfm.

4The UDOT ABC Decision Making Process tool can be downloaded at https://www.udot.utah.gov/main/f?p=100:pg:0:::1:
T,V:4356,.
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Figure 8.2. Flowchart for high-level decision on whether a prefabricated bridge should be used in a certain
project (Credit: FHWA).

Reduced user costs. ABC dramatically reduces work zone RUC associated with bridge

construction projects on existing roadways.
Improved motorist and worker safety. Limiting the duration of traf c impacts reduces
the exposure to work zone crashes, increasing safety for both construction workers and the

traveling public.
An effective solution to environmentally sensitive areas. ABC technologies may also be an

effective solution or alternative in areas where construction may be constrained or delayed
by environmental considerations or limitations.

8.8.4 Expected Effectiveness

ABC projects have reported signi cant reductions in construction time, thereby reducing
road-user delays and reducing workers’ exposure. The FHWA Highways for Life Demonstration
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Projects web page (https://www.fhwa.dot.gov/h /projects/) provides a list of projects constructed
using the ABC technique. A review of example projects indicates that ABC had the following
advantages:

Reduced construction time by more tham®nths, preventing an estimated 58 crashes
(reconstruction of I-25 Bronco Arch Bridge, Denver, Colorado, July 2015).

Reduced construction time byn@onths resulting in user cost savings of approximately
$2.24 million, preventing an estimated 15 crashes (I-70 bridge replacement, Denver, Colorado,
October 2014).

Reduced construction time by 8%®nths, resulting in user cost savings of approximately
$136 million (reconstruction of Fourteen Bridges on 1-93, Medford, Massachusetts, October
2014).

8.8.5 Crash Modi cation Factor

A CMF is not applicable; however, alternative contracting and construction strategies
reduce construction time and impact to motorists and workers, which improves overall work
zone safety.

8.8.6 Implementation Considerations

Acceleration of construction should not sacri ce the quality of construction or design. Any
process performed too quickly has the potential to sacri ce quality. This is particularly true in
the application of prefabricated materials. Such materials can often be constructed off site and
out of the presence of construction inspectors. Thus, careful inspection of the respective
materials is extremely important. Plant inspection agreements and fabrication certi cations can
be established to ensure this careful inspection.

It is important that the values for incentives and for penalties established for the contract
be properly balanced. Furthermore, agencies need to be able to accurately estimate reasonable
completion dates and critical milestones. Finally, the work needs to be carefully planned, with
appropriate safety precautions incorporated, to ensure production pressures do not lead to
shortcuts that reduce safety or increase risk to workers.

8.8.7 Design Features and Requir  ements

The majority of the design and construction speci cation needs for an ABC project are
contained in the AASHTO Load and Resistance Factor Design Bridge Design Speci cations and
the AASHTO Load and Resistance Factor Design Bridge Construction Speci cations.

8.8.8 State of the Practice

California, Colorado, Florida, lowa, Minnesota, Oregon, Utah, and Washington are examples
of state DOTs that frequently use an ABC approach. Examples of ABC projects are widely
available on state DOT websites and are not repeated here to avoid duplication. Instead, readers
are requested to refer to the web pages discussed below for more information on ABC.

UDOT has championed and widely implemented ABC, the use of ABC is now common
practice throughout the state, and Utah is seen as a national leader for ABC. Since 2010, UDOT
has used ABC on more than 200 bridges. Examples of ABC projects implemented by UDOT
can be found on their Project Highlights web page at https://www.udot.utah.gov/main/f?p=
100:pg:0:::1:T,V:2125,.
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In 2013, RITA (under U.S. DOT) provided funding to establish and operate the ABC Univer-
sity Transportation Center (ABCUTC) at Florida International University. ABCUTC includes
detailed documents on ABC/PBES projects that have been successfully built within the United
States. The detailed information includes plans, schedule, photos, and a project summary
report. The list of ABC projects can be found at http://utcdb. u.edu/search?.

The FHWA Highway for Life Demonstration Project web page (https://www.fhwa.dot.gov/
h /projects/) provides a list of projects constructed using the ABC technique. The FHWA EDC
initiative has assisted in the development of many projects employing ABC technologies. In
2010, the EDC-1 bridge innovations were PBES and geosynthetic reinforced soil-integrated
bridge systems (GRS-IBS). In 2011-2012, more than 1,000 bridges were built in an acceleratec
manner using some form of PBES technology. In 2012, the EDC-2 bridge innovations were
PBES, GRS-IBS, and lateral-slide technologies. In 2013-2014, the number of bridges built with
PBES technologies increased signi cantly. In 2014, the 11 EDC-3 innovations include GRS-IBS
and ultra high performance concrete connections for prefabricated bridge elements.

8.8.9 Cost

The costs for accelerated construction depend on the project characteristics. However,
projects reviewed indicated that construction time is reduced, resulting in savings in RUC and
an overall safer project.

8.8.10 Resources and Refer ences

Anderson, SD., and I. Damnjanovic. NCHRP Synthesis 379: Selection and Evaluation of Alternative Contracting
Methods to Accelerate Project Completion. Transportation Research Board of the National Academies,
Washington, D.C., 2016. https://doi.org/10.17226/23075.

Culmo, M.P. Accelerated Bridge Construction: Experience in Design, Fabrication and Erection of Prefabricate
Bridge Elements and Systems, FHWA-HIF-12-013, FHWA, U.S. DOT, November 2011.

Doolen, T., A. Saeedi, and S. Emami. Accelerated Bridge Construction (ABC) Decision Making and Economi
Modeling Tool, Federal Highway Administration, FHWA-OR-TPF-12-06, December 2011.

Lee, JH.,and B. McCullouch. Review Construction Techniques for Accelerated Construction and Cost Implications
Project No. C-36-67 WWWW, Purdue University, West Lafayette, Ind., August 2009.

NCHRP Project 20-68A, Scan 07-02, “Best Practices in Accelerated Construction Techniques.” National
Cooperative Highway Research Program, Transportation Research Board. Washington, D.C., 2009.

Pyeon, J., and B. Lee. Systematic Procedures to Determine Incentive/Disincentive Dollar Amounts for Highway
Transportation Construction Projects, California Department of Transportation, CA-MTI-12-2908, June 2012.

WisDOT. Transportation Synthesis Reports: Accelerated Construction Techniques, Wisconsin Department of
Transportation, Octobe22,2004.
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Traf ¢ Control Devices

The 2009 MUTCD, PaR, andstate manuals govern standards, guidance, and other site-
speci ¢ information pertaining to installing, maintaining, and operating traf ¢ control devices
(TCDs). TCDs, such as warning signs, arrow panels, and channelizing devices, are required
for all work zones, irrespective of work zone type or duration. Therefore, this guidebook
does not address these common TCDs; however, the following TCDs are covered in this
section:

Smart arrow boards
Lighting devices

9.1 Smart Arrow Boar ds
9.1.1 Description

A smart arrow board is an arrow board containing data-processing capabilities to send real-
time data from the eld (e.qg., location, direction board is facing, active/inactive display), which
can then be disseminated through traveler information mechanisms such as TMCs, 511 systems,
and social media dissemination systems. An example of a smart arrow board feedback to 511
and mobile units is shown in Figudel.

Consistent reporting of accurate, useful information about lane closures to inform travelers
is a challenge for many state DOTs. Longer-duration construction and maintenance activities
are typically entered into road condition reporting systems or advanced traf c management
systems (ATMSs) to alert TMC operators and the traveling public. However, fast-changing
and shorter-duration activities are challenging and time consuming to enter. These events are
therefore not always entered to alert TMC operators or the traveling public of lane or shoulder
closures. Generic reports (e.g., “intermittent lane closures fromi Mtényough Jun80”) posted
to traveler information systems, such as 511 web or mobile apps, provide limited value to
travelers. Though construction and maintenance eld staff often have access to up-to-date lane
closure information, on-site conditions and other responsibilities make frequent reporting of
this information a low priority.

9.1.2 When to Use

Smart arrow boards can be used on any roadway and project type for which shoulder or
lane closure is required, regardless of how long a work zone remains in place.

159
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Figure 9.1. Screenshot of 511 desktop and mobile display during a stationary lane closure (Credit: MnDOT).

9.1.3 Benets
The use of smart arrow boards provides the following bene ts (Enterprise 2017):

Detailed, consistent, and reliable real-time information about lane closures disseminated to
travelers upstream of the closure through message signs, traveler information mediums, and
connected vehicle applications.

Improved situational awareness by TMC operators of real-time lane closures in the eld.
Improved construction-management opportunities, including the ability to verify contractor
work status to document lane closure times for use on lane-rental projects or for enforcing
restricted hours or to cross-check any lane closure updates required of the contractor.
Increased archived data available for evaluation, performance management, and research to
better understand work zone mobility impacts and exposure for reporting purposes, to plan
future work zones, and to improve performance-based speci cations.

Foundational communication technology to broadcast display status and lane closure-related
information to connected and automated vehicles.

Depending on the amount of manual involvement by eld staff, the potential for faster
response time for maintenance needs, including times when a trailer-mounted arrow board
is hit by a passing vehicle or blown out of place by strong winds, given noti cations to eld
staff of system functionality.

9.1.4 Expected Effectiveness

An evaluation of smart arrow boards was conducted by MnDOT in 2018. MnDOT piloted
20 smart arrow boards (trailer mounted and truck mounted) used by Twin Cities metro area
maintenance shops, with the functionality to export status and location for stationary and
mobile/rolling closures. The project then integrated the reported arrow board status information
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with the MnDOT Intelligent Roadway Information System (IRIS) and the MnDOT Condition
Acquisition and Reporting System (CARS).

MnDOT hired a vendor to collect and communicate arrow board data to the vendor server.
At the same time, MnDOT staff programmed updates to IRIS for it to access the vendor server
and process the available arrow board information. Finally, MNnDOT updated CARS for it to
access the arrow board information in IRIS, process the information, and generate reports for
the 511 website and apps.

Figure9.1 illustrates the desktop and mobile display on 511 at 11:55 a.m. during the stationary
lane closure, and the mobile worksite reports in the 511 display that is automatically updated
every 1-Zninutes.

The projeciprovided the following bene ts:

Detailed lane closure information disseminated through traveler information mechanisms
such as 511 phone, web, and social media dissemination systems.

Regional TMC operators alerted in real time of closures so they may post messages to the
appropriate signs, notifying travelers of upcoming lane closures.

Improved information for performance reporting and measurement owing to improved
accuracy of lane closure information.

Since the completion of the pilot, MNDOT has turned the system live. Maintenance vehicles
and trailers with the arrow monitoring units installed are displaying arrow board status when
activated on MnDOT's 511 website, mobile app, and twitter feeds.

9.1.5 Crash Modi cation Factor
A CMF is not available for this strategy.

9.1.6 Implementation Considerations

The smart arrow boards must meet the requirements found in the 2009 MUT CBFF&rt
There aréwo options for smart arrow board protocol:

Option 1, which receives data from an intermediary server, and
Option 2, in which data are polled directly from the arrow board.

An Enterprise project completed a system engineering process for smart arrow boards.
The results of this effort can be found at http://enterprise.prog.org/Projects/2015/workzone_
noti cations_in_travelerinfo.html.

9.1.7 Design Features and Requir  ements

In general, the smart arrow board reporting system consists of two largely independent systems,
as depicted in Figur@.2: (1) arrow boards and (2) the traveler information dissemination
systems and data archives used by transportation agencies to collect, process, disseminate, and
store traf ¢ data and information for use by the traveling public and agency stakeholders.

9.1.8 State of the Practice

At the time of the development of this guidebook, lowa and Minnesota are the only two states
currently deploying or planning to deploy smart arrow boards in work zones. A brief overview
of their programs follows.
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Figure 9.2. Smart arrow board concept of operations
(Credit: Enterprise 2017).

9.1.8.1 lowa

In August2019, the lowa DOT announced plans to adopt smart arrow board technology
to collect near real-time data on the status of lane closures in construction and maintenance
work zones. As a part of this, lowa DOT took on the following responsibilities:

Work with lowa chapter members and arrow board manufacturers to nalize speci cations
and test smart arrow boards before the end of 2019.

Evaluate smart arrow boards beginning in September 2019 to validate the system requirements
and speci cations.

Develop and publish supplemental speci cations by October 2020.

Deploy smart arrow boards on Interstate projects let on or after Ja2e2921.

Deploysmart arrow boards on all lowa DOT projects let on or after Jai9aB022.

9.1.8.2 Minnesota

MnDOT developed a smart arrow board evaluation plan (Enterprise 2017) and piloted the
program in 2018, as mentioned in Section 9.1.4.

9.1.9 Cost

The cost for a trailer-based smart arrow board ranges between $10,000 and $12,000. The
cost for a truck-mounted smart arrow board ranges between $6,000 and $8,000.

9.1.10 Resources and Refer ences

EnterpriseReal-Time Integration of Arrow Board Messages into Traveler Information Systems-Evaluation Plan,
Transportation Pooled Fund Study TPF-5 (231), September 2017.

lowa DOT.Smart Arrow Board Deployment Plan, lowa Department of Transportation, August 2019.

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

MnDOT. Real-Time Integration of Arrow Board Messages into Traveler Information Systems: Final Requirement
Testing Report, Minnesota Department of Transportation, December 2018.

Virshbo, K., J. Schroeder, G. Coffee, and D. Rowe. Follow the Arrow Boards: Generating Roadwork Report
Automatically from GPS-Equipped Arrow Boards at Work Sites for Situational Awareness and Fraveler Infor
mation Presented at the Intelligent Transportation Society of America 2018 Annual Meeting, Detroit,
Mich., Junet—7,2018.
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9.2 Lighting Devices
9.2.1 Description

Roadway lighting devices enhance nighttime work zones by illuminating the work area to help
drivers see TCDs, roadway alignment, pavement markings, and workers. Refer to Section 6.2 for

information on night work.
The two most commonly used temporary lighting systems are the following:

Portable light plant towers. This lighting consists of nhumerous luminaires mounted to a
mast arm capable of holding the luminaires at various mounting heights. The mast arm is
attached to a trailer with a generator that can be towed by a vehicle. To prevent glare, lights are
aimed downward at the work—not toward the traf c—and rotated outward no greater than
30degrees from straight down, unless the light has been designed speci cally to prevent glare.
Balloon lighting. This type of lighting consists of a large balloon-type luminaire that provides

a large area of evenly distributed light and is relatively glare free @gjurBalloorlights

can be mounted on slow-moving equipment or portable light towers.

9.2.2 When to Use
The use of lighting devices is considered under the following scenarios:

Any nighttime applications during which a lane is taken intermittingly for construction.
Construction is undertaken on a multilane highway or Interstate.

The work zone is in a rural area with no additional highway lighting.

The project involves nighttime asphalt paving and bridge closures.

9.2.3 Benets
The provision of lighting devices provides the following bene ts:

Improves work zone conspicuity and worker visibility.
Provides better guidance for drivers traveling through the work zone.

Figure 9.3. Balloon lighting (Credit: NCDOT).
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Creates uniform speeds throughout the work area.
Allows construction work to be completed safely and effectively.
Improves the overall safety of the workers and the traveling public.

9.2.4 Expected Effectiveness

Improved visibility and awareness of traf ¢ control information are expected to reduce
con icts related to drivers not being able to see TCDs well or soon enough to comply with
the sign message or to follow the appropriate path. Poor visibility of TCDs often contributes
to nighttime crashes, and improving drivers’ expectancy of the roadway conditions should
improve safety.

Work zone presence lighting has been evaluated in North Carolina, Michigan, Tennessee,
Virginia, and Georgia with positive results. The average speed reductionnigpb.\®dth the
highest speed reduction ovemph (Table9.1).

9.2.5 Crash Modi cation Factor
A CMF is not available for this strategy.

9.2.6 Implementation Considerations

The FHWANIghttime Lighting Guidelines for Work Zdi264.3) identi ed the following
factors when selecting the types of lighting best suited for the work zone:

Mobile work zones, such as a paving operation. If the work zone is mobile, then the length
of the work activity for one night may dictate either that the lighting plan be continuous for
the length of the work zone or that a mobile system be used so that the lighting moves with
the various work activities.

Stationary work zones. Work duration would determine the type of lighting in this situation.

A long-duration work zone could use roadway luminaires mounted on temporary poles, while
shorter-duration work zones could use trailer-mounted light towers or balloon lighting at
xed locations.

Table 9.1. Work zone pr esence lighting evaluation summary.

Work Zone Average Speeds (mph) Average Speed
State Route | Speed Limit | it presence | Witho ut Presence Reduction

(mph) Lig hting Lig hting (mph)
North Caro lina us-17 55 57.70 51.94 5.76
Michigan uUs-23 55 56.92 51.27 5.65
Michigan 1-94 60 65.19 57.94 7.25
Michigan 1-94 60 67.78 62.82 4.96
Michigan 1-94 60 68.48 62.82 5.66
Tennessee 1-40 65 68.76 63.82 4.94
Tennessee I-40 70 74.76 68.89 5.87
Virginia 1-64 65 67.47 60.62 6.85
Georgia 1-85 60 64.76 60.05 4.71
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Glare. Glare needs to be considered from each direction and on all approaching roadways
and opposing lanes of traf ¢, even those separated by grass medians. The goal is to minimize
glare from the lighting systems for both the workers and any adjacent motorist.

Light trespass. Trespass occurs when light spills onto private property. This could be a
problem in a residential area—depending on how long the lighting system is in place—and
could require shielding as a preventative measure.

Backup lighting. Backup lighting must be stored on the project site and readily available for
use at all times during nighttime operations. The backup systems must meet the same criteria
as the primary system.

9.2.7 Design Features and Requir  ements

Work zone illumination needs to be considered during the design phase whenever night
construction would be required or allowed. This requires the following actions during the
project design phase:

Determine the area to be illuminated.
Determine the work activities to be performed.
Select the type of light source.

Determine required lighting level.

Select xture locations.

Determine luminaire wattage.

Select luminaires and aiming points.

Check design for adequacy.

According to the 2009 MUTCD (Section 6F.82, Floodlights, and Section 6G.19, Temporary
Traf c Control During Nighttime Hours), recommendations are for 5 foot candles of illumina-
tion for general activities, 10 foot candles for activities around equipment, and 20 foot candles
for activities requiring high precision and extreme care. Both of these statements in the MUTCD
are identi ed as support conditions.

NCHRP Report 498: Illumination Guidelines for Nighttime Highway Work (Ellis, Amos,
and Kumar 2003) developed illumination guidelines based on work zone task illumination
requirements.

Level | illuminance is important in areas where the work crew is in motion, moving from spot
to spot. This level of illuminance is appropriate for tasks requiring low accuracy, tasks involving
slow-moving equipment, and areas where workers need to see large objects such as work zone
equipment or xed objects on the roadside.

Level Il illuminance is recommended for areas on or around construction equipment to
provide a safer environment for the workers operating the equipment, allowing them to perform
tasks that require a moderate level of accuracy.

Finally,Level Il illuminance is appropriate for those tasks that require a greater level of
visual acuity or for tasks with a higher level of dif culty.

The recommended illumination levels are summarized in TaBle

9.2.8 State of the Practice

Providing additional temporary lighting in work zones with the sole intent of increasing
motorist safety is currently not a typical work zone practice. Lighting is typically provided in
practice to illuminate the work area and increase the visibility of the workers.
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Table 9.2. Recommended illumination levels by task.

Illum ination Average Minimum
Examples of Tasks R .
Level Maintaine d llluminance
All work op erations areas; setup of Iar-e or roqd Level | 54 lux (5 fc)
closures, lane closue tapers, and agging stations
Argas on or around construction equipment; asphalt Level II 108 lux (10 fc)
paving, milling, and concrete placement/removal
Pavement or structural crack/pothole eling; joint repair,
pavement patching/repairs; installation of Level Il 215 lux (20 fc)
signal/electrical/mechanical equipment
\ a R: A foot-candle (fc) is a unit of illumination equal to one lumen per square foot, or 10.764 lux.

S\b _ P R: Ellis, Amos, and Kumar (2003).

Florida, Missouri, Oregon, Washington, New York, Maryland, Mississippi, North Carolina,
California, and Michigan have lighting standards for nighttime construction. Some of those
standards have a limited speci cation about nighttime lighting and some of them, such as those
in New York and North Carolina, are comprehensive regarding the practice of nighttime work
zone lighting. A comparison of these limited provisions reveals that there is a lack of consensus
among state DOTs on the lighting requirements for nighttime highway construction operations.

Table9.3 summarizethe speci cations used by seven agencies.

NCDOT has developed a typical application for work zone “presence” lighting, which is
attached as Appendkk

Table 9.3. Comparison of state DOT nighttime work zone lighting speci cations.

Agency Activ ity or Task Speci cations
Caltrans All nigh 4ime operations 10 fc
FDOT Proper workmanship and inspections |5 fc

e 20 fc over the work area for tow er lights

e Minimum 50,000 lumens for a tower light

e 460,00 lumens cmmbined outp uts of all

xtures on each tower light

e Between 22,000 ad 50,000 lumens for
machine lights

e  Minimum of 5 fc thro ughout the work area

e Minimum of 10 fc for aggers

e All nigh 4ime operations
GDOT e Average maintain ed
horizontal i lluminance

IDOT All nigh 4ime operations

Active construction equipment

e 5fc
nd |
MoDOT and labor - -
Flaggers and other speci ed locations . 06fc
in lighting plan '
Tasks on ard around equipment ° 10_0 qu. .
NJDOT e uniformity ratio of 5:1 or less
Crack lling, saw cz 4ing joint e 200 lux
seding, etc. e uniformity ratio of 5:1 or less
: e 50,000-40000 lumens
NCDOT T ligh
CDO ow er lights . 20fc
\ a R: A foot-candle (fc) is a unit of illumination equal to one lumen per square foot, or 10.764 lux. DOT = department
of transportation.

\b_ P R: FHWA (2013).
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9.2.9 Cost

The rental cost for portable light plant towers ranges from $500 to $900 per month, and the
purchase cost ranges from $9,000 to $15,000 per unit. These costs vary depending on location,
type, size, height, and other factors. Based on a similar range of factors, the cost for balloon
lighting normally ranges from $2,000 to $3,800 per unit.

9.2.10 Resources and Refer ences

Anani, S. Work Zone lllumination Design: Guidance Strategies to Specify Appropriate Work Zone Lighting Plan.
University of Wisconsin—Milwaukee, August 2015.

Bhagavathula, R., R. Gibbons, A. Medina, and T. Terry. Examination of the Current Practice of Lighting in Virginia:
Nighttime Work Zones and Improving Safety Through the Development of Nighttime Lighting Speci cations:
Summary Report. FHWA/VTRC 18-R3, Virginia Department of Transportation, September 2017.

Bullough, JD.,and M.S. Ra. Final Report Optimizing Work Zone Lighting, NJ-2016-004, New Jersey Department
of Transportation, October 2016.

Bullough, JD., N. P. Skinner, JD. Snyder, and WC. Besenecke. Nighttime Highway Construction lllumination,
C-08-14, New York State Department of Transportation, August 2014.

Ellis, RD., Jr., S. Amos, and A. Kumar. NCHRP Report 498: Illlumination Guidelines for Nighttime Highway
Work Transportation Research Board of the National Academies, Washington, D.C., 2003. https://doi.org/
10.17226/21955.

FHWA. Nighttime Lighting Guidelines for Work Zones: A Guide for Developing a Lighting Plan for Nighttime Work
Zones. DTFH61-06-G-00004, American Traf ¢ Safety Services Association, April 2013.

Finley, M.D., G.L. Ullman, JD. Miles, and MP. Pratt. Studies to Assess the Impact of Nighttime Work Zone
Lighting on Motorists, FHWA/TX-13/0-6641-1, Texas Department of Transportation, May 2013.

Gambatese, A., andA. Jafarnejad. Use of Additional Lighting for Traf ¢ Control and Speed Reduction in Work
Zones, FHWA-OR-RD-18-10, Oregon Department of Transportation, February 2018.

Huckaba, DA. “Safer Nighttime Construction Zones Through Better Lighting: lllinois Develops and Applies
Practical GuidelinesTR News, 260, lllinois Department of Transportation, January—February 2009.

Kite, S., and W. Lackey. Work Zone Traf ¢ Control Breakout Session, North Carolina Department of Transporta-
tion, February 21-22, 2019.

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

MDOT. Special Provision for Lighting for Night Work, Michigan Department of Transportation, APPR:
DecembeR1,2010.

Shaw, JV., W. Bremer, Y. Han, M/. Chitturi, A. Bill, and DA. Noyce. Guidelines for Work Zone Designers—
lllumination for Night Construction, DTHF6114H00011, FHWA, U.S. DOT, June 2018.
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Motorist Information Strategies

Motorist information strategies provide road users with current or real-time information

regarding the project work zone. This section covers three motorist information strategies:

Speed feedback signs
Construction truck entering and exiting system
Real-time travel system

10.1 Speed Feedback Signs
10.1.1 Description

Speed feedback signs are electronic signs that use vehicle speed-sensing technology to dete

and display a vehicle’s current speed to the driver. The vehicle speed is usually displayed alonc
with the regulatory speed with or without a message alerting the drivers to use caution. There
are two types of speed feedback signs:

1.

Dynamic sgeed display signs. An electronic LED display is activated by radar or some type
of speed-sensing device and then displays, to approaching drivers, the speed at which they
are traveling. Dynamic speed display signs (DSDSs) are typically installed in conjunction
with a regulatory black-and-white speed limit sign mounted above the display. DSDSs are
commonly referred to as “your speed is” signs, “driver feedback signs,”“speed feedback signs,”’
“speed display trailers,”“radar speed display,” or “speed monitoring devices.” A DSDS can
be fabricated as a separate static sign and dynamic display, or, asd-igsinavs, a single

static sign and dynamic display.

. PCMS with mdar. A PCMS tted with a radar sensor (PCMR) detects the speed of passing

vehicles and activates when the speed of a vehicle exceeds a preset threshold value. Based
the speci c radar speed, the PCMR is often programmed to display different messages.
The radar sensor calculates the speed of passing vehicles in real time and the PCMS display
a message based on the driver’s speed. Common messages displayed include

YOUR SPEEX MPH/SLOW DOWN,

REDUCE SPEED IN WORK ZONE, and

EXCESSIVE SPEED/FINES DOUBLE.

Figurel0.1 showsa typical PCMR.

10.1.2 When to Use

Speed feedback signs are recommended for use under the following conditions (MNnDOT 2019;

FHWA 2015; Veneziano &t 2012):

168
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DSDS (Credit: Ohio DOT) PCMR (Credit: Arizona DOT)
Figure 10.1. DSDS (eft) and PCMR (right).

When the mean speeds or 85th percentile speeds exceed the PSL by atpdast 10

When hazardous roadwapnditions, such as a temporary unusually tight curve or a rough
road surface, which require extra driving precautions, are present.

When workers are directly adjacent to travel lanes and a lane or portion thereof is closed to
traf ¢ without protection of positive barrier.

When the work zone increases or is perceived to increase speeding-related crashes.

Use of the speed feedback signs is not limited to any certain PSL value; however, they may
have better utility in areas with higher speeds.

While speed feedback signs may be used on all types of highways and work zones, in either
rural or urban environments, in multilane applications with moderate-to-heavy traf c, it may
be unclear which vehicle’s speed is being displayed. Consequently, speed feedback signs are best
suited for use on roadways with a maximum of two lanes in each direction.

10.1.3 Benets
The use of speed feedback signs provides the following bene ts:

Reduces the speed of vehicles traveling through a work zone.
Encourages speed limit compliance.

Creates uniform speeds throughout the work area.

Improves the overall safety of workers and the traveling public.

The DSDS has the option to store the vehicle speed data for use later. This is a major bene t
when determining actual speeds in work zones.

10.1.4 Expected Effectiveness

Studies have shown that speed feedback signs result in drivers reducing their speed. A wide
range of speed-reduction results has been found in the eld.

Results of DSDS eld studies:

— 8-9mphreduction in mean speeds (Ten@k2009).

— 0.9-3.Imph reduction in mean speeds and 2Zrgh reduction in 85th percentile speeds
(Brewer, Pesti, and Schneider 2005).
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— 3.7mph reduction in mean speeds (Meyer 2003).

— 3—4mph reduction in mean speeds and 2r{h reduction in the 85th percentile speeds,
approximately 2@ercent to 4(Qercent increase in vehicles complying with PSL (Pesti
and McCoy 2001).

— 1.5-9mph reduction in passenger automobile mean speeds andn3sfi@eduction in
truck mean speeds (Fontaine and Carlson 2001).

— 2.9-3.8mph reduction in mean speedsnfph reduction in 85th percentile speeds,
and about 12ercent increase in percentage of vehicles complying with speed limit
(Maze 2000).

Results of PCMR eld studies:

— 2mphreduction in both observed mean and 85th percentile speeds (Roberts and Smaglik
2014).

— 3-7mph average speed reduction (Ravarl£2012).

— 1.2-9.8mph reductions in mean speeds and 2—-tipgh reductions in 85th percentile
speeds (Kenjale 2006).

— 7mphreduction in mean speeds anchph for 85th percentile speeds (Saraswa. 2006).

— 0.6-2.5mphreduction in average speeds (GDOT 2005).

— 1.6-2.1mph reduction in automobile mean speeds andrig reduction for trucks;
85th percentile speeds reduced byph for automobiles and byrtiph for trucks (Brewer,
Pesti, and Schneider 2005).

— 5-8mphreduction in speeds (Dixon and Wang 2002).

10.1.5 Crash Modi cation Factor

The CMF for a work zone DSDS is shown in Tablé. More information on development
of WZCMFscan be found in Chaptds3.

10.1.6 Implementation Considerations

Speed feedback signs are placed adjacent to the work zone speed limit sign and in advance
of roadway conditions that require speed reduction. It is advisable to place the speed feedback
sign on a tangent section of roadway between 1,000 andt2/p8@Geam of the work activity
or hazardous condition.

Long work zones (L mi) may warrant the deployment of two or more speed feedback signs
or the relocation of one sign several times nearer the active work area to improve its effective-
ness. For long-term deployments, a solar-powered speed feedback sign may be considered if ¢
xed power supply source is not available.

Speed feedback signs are preferred for short-term @6eldys). However, if the signs are
going to be active for several weeks, periodic police enforcement may be considered to maintain
their effectiveness.

Table 10.1. CMFs for DSDSs.

Crash Crash Severity Facility Volume CMF | Standard Error
Type Type Range
All All Not speci ed | Not speci ed 0.54 0.2
\ a R: While speed feedback displays may be used to manage work zone speeds, there were no studies
SYS'eSceZ1e'Se17iS—"—Z7e1®SeZ¢17Z ZE+1l'—1 > "1£"—Z0ele™ZE ES--¢il ‘71
meta-analysis of past studies on non—work zone roads, so its applicability to a work zone situation is
Z—EZS5>i1 1%1E>Se'1-"+" ES«'""—1+SE+*">01 (©1%1¢—S—"Ele™ZZle' ®™+S
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10.1.7 Design Features and Requir  ements

Each time a speed feedback sign is set up, the speed measuring device must be checked and
adjusted (if necessary) to ensure accuracy. Speed measuring devices should provide a minimum
detection distance of 1,06Gandmust have an accuracy of Mph.

The speed feedback sign should remain blank when no traf ¢ is detected. For speeds detected
over aset maximum speed (generallyriph overthe PSL on low-speed roadways [#ph]
and 20mph over on high-speed roadwaystp mph]), the display should go bik. This
measure is intended to discourage drivers from seeing how fast they can get the speed display
trailer to read.

The display must be amber with a black background and dim automatically for nighttime
operations.

The DSDS mounting height, lateral offset, and orientation must conform to applicable
guidelines from the 2009 MUTCD, Sections 2A.18, 2A.19, and 2A.20. The digital speed display
must show two digits (00 to 99) in mph, and the lowest portion of the display should be high
enough to be visible over concrete barriers or safety drums.

Speed feedback sign placement should be incorporated at the project design stage to ensure
signs are placed in a safe location with adequate driver visibility.

10.1.8 State of the Practice

DSDSs are used frequently in lllinois, lowa, Minnesota, Oregon, and Washington. In 2014,
IDOT began requiring contractors to furnish a DSDS whenever workers are present and lanes
are restricted by construction.

The speed display trailer special provisions for lllinois and lowa are attached as Adpendix
and|2, respectively.

The use of PCMRs is infrequent, and literature shows their use limited to pilot projects in
Arizona, California, Maryland, Oregon, and Washington.

10.1.9 Cost

A DSDS ranges between $7,000 and $10,000. Upper-cost DSDSs include ashing lights with
an electronic message such as “SLOW DOWN.” For an additional $5,000, data collection with
storage capability can be included.

A PCMR ranges between $10,000 and $12,000.

10.1.10 Resources and Refer ences

10.1.10.1 DSDS

Chen, Y., X. Qin, and .. Noyce. Evaluation of Strategies to Manage Speed in Highway Work Zones. Presented
at 86th Annual Meeting of the Transportation Research Board, Washington, D.C., 2007.

Chowdhury, TD., and OA. Abaza. Effectiveness of VSL Signs in Reducing Crash Rates on Roadway Construction
Work Zones in Alaska, 19th International Conference on Traf ¢ Guidance and Transportation, New York,
October5-6,2017.

Cruzado, |., and H. Donnell. Evaluating Effectiveness of Dynamic Speed Display Signs in Transition Zones of
Two-Lane, Rural Highways in Pennsylvania, Pennsylvania State University, Traf ¢ Control Devices, Visibility,
and Highway-Rail Grade Crossings, Vol. 2122/2009, pp. 1-8, Transportation Research Record: Journal of the
Transportation Research Board, No. 0361-1981, December 2009.
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Edara, P., C. Sun, C. Keller, and Y. Hou. Evaluating the Bene ts of Dynamic Message Signs on Missouri's Rur
Corridors, CMR 13-004, Missouri Department of Transportation, December 2011.

FHWA. Planning Guidance for Intelligent Transportation Systems (ITS) Devices, FHWA-JPO-14-14,5 Enterprise
Transportation Pooled Fund Study TPF-5 (231), U.S. DOT, September 2015.

Fontaine, MD., and PJ.Carlson. Evaluation of Speed Displays and Rumble Strips at Rural-Maintenance
Work ZonesTransportation Research Record: Journal of the Transportation Research Board, No. 1745, 200:
pp. 27-38.

Gambatese, A., andA. Jafarnejad. Evaluation of Radar Speed Display for Mobile Maintenance Operations,
OR-RD-16-09, Oregon Department of Transportation, December 2015.

Gambatese, J., and F. Zhang. Safe and Effective Speed Reductions for Freeway Work Zones Phase 2, FH
OR-RD-15-04, Oregon Department of Transportation, September 2014.

Gambatese, A., and FZhang. Safe and Effective Speed Reductions for Freeway Work Zones Phase 3, FHWA
OR-RD-15-09, Final Report, Implementation Research, Oregon Department of Transportation, 2015.

Jeihani, M., A. Ardeshiri, and A. Nae@&hialuating the Effectiveness of Dynamic Speed Display Signs, Morgan State
University, September 2012.

Maze, T. Speed Monitor Display, lowa State University, Midwest States Smart Work Zone Deployment Initiative,
2000.

McAvoy, D.S.Work Zone Speed Reduction Utilizing Dynamic Speed Signs, Ohio University, 2011.

Meyer, E. Radar Speed Display, Midwest States Smart Work Zone Deployment Initiative, 2003.

MnDOT. Intelligent Work Zone Toolbox, Of ce of Traf ¢, Safety, and Operations, Minnesota Department of
Transportation, 2019.

Manual on Uniform Traf ¢ Control Devices. FHWA, U.S. DOT, 2009. http://mutcd.fhwa.dot.gov/. [MUTCD]

Pesti, G., and F. McCoy. Long-Term Effectiveness of Speed Monitoring Displays in Work Zones on Rural
Interstate Highways. Transportation Research Record: Journal of the Transportation Research Board, No. 17¢
2001, pp. 21-30.

Teng, H., X. Xu, X. Li, V. Kwigizile, andR.Gitby. Evaluating of Speed Monitoring Displays for Work Zones
in Las Vegas, Nevada, University of Nevada, Volume 2107 / 2009 Safety Maintenance and Surface Weather.
Transportation Research Record: Journal of the Transportation Research Board, No. 036-1981, October 20(
pp. 46-56.

Veneziano, D., Z. Ye, K. Westoby, |. Turnbull, and L. Hayden. Guidance for Radar Speed Sign Deployments.
Presented at 91st Annual Meeting of the Transportation Research Board, Washington, D.C., 2012.

10.1.10.2 PCMR

Brewer, MA.,G. Pesti, and WH. Schneider IMdenti cation and Testing of Measures to Improve Work Zone
Speed Limit Compliance, Texas A&M Transportation Institute, Report 0-4707-1, October 2005.

Dixon, K., and C. Wang. Development of Speed Reduction Strategies for Highway Work Zones, FHWA-GA-02-981
Georgia Department of Transportation, July 2002.

Garber, NJ.,and ST. Patel. Effectiveness of Changeable Message Signs in Controlling Vehicle Speeds in Work Zor
Virginia Transportation Research Council, FHWA/VA-95-R4, September 1994.

Garber, NJ.,and S. Srinivasan. Effectiveness of Changeable Message Signs in Controlling Vehicle Speeds in !
Zones: Phase I, VTRC 98-R10, Virginia Transportation Research Council, December 1998.

GDOT.Evaluating Speed Reduction Strategies for Highway Work Zones (Smart Work Zones), Georgia Departmen
of Transportation, January 2005.

Kenjale, AD. Use of Speed Monitoring Display with Changeable Message Sign to Reduce Vehicle Speeds in SCV
Zones, All Theses, Paper 49, 2006.

Ravani B., C. Wang, \W. White, and P. Fyhrie. Evaluation of Methods to Reduce Speed in Work Zones, AHMCT
Research Center, University of California—Davis, 2012.

Roberts, CA., and EJ.Smaglik. Reduction of Speed in Work Zones Using ITS DMS Instant Feedback to Drivers:
Vehicle Speed Versus Traf ¢ Fine, FHWA-AZ-14-681, Arizona Department of Transportation, August 2014.

Sarasua, WA., JH. Ogle, W.J.Davis, and M. Chowdhury. Better Management for Speed Control in Work Zones,
FHWA-SC-06-10, South Carolina Department of Transportation, December 2006.

10.2 Construction Truck Entering and Exiting System
10.2.1. Description

A construction truck entering and exiting system is a SWZ system that automatically detects
when construction vehicles enter or exit the work zone and provides advanced noti cation to
motorists (Figurel0.2). The system worksri@al time and only activates when a construction
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Figure 10.2. Construction truck entering and exiting system layout (Credit: MnDOT).

vehicle is entering or exiting a work zone. When a traf ¢ sensor detects a construction vehicle
either entering or exiting, motorists are alerted of a truck slowing down or entering the ow of
traf ¢ via either a PCMS or ashing static signs.

10.2.2. When to Use

WisDOT, in its FDM 11-50-5 TMP Process, lists the following criteria for consideration when
determining if a truck entering and exit system should be installed:

A construction vehicle uses a live traf ¢ lane to either decelerate or accelerate because a
deceleration or acceleration lane cannot be provided.

The construction stage will be in place for an extended period.

The construction entrance is visibly obscured to drivers.

According to the MnDOT Intelligent Work Zone Toolbox (2019 edition), a truck entering
and exiting system should be considered for work zones under the following conditions:

The trucks must utilize the main-line roadway to accelerate.

A truck merge lane cannot be provided on the project.

There is a sight restriction where trucks must enter the open traf c lane.

There is insuf cient space for a truck acceleration lane before entering the open traf ¢ lane.
Trucks must decelerate in the main-line roadway to enter the work space. This may result
in vehicles following trucks into the work space, or traf ¢ being required to adjust speed or
change lanes.

ADT on the roadway is above the level at which truck drivers can easily nd a gap in traf c and
accelerate within the traf ¢ lane without causing traf ¢ to suddenly adjust speed or change lanes.
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10.2.3 Benets
The use of a construction truck entering and exiting system provides the following bene ts:

Alerting motorists of slow construction vehicles entering and exiting the work zone.
Reducing the frequency of motorists following construction vehicles into the work zone.
Reducing rear-end crashes caused by abrupt slowdowns.

10.2.4 Expected Effectiveness

Research found no published literature relating to eld evaluations of construction truck
entering and exiting systems.

10.2.5 Crash Modi cation Factor
A CMF is not applicable for this strategy.

10.2.6 Implementation Considerations

Deployment consideration will address estimated traf ¢ volumes, the type of vehicle con icts
anticipated, and project geometrics such as the merging, stopping, and site distance for the
travelers to the hazardous condition. The system needs to be timed such that a PCMS message i
viewable and understandable to drivers, and the traveler can perform appropriate evasive actions,
such as slowing down and stopping, changing lanes, or changing travel routes. An appropriate
PCMS distance will allow drivers time to change lanes or to slow appropriately to allow the
truck to merge.

One issue is how to distinguish between construction trucks and all other equipment that
moves within the work zone so that false triggers do not occur. This can be handled by carefully
limiting the detection zone.

10.2.7 Design Features and Requir  ements

A basic system consists of a portable traf c sensor to detect construction vehicles, a PCMS,
and a wireless communication link to trigger the sign. These systems are typically stand-alone,
so they do not usually have a link to a TMC. Communication between the construction vehicle
detector and the PCMS must occur in real time (milliseconds). Therefore, a point-to-point
wireless transmission must be used as the transmission times for cellular communications are
not fast enough.

Agencies can use a static sign option as well for trucks entering traf ¢, which would include
individual beacons attached at the top of the sign that would ash when a truck is entering or
exiting the main line.

10.2.8 State of the Practice

A construction truck entering and exiting system is one technology application promoted
by the FHWA SWZ, as part of the FHWA EDC initiative. Many resources, including bid speci-
cations, deployment plans, and case studies, are available on the National Work Zone Safety
Information Clearinghouse (https://www.workzonesafety.org/swz/). States using these systems
include Colorado, lowa, Michigan, Minnesota, Ohio, and Texas.

The Gap is an 18-mi stretch of Interstate 25 in Colorado, running from south of Castle
Rock to Monument. It is the only four-lane section of 1-25, connecting Colorado’s two largest
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Figure 10.3. 1-25 Construction truck warning system
(Credit: CDOT).

cities—Denver and Colorado Springs. On average, nearly 80,000 vehicles travel the I-25 South
Gap corridor daily with delays and crashes a common occurrence. Construction on the
$350 million project, which is currently the longest construction zone in the state, began in
Fall 2018; project completion is scheduled for 2022.

With an average of three trucks delivering or picking up material evainuies daily
throughout the 18-mi work zone, CDOT deployed a construction truck entering and exiting
system to warn drivers. When a construction truck passed a sensor attached to a portable sign,
a PCMS (Figur#0.3) further back in the corridor was triggered to warn motorists to slow down
andyield to the truck.

10.2.9 Cost

The cost for deployment of a truck warning system depends highly on the project duration
and the number of devices used (e.g., message boards, traf c sensors, speed trailers, cameras).
In general, the rental cost is the same for a PCMS or a traf c sensor or camera—approximately
$1,000 per week. For longer-duration projects, the rental costs can be substantially lower.

MnDOT reported the cost estimate, based on 2018 MnDOT rental prices, for a truck warning
system using 1 PCMS and 1 sensor at $2,000 per week, $3,500 per month, or $13,000 per
6 months (MnDOT2018). MnDOT also reported an approximate cost of $44,000 (opdrSht
of the total construction cost) for a truck warning system utilizing 6 PCMSs, 6 sensors, and
16 advance ashers deployed ovendnths. SimilarlyHawaii DOT reported an approximate
cost of $400,000 (or 0.@&rcent of total construction cost) for a truck warning system that
deployed 8 PCMSs, 15 sensors, and a license plate reader system (TxDOT 2018).

10.2.10 Resources and Refer ences

FHWA Every Day Counts (EDC) Initiative: SWZs, Technology Applications: Entering/Exiting Vehicle Noti -
cation web page. https://www.workzonesafety.org/swz/swztechnology-application/types-of-applications/
enteringexiting-vehicle-noti cation/.

MnDOT. Intelligent Work Zone Toolbox, Of ce of Traf ¢, Safety, and Operations, Minnesota Department of
Transportation, 2019.

MnDOT. Cost Estimates for ITS/IWZ Scoping, 82918, https://www.dot.state.mn.us/its/docs/scoping
decisiontree.pdf, accessed NM&y2020.
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TxDOT. Smart Work Zone Guidelines: Design Guidelines for Deployment of Work Zone Intelligent Transportation
Systems (ITS), Texas Department of Transportation, October 2018.

WisDOT. Facilities Development Manual (FDM) 11-50-5 Transportation Management Plan Process, Wisconsin
Department of Transportation, May5,2019.

10.3 Real-Time Travel System
10.3.1 Description

A real-time travel system (RTTS), also known as a travel time system, a work zone information
system, or a travel time information and prediction system, is a portable automated system that
predicts and displays travel time for motorists in advance of and through freeway construction
work zones on a real-time basis (Figloe4). RTTSs use roadside sensors to collect real-time
traf c- ow data, process the data, calculate estimated travel time between different points on the
freeway, and display travel time information on several portable electronic CMSs positioned at
predetermined locations along the freeway.

Figure 10.4. Real-time travel system layout (Credit: MnDOT).
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In general, the system would display a message to travelers that, from their current location,
it will takeX minutes to reach a given location ahead of them (e.g., HwyraB&23835mins).

10.3.2 When to Use
RTTS may be considered for use under the following situations:

The work zone may causerhihutes ormore of additional travel time.
The work zone causing the delay is more than Beyond the PCMS location (preferably
10mi or more, such that multiple alternate routes are available).

Long-term projects are more ideal situations for using RTTSs because the system costs will
be more easily justi ed. However, any situation that necessitates communication with drivers
while they are in or approaching a work zone may be appropriate for RTTS applications.

NJDOT developed warrants as a guideline for determining the suitability of an RTTS. If the
total score is less than 35, an RTTS should not be deployed. Scores between 35 and 45 should be
reviewed by the executive manager of mobility and systems engineering. Scores above 45 should
have an RTTS deployed as part of the contract. Tat?eshows the NJDOT warrants and their
correspondingscoring criteria for RTTS.

10.3.3 Benets

By obtaining traf c information and displaying travel times to motorists, an RTTS allows
motorists to make an informed decision on which routes to take. If travel times are long because
of roadwork or an incident, motorists can use an alternate route, thus reducing demand on
the route. By providing motorists with traf c-condition information, the system also reduces
the stress and anxiety caused by congested conditions.

Although an RTTS is not directly an operational TTC device for a project, as it provides
no direct traf ¢ control, DOTs might consider it for deployment as part of an agency’s public
relations and traveler information system.

An RTTS is extremely useful where construction will create long vehicle delays for extended
periods of time, and it may persuade some travelers to use alternate routes.

10.3.4 Expected Effectiveness
The use of RTTS in work zones has been studied extensively with the following results:

Reductions of more than 3&rcent indeceleration rates (Hourdos 2019).

28percent motoristiversion on seeing an RTTS (Luttrelaket2008).

9 percent diversion during peak hour and bene t—cost ratio between 2.1:1 and 3.2:1 (Edara,

Sun,and Hou 2013).

MDSHA real-time Travel Time Prediction System (ARAMPS).

— 92percent accuracy in travel time prediction during both morning and evening peak
periods (Chang, Zou, and Wang 2006).

Automated Work Zone Information System

— 95percent accuracy in travel time prediction armbicent—2percent increase in alternate
route selection (Lee and Kim 2006).

Traf c information and prediction system

— 28percent—41percent accuracy in travel time prediction (Pigman and Agent 2004).

— 88percent accuracy in travel time prediction withih minutes, 65ercent—7Qercent
accuracy within2 minutes (Zwahlen and Russ 2002).
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Table 10.2. NJDOT warrants for RTTS.
No. Condition Scoring Criteria and
Point Score
1 Based on proposd work zone, will th ere be a long-term loss Yes 10 points
of traveled lane continuously for 3 or more months?? No: 0 points
2 Based on proposd work zone, will th ere be a temporary loss Yes: 10 points for 6 hours of the day
of traveled lane continuously for 3 or mor e months?° 9 points for 5 hours of the day, etc.
No: 0
3 Does section of the highway containing proposed work zones Yes 10
include parallel local and express lanes? No: 0
4 | Are viable alternate routes availabl e so motorists can avoid Freeway: 10
work zone? US route: 7
State route: 5
Local road: 3
No: 0
5 Does one-way AADT or ADT exceed 60,000 in thedirection Yes: 1 x each 1000 above 60,000
of proposed work zone?®
6 Does tra c volume per lane exceed 1,500 vph during day?4 Yes: 1 x each Q0 over 1,500
7 Will tra ¢ volume exceed 1500 vphpl in th e remaining lanes Yes 1 x each D0 over 1,500
if answer to question 1 is an a rmative?®
8 Is highway section containing proposed work zon e a known Makes top 10: 10
location of congestion for the congestion management system? | Makes top 20: 9
Makes top 30: § etc.
9 Is section of the work zone near major tra ¢ generators? Based on seerity: 0-5
Seasonal: 10
10 | Is work zone proposing temporary bridg e, contra ow lanes, Based on complexity: 0-5
or cade chute?
Total Score
\aRf

This includes the conditions in which a traveled lane is lost permanently from the proposed work zone and continuously
for an extended period of time. (Loss of highway lane continuously for 3 months).

PThis includes the condition where the loss of highway lane is temporary, limited to peak periods of the day, and

only for an extended period of time. (Loss of highway lane only during certain hours of the day for an extended
period of time.)
°If AADT is not available, determine the ADT based on the nearest section of the highway where 24 hours volume
was recorded. The information needs to be based on an average of at least three regular weekdays during the months
when schools are in session. If the information is not available, use 10.
91 per-lane volume information is not available, divide the highest volume of any peak hour during the day
(6:00 a.m.—8:00 p.m.) by the number of highway lanes in the section of the work zone.

°If the proposed work zone will reduce the number of lanes, divide the highway volumes through the work zone
by the number of remaining available lanes.
fe107215"8¢ §¢1@ZE""—1'001—25>1-8“">1>8 E1+2—2>5+">0ed1le2E ‘1Sl T
31072850 —Se1e>S E1Z—755">0012Z1WVi

1%418——7285+15Y7Z5>5721+5'«¢1>S €01
per lane.
\b _ P R: NJDOT, Mobility and Systems Engineering, Operations Bulletin No. 006B, 2013.

1%18Y72>5¢71S5¢¢1>S EO01Y™ 1%

10.3.5 Crash Modi cation Factor

No CMF is applicable for this strategy.

10.3.6 Implementation Considerations

The following aspects might also be considered when deploying RTTS:

™_e1-§

YZUEZo

DOTs can integrate RTTS with a regional TMC or other state and project websites.
Costs associated with the purchase or lease of RTTS components can be signi cant.
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Agencies will need to perform comprehensive testing of the system.
An RTTS may also be supplemented with other informational devices such as a highway
advisory radio.

10.3.7 Design Features and Requir ~ ements
The RTTS consists, at a minimum, of the following:

Sensors to monitor and record traf ¢ data.
A PCMS to display real-time messaging to the general public.

It is important to design primary locations for the messaging so that travelers may choose
alternate routes based on the displayed time for their planned route. Secondary locations for
messaging would provide the traveler with travel time information. Although alternate routes
cannot be taken from secondary locations, travelers will be provided with real-time information
about their traf c delay situation.

10.3.8 State of the Practice

RTTS is one of the technology applications promoted by the FHWA’s SWZ during Round 3
of the EDC initiative. Many resources, including bid speci cations, deployment plans, and case
studies, are available on the National Work Zone Safety Information Clearinghouse website
(https://lwww.workzonesafety.org/swz/).

Arizona, lllinois, lowa, Ohio, Michigan, and Minnesota use RTTSs on certain corridors
continuously as a standard practice, increasing the exposure of the motoring public to this
concept. These states have mature systems that generate accurate and dependable results.

10.3.8.1 Maricopa County Department of Transportation

For Round 3 of the FHWA EDC initiative, the Maricopa County Department of Trans-
portation (MCDOT) developed an SWZ technical feasibility concept for arterial roadways
(Kimley-Horn 2016). The agency developed a general concept that identi ed the compo
nents to be used at all MCDOT SWZ deployments, regardless of the speci ¢ characteristics of
the work zone (length, location, duration, etc.). The recommended devices and order of core
components for MCDOT work zones are not expected to change. However, it is expected
that the actual location of each component in the work zone will be based on the speci c
characteristics of the work zone and the roadway in question. Ri@saelepicts the core
components and their relevant order for deployment in all MCDOT work zones.

In March 2019, MCDOT piloted the SWZ concept using an RTTS on the MC-85 reconstruc-
tion of arterial roadways forrBonths. Alternative routing was an important goal for this SWZ
deployment. The MCDOT TMC monitored all system operations, examining and overriding
variable messages, monitoring and changing traf ¢ signal operations, responding to alerts from
the system, and coordinating with all partners as part of the project.

Figure10.6 provides the layout where speci c technologies were placed to support the
MC-85 work zone Phase 1 initiative in both directions. At the time this guidebook was written,
MCDOT was conducting a performance evaluation of the SWZ deployment system from both
an operational standpoint (how well devices are working) and a bene ts standpoint (whether
SWZ goals are being met).

10.3.8.2 Louisiana

An RTTS was deployed during reconstruction of the Israel LaFleur Bridge (I-210) in 2018
to maintain the bridge’s integrity and extend its life. As expected, the work led to an increase
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Figure 10.5. MCDOT smart work zone concept layout (Credit: MCDOT).

in traf c congestion along 1-210, 1-10, and the area surrounding Lake Charles. Twenty-three
PCMSs that contained alternative route messages, travel time messages, or both—positioned 2
to 20 mi before the actual work zone—were deployed on this project.

10.3.8.3 Minnesota

During Summer 2012, three large construction projects occurred along a 70-mi stretch
of 1-35 between Hinckley and Duluth, Minnesota. MN-23, which runs parallel to 1-35, was
designated as an alternate route to help reduce congestion on I-35 during peak travel periods.
Figurel0.7 illustrateshe extent of the project area.

To provide motorists with travel time information in the construction work zones, MNnDOT
deployed an RTTS consisting of 7 roadside static signs with inserted changeable modules that

Figure 10.6. MCDOT smart work zone components during MC-85 reconstruction (Credit: MCDOT).
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Figure 10.7. 1-35 project location and RTTS signs (Credit: FHW A).

displayed real-time travel times to motorists. The RTTS was in operation 24/7 with updates to
the travel time signs occurring evemnnibutes.

10.3.9 Cost

The cost for deploying an SWZ, such as the RTTS, depends on the project duration and the
number of devices (e.g., message boards, traf ¢ sensors, speed trailers, cameras) used. In general,
the rental cost is the same for a PCMS or a traf ¢ sensor or camera—approximately $1,000 per
week. For longer-duration projects, the rental costs can be substantially lower.

WisDOT reported a cost estimate for an RTTS project that used 14 PCMSs, 16 sensors, and
2 cameras to be $113,000 fombnths in 2017 (TxDOT 2018). TxDOT estimated RTTS
deployment costs in 2015 on a project involving 8 PCMSs, 8 sensors, 8 trailers, and 8 cameras
at $835,690 for 3dhonths (or 1percent of total construction cost). TxDOT in 2016 estimated
a project involving 4 PCMSs, 8 sensors, 4 trailers, and 4 cameras at $410,06@fah24
(1 percent ototal construction cost).
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Public Awareness Strategies

Public awareness strategies refer to the various methods of communicating with road users,
the general public, communities, businesses, appropriate public entities, and other identi ed
stakeholders. Public awareness strategies consist of two strategies:

Program-level public information strategies
Project-level public information strategies

11.1 Program-Level Public Information Strategies
11.1.1 Description

Program-level public information strategies raise general awareness about motorist and
worker safety and mobility issues and the need for drivers to be vigilant while driving in work
zones. These strategies are not for one speci ¢ project, but are usually implemented for an entire
state, district, or geographic region. Examples of program-level public information strategies
are work zone safety and education campaigns, work zone safety curricula, and lane closure
websites.

11.1.2 When to Use

Program-level public information strategies can be used any time since they are designed to
inform the public generally, as opposed to providing traveler information. However, scheduling
these strategies during construction season is most likely to maximize the exposure of the
message to the target audience.

11.1.3 Benets
Individual program-level public information strategies provide the following bene ts:

Work zone safety and education campaigns and curricula

— Reduce driver frustration and road rage—type aggression, and may also lead to safer
driving behaviors

— Encoumage general safety when driving around work zones

— Help travelers know what signs mean and what resources there are for advanced planning

Lane closure websites

— Provide commuters with up-to-date traf c and construction information

— Give the public advance warning to make decisions

— Promote diversion of traf c to alternate routes

— Decrease public dissatisfaction with work zones

183
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11.1.4 Expected Effectiveness

There is no published evidence correlating the effect of program-level public information
strategies on work zone safety or mobility. However, providing updated information on work
zone activities reduces driver frustration and results in increased goodwill for an agency.

11.1.5 Crash Modi cation Factor
A CMF is not applicable for this strategy.

11.1.6 Implementation Considerations

Work zone safety and education campaigns may not reach most of the targeted audience if
appropriate dissemination methods are not used. A range of media may be needed, including
television, radio, newspapers, social media, and other measures deemed appropriate for a
particular geographic area. Further, projects will also need to target information to those who
speak languages other than English or require alternative formats to accommodate disabilities.
Ensuring that all motorists have updated and reliable information on work zone activities can
be time consuming.

11.1.7 Design Features and Requir  ements

Work zone safety campaigns are designed to create awareness among road users that worl
zones require more caution; the campaigns can be implemented using websites and media
campaigns (social media, radio, and television). These campaigns target such work zone safety
issues as agger instructions, early merging, and driver awareness and comprehension of work
zone messages.

Educating drivers, pedestrians, and other road users on the meaning of work zone TCDs
and appropriate actions to take in work zones can be achieved through training videos and
brochures. Education tools may include meanings of work zone TCDs and instruction on what
actions drivers are to take when they encounter speci ¢ TCDs.

A lane closure website may include details on location of closure; description of lane closure
type; direction of closure; number of lanes in direction of closure for weekday, weekend, and
night construction; and the date and time work will begin and end.

11.1.8 State of the Practice

The typical program-level public information strategies are work zone safety and education
campaigns, work zone safety curricula, and lane closure websites. Selected examples of stat
DOT practices in the aforementioned categories follow.

11.1.8.1 Work Zone Safety and Education Campaigns

The National Work Zone Awareness Week (NWZAW) is an example of a work zone safety
and education initiative at the national level. For the past 20 years, the NWZAW has been
taking place each year in the spring to bring attention to motorist and worker safety and
mobility issues in work zones. It is held in partnerships between FHWA, AASHTO, state
DOTs, national road safety organizations, private companies, and individuals. National Go
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Orange Day, introduced in 2016 and held on the Wednesday of NWZAW, is a staple of
NWZAW and encourages individuals and organizations across the country to wear orange to
express their support for work zone safety. The activities conducted as part of the NWZAW
are documented and available widely on the NWZAW web page (http://www.nwzaw.org/),
and thus are not covered in this section.

In addition to a national event conducted each year, most states host their own NWZAW
events. For example, OKDOT, as part of the 2019 NWZAW, launched the “In the Game of Cones,
Safety Always Wins” campaign, a playoff of the popular television show Game of Thrones. As part
of this campaign, OKDOT developed and posted content on Facebook and Twitter feeds, as
well on digital billboards in both Oklahoma City and Tulsa metro areas during April 1-14, 2019
(Figure 11.1).

Along with events associated with the NWZAW, some agencies have made efforts to
emphasize work zone safety more broadly by hosting awareness events throughout the year.
Work Zone Wednesday, a weekly effort to remind the public to drive carefully in work zones,
is an example of one such event.

The Michigan Work Zone Safety Task Force was of cially launched in October 2018 as a
collaborative effort between MDOT and Michigan’s heavy/highway construction industry.
It is the goal of the task force to reduce and eliminate work zone injuries and deaths for con-
struction workers and motorists. As part of this effort, the Work Zone Wednesday campaign
was launched in February 2019. Michigan’s campaign is a weekly Facebook and Twitter effort
to get drivers’ attention and make them think about safety behind the wheel. Figure 11.2 shows
example posts from the 2019 campaign.

In 2016, OKDOT began Work Zone Wednesday messaging during its Work Zone Awareness
campaign. The rst 2 months proved to be so successful and memorable with drivers that
OKDOT decided to carry on this weekly tradition for years in order to improve driver safety
habits. Every 2 months, a committee of OKDOT employees plans messages that are informa-
tional or seasonal or have to do with a current pop culture trend. The message is displayed
every Wednesday on the 52 digital messaging boards throughout the state, reaching more than
3.1 million drivers. Figure 11.3 shows example posts from the 2019 campaign.

Figure 11.1. Oklahoma DOT NWZAW campaign (Credit: Oklahoma DOT).
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Feb 6, 2019 Post May 1, 2019 Post Oct 30, 2019 Post

Figure 11.2. Michigan Work Zone W ednesday example posts (Credit: Michigan Work Zone Safety Task Force).

11.1.8.2 Minnesota Work Zone Safety Curricula

The MnDOT Work Zone Safety Awareness Program (WZSAP) is a public education program
that promotes safe driving in winter and summer highway work zones. The WZSAP is a free
multimedia program that includes slides, overheads, a PowerPoint presentation, and video
segments. Most of the 30- to 40-minute presentation offers motorists guidance on navigating
work zones. Additional information on the WZSAP can be found at http://dot.state.mn.us/
const/wzs/speakers.html.

The Minnesota Local Technical Assistance Program also provides a free online tutorial,
Orientation to Work Zone Safety, designed to provide work zone employees with an under-
standing of the most basic aspects of safety in a work zone and encourage them to develop
safe habits. Orientation to Work Zone Safety begins with how a worker should prepare before
entering the work zone, and it ends when the worker is off site and out of the work zone area.
Additional information on the program can be found at http://www.mnltap.umn.edu/training/
online/workzone/index.html.

March 20, 2019 Post April 24, 2019 Post May 29, 2019 Post

Figure 11.3. Oklahoma DOT Work Zone W ednesday example posts (Credit: Oklahoma DOT).

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

Public Awareness Stratedi83

11.1.8.3 Lane Closure Websites
A lane closure website summarizes planned lane closures for public information, listing the
routesinvolved as well as the closure start and end dates, in both text and graphical forms.

Several states have developed lane closure websites to disseminate accurate work zone lane
closure information to the public. For example, the Wisconsin Lane Closure System web site is
found at https://transportal.cee.wisc.edu/closures/.

FDOT developed the Lane Closure Information System (https://www.fdotlcis.com/) in 2010.
Figure 11.4 shows a snapshot of FDOT's lane closure system.

Similarly, Caltrans uses a planned lane closure website (https://Icswebreports.dot.ca.gov/main?
district Statewide) to report lane closure status. Figure 11.5 shows a snapshot of a Caltrans lane
closure system.

11.1.9 Cost

The budget for program-level public information strategies depends on several factors: the
agency'’s in-house capability, selected strategies that are already established within the agency
and can be readily used, and the role of partners.

Figure 11.4. Florida lane closure information system (Credit: FDOT).
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Figure 11.5.

Caltrans lane closure system (Credit: Caltrans).

11.1.10 Resources and Refer ences

FHWA. Guidelines on Improving Work Zone Safety Through Public Information and Traveler Information.
No. DTFH61-06-G-00007, FHWA, U.S. DOT, March 2011.

FHWA. Work Zone Public Information and Outreach Strategies, FHWA-HOP-05-067, FHWA, U.S. DOT,
November 2005.

Fry, PJ Safety Evaluation of Billboard Advertisements on Driver Behavior in Work Zones, Ohio University,
May 2013.

Gallo, AA.Development of Performance Assessment Guidelines for Virginia’'s Work Zone Transportation Manage
ment Plans, University of Virginia, May 2012.

Higgins, L., A. Nelson, T. Geiselbrecht, and B. Ullman. Understanding the Decision-Making Process for Drivers
Faced with Lane Restriction or Closures on Wisconsin Highways, 0092-11-15, Wisconsin Department of
Transportation, February 2013.

IDOT. Best Practices in Public Involvement, Indiana Department of Transportation, 2014.

Minooei, F., N. Sobin, P. Goodrum, and K. Molenaar. Community Outreach Tools and Strategies for Acceleratec
Highway Construction Projects Implementation Guide, TPF-5(260), University of Colorado Boulder, January
2016.

O’Leary, AA., C.A. Kyte, ED. Arnold, Jr., and MA. PerfaterAn Assessment of the Virginia Department of
Transportation's Public Involvement Practices and the Development of a Public Involvement Toolkit: Phase
VTRC 03-R17, Virginia Department of Transportation, June 2003.

Ross, H., andA. J. Pietz. Maximizing Investments in Work Zone Safety in Oregon, OR-RD-12. Oregon
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Sanders, DA., JJ.Sluss, Jr., and S. Radhakrishnan. Deployment Plan 511 Traveler Information Services, OTC
Report 2005-1, Oklahoma Transportation Center, January 2005.
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11.2 Project-Level Public Information Strategies
11.2.1 Description

Project-level strategies are used to communicate with road users, the general public, area
residents and businesses, and appropriate public entities about a speci ¢ road construction
project and its implications for safety and mobility in the area.

11.2.2 When to Use

All work zones can incorporate some form of project-level public information strategy. For
small, short-duration work zones, the public information and outreach effort may be limited
to routine efforts (e.g., press releases, community meetings). Longer, more disruptive projects
may warrant more elaborate public information strategies and may require signi cant data
collection and analysis. The size and nature of a public information and outreach campaign will
be determined by the anticipated effects of the project.

Agencies might consider a range of elements when determining the size and nature of the
public information strategies to be implemented:

Traf ¢ delay and safety at the corridor and network levels, including effects on parallel
corridors and alternate routes.

Disruptions of other modes of transportation, including pedestrian and bicycle traf ¢ and
transit.

Other public and private entities (such as schools and universities).

Planned special events (such as sporting events, holiday parades, and concerts).
Businesses and residences.

A combination of several strategies may make sense for some projects, while only one or
two of the strategies may be necessary for other projects. Typically, there will be a signi cant
amount of interaction between different means of communication. For example, informational
materials such as brochures and fact sheets can be posted on project websites, making them
more widely accessible. Ultimately, these agency-provided project materials may reach the
public indirectly through reporting in newspapers, on radio, and on television.

Ultimately, the decision about which mechanisms to use for a speci ¢ project depends
on the target audiences, message to be communicated, available budget, agency resources and
expertise with these strategies, and other factors.

11.2.3 Benets
The use of project-level public information strategies provides the following bene ts:

Raises awareness of the special safety and mobility challenges that the public will encounter
in a speci ¢ work zone.

Creates traf c avoidance during construction (i.e., reduces demand).

Increases road-user awareness (of, e.g., road closure, pedestrian/bike detour).
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Decreases impatient driver behaviors (e.g., speeding and road rage).
Builds trust with the public and promotes project support.

Table 11.1 provides a summary of the bene ts and implementation considerations for the
individual project-level public information strategies.

11.2.4 Expected Effectiveness

It is dif cult to separate the effectiveness of individual project-level public information
strategies because individual strategies are not mutually exclusive or cumulative. However,
a 2015 pooled-fund study (Minooei et al. 2016) indicated static signs and variable sign boards
have the highest usage rate among outreach tools used to increase public awareness. This ca
be justi ed in that one of the main functions of these tools is to notify motorists of safety
issues in work zones. The next three most frequently used tools of communication are project
websites, social media, and radio advertisements (Figure 11.6).

The same study (Minooei et al. 2016) also found mobile applications to be the most effective
outreach tools in reducing traf c demand (Figure 11.7). This can be attributed to their ability to
provide real-time information that allows motorists to plan in advance of their travels. The next
most effective tools for traf ¢ avoidance are social media, project-speci ¢ television advertise-
ments, interviews with television news reporters, and text message alerts.

Table 11.1. Summary of individual project-level public information strategies.

Strategy Bene es Implementation Considerations
Project e Accsss to real-time o e ES—e1Z "sel 'eel<«Z15787'5Z1e7 1L —o">.
Website information of website’s existence.
e Ability to a ccess dl project- e Information needs to be current and acurate
related materials in one place (static and real-time).
e May be easy to update e Costs vary based on complexity of website.

e Mechanisms to collect data or information may ne ed
to be created to feed site.
e A process far tracking pub lic use is necessary.

Public e Good exposure to public e Need to make sure right audience is at the events.
Meetings, | e Gives agency a chance to raise| ¢ Need to be wary of making “empty promises.”
Workshops credibility with pub  lic e Need to keep database of stakehotlers updated.
and e Gives public a chance to voice

Community their concerns

Events
Paid/Earned | ¢ Can reach many people at one | ¢  Declining readership of print media.

Media time e May only target local/ regional motorists.

e Same a can be used in many | e Costly to implement.
di erent newspapers e Coverage more likely for mega projects.

e Agency controls content and
timing of the me ssage

Social e Low cost e Outreach limited to those who download and use
Media e Easy todistribute and update social media apps.
Printed * Low cost e Information can become stale quickly.

Materials e Easy todistribute e Often targets local motorists only .

e Needs to be designed in a maner that makes
drivers want to read the information.

E-mail/Text | e Low cost e Audience is limited to those people who sign up
Al erts e Can reach many people at one for the service.
time e Need to determine criteria for when to send alerts.

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

Public Awareness Stratedifg

Figure 11.6. Effectiveness of outreach tools to increase awareness (Credit: University of Colorado).

Figure 11.7. Effectiveness of outreach tools to create traf ¢ avoidance (Credit: University
of Colorado).

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

192 Strategies for Work Zone Transportation Management Plans

11.2.5 Crash Modi cation Factor
A CMF is not available for this strategy.

11.2.6 Implementation Considerations

Projects need to start developing and implementing public information strategies well
before road construction begins and to monitor the effectiveness of the strategies throughout
the life of the project. Successful deployments of public information strategies generally include
the following key steps:

Step 1.Determining the appropriate size and nature of the public information and outreach
campaign.

Step 2.ldentifying resourcesecessary to support the campaign.

Step 3.ldentifying partnergo assist in developing and implementing the campaign.

Step 4.ldentifying targetiudiences for the campaign.

Step 5.Developing thenessages for the campaign.

Step 6.Determining communication strategies for disseminatimg messages to the target
audiences.

Step 7.Determining communicatioiming for the campaign.

Step 8.Evaluating theffectiveness of the campaign.

11.2.7 Design Features and Requir  ements

The following are commonly used mechanisms to disseminate work zone project-level
public information strategies:

Project website. Project-speci ¢ websites can provide both static and real-time information,
including many other forms of project information, such as all types of written material,
traf c camera images, travel times, photographs, maps, and links to other sources- of infor
mation. Moreover, many features can be made interactive with links to map icons and pop-up
textualinformation and camera views.

Public meetings, workshops, and community events. This strategy involves presenting
project information to the public, the community, and businesses and soliciting their input
concerning potential concerns, impacts, and management strategies.

Paid or earned media. Paid announcements of an upcoming major project may use news
paper, radio, or television ads. Paid advertisements can also be used for progress updates o
to provideinformation regarding major changes to the work zone con guration.

Agencies use free media (also known as earned media), such as news stories and traf ¢
information, to the maximum extent. Large projects are typically considered newsworthy by
local media outlets, so it is relatively easy to get news coverage.

Social media. Provide breaking traf ¢ alerts and road closure information via social media
(namely Facebook and Twitter).

Printed materials. Printed materials can include information on project phasing, events,
and other important work zone details. They can be in the form of brochures, newsletters,
yers, fact sheets, or maps. Dissemination methods include mailing, hand delivering, placing
in newspapers and on project websites, and distributing at public meetings, workshops, and
community events.

E-mail and text alerts. Lane closures, delays, and incident/crash information can be distributed
to travelers who have signed up for e-mail and text alerts. Information can be sent to an e-mail
account or a cell phone.
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11.2.8 State of the Practice
Examples of project-level public information websites follow:

Transform 66 Outside the Beltway, Virginia (http://outside.transform66.org/)

Improving 295, District of Columbia (https://www.improving295dc.com/)

Rehabilitation of the Whitney Young Memorial Bridge, District of Columbia (https://www.
eastcapbridge.com/)

11.2.9 Cost

The budget for a project-level public information strategy will depend on several factors,
including the size and nature of the campaign, the communication strategies selected, whether
the selected strategies are already established within the agency and can be readily used, and
the role of partners. In general, expenditures for project-level public information strategies
typically range from 0.3 percent to 1 percent of the entire project budget.
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May 2013.
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Other Practices

This section discusses decision-making tools, other practices, emerging technologies, and
successful policies and procedures of selected agencies. The following practices are covered i
this section:

Smart work zone implementation tools

12.1 FHWAWork Zone ITS Implementation Guide and Tool
12.2 TxDOT Go/No-Go Decision Tool

12.3 MnDOT Work Zone ITS Decision Tree

Alternate contracting decision tools

12.4 Project Delivery Selection Matrix

12.5 Procurement Procedures Selection Matrix

12.6 Project Delivery Method Selection Guidance

Work zone safety and mobility assessment at the agency and project levels
12.7 Ohio DOT Mobility and Safety Performance Measures
12.8 MDSHA Work Zone Performance Monitoring Tool

12.9 lowa DOT Statewide Smart Work Zone Program

12.10 Sakty Assessment Tool for Construction Phasing Plans
Traf ¢ control devices

12.11 Speial-color Pavement Markings

12.12 Automated Truck-Mounted Attenuator

12.13 Green Lights on TMAs

Work zone operations

12.14 Roling Roadblock Procedure for Temporary Lane Closures
12.15 Work Zone Cell Phone Restrictions

Lane closure policies and permitting systems

12.16 Colorado Lane Closure Strategy

12.17 MnDOT Lane Closure Manual

12.18 ODOT Permitted Lane Closure Schedule

12.19 Wismnsin Web-Based Lane Closure Permitting Systems
12.20 Caltrans Lane Closure System

e-Construction and partnering

12.21 e-Castruction and Partnering

12.1 FHWA W ork Zone ITS Implementation Guide
and Tool

FHWA developed the Work Zone ITS Implementation Guide in 2014 to assist in the design
and implementation of ITSs in work zones (Ullman, Schroeder, and Gopalakrishna 2014).
The guide provides the key steps required to successfully implement SWZ applications,

194
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by illustrating how the systems-engineering process should be applied to determine the feasibility
and design of a work zone ITS for a given application. Each key step is de ned in each chapter—
assessment of needs; concept of development and feasibility; detailed system planning and
design; procurement; system deployment; and system operation, maintenance, and evaluation.
Within the Work Zone ITS Implementation Guide, FHWA drafted general scoring criteria that
agencies could use to assess the feasibility of using smart work zone technologies.

12.2 TxDOT Go/No-Go Decision Tool
TxDOT has identi ed six SWZ systems for use in its work zones:

1. Queuedetection

2. Sped monitoring

3. Construction vehicle alerts

4. Travel time systems

5. Over-height warning systems

6. Temporary incident-detection systems

Because the criteria for system selections are unique to each project, TxDOT has developed
an Excel-based SWZ decision tool to streamline the process of selecting an SWZ system for a
project. The Go/No-Go Decision Tool scores the extent to which several criteria (e.g., work zone
duration, traf c volumes, functional classi cation, estimated queue lengths, sight distance at
back of queue, over-height vehicle/low clearance structure) are satis ed.

The tool then automatically assigns the criteria scores to each of the six SWZ systems and
presents a summary to help staff decide which to use. This score produces a logical basis for
including any combination of SWZ systems into the project design, which effectively de nes the
SWZ scope. Figuti.1 showa snapshot of the decision tool.

AppendixM providesthe decision tool workbook scoring criteria.

12.3 MnDOT Work Zone ITS Decision T ree

MnDOT developed a scoping decision tree to enable early and improved identi cation of
intelligent work zone technology needs, including

Identifying resource needs, including time and resource allocations and ef ciencies;
Improving project cost estimating and project scheduling;

Permitting technology interoperability;

Evaluating infrastructure readiness and compatibility; and

Deploying cost-effective solutions for future expansion and full integration of ITS.

AppendixN presentshe work zone scoping decision tree.

12.4 Project Delivery Selection Matrix

CDOT developed a PDSM to provide a risk-based and objective selection approach to
choosing from the three common project-delivery methods of DBB, D-B, and CM/GC. The
PDSM provides support and justi cation for the choice of delivery method for a particular
project. The evaluation uses project attributes, goals, and constraints to compare primary and
secondary evaluation factors. Then, the selection tool uses a nonnumerical rating system for
each evaluation factor, so that the cumulatively highest ranked method becomes the optimal
delivery method. Figur#2.2shows the PDSM process owchart. Appendlixincludes the
full PDSM tool and provides an example of a PDSM decision.
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Scoring Factors

Scoring Range Criteria

Score

Impact from local tra8c generators

Signi.cant-local faiti ¥s arelarge enough to have 8cial des¥ha Yon signs on the Interstate
highway such as conference centerspigp arenas etc., so theyr@duce large surges in t&c
before/a Ler large events(20 points)
ModeratedL ol businessesor public fadi ¥es generate trdc volumes thatou Yiely backip the
on/o +ramps such as aming and evening rush hour¢10 points)

Minimal-Any circumstance that causescasional baakps on the on/otramps such as
congested loal arteralsor rail aossingg5 points)
None(0 points)

Es¥nated Queue Legth
(Calculatedor see Max Queue
Length tab for raugh es¥nate)

> 7 miles(130 points)
3.5t0 7 niles (110 points)
0to 3.5 niles(85 points)
None (0 points)

Siht Distance at back of Queue

Sight distancessues exist where the back aieue willlikely accur. (30 points)
Not goplicable(0 points)

Exis¥g tra8c issues

Higher than mrmal crash rates, gridloak frequent exit ramp baakps(30 points)
Not gpplicable(0 points)

Availability of Alternate routes

Convenientlternateroutes with capacity are ailable. 8 points)
Noalternateroutes awilable(0 points)

Merging conG ]ct or hazards on th
approach to wak zone

€ External merging co6 ]Jctsr hazards on thegproach toor within the work zone.15 point9
Not gplicable(0 points)

Complex tra8c control layout

Mul ¥ple dossovers, sharp curves lane sfits (3 points)
Not goplicable(0 points)

Adjacent/consecu'e project

There are djacent ac¥e projects e+ec Yely creahg a mega-ject that totals...
longer than10 milesor longer than 2 year$(points)
between 5 t010 milesor between 1 ad 2 yearsZ points)
between 2 to 5 nlesor between 6 months to 1 yeafl point)
less than 2 rilesor less than 6 monthd)(points)

Sca@red/short term project

The poject inclides mul¥le stort term lane restrichg ac¥i ¥s that are sc@red acoss the
state. (ex. bridge @in Yag)(3 points)
Not gpplicable(0 points)

Extreme weather codi Yon

Work zone has a known hity of sidden extreme weather audi Yon, sadstorm, etc. Or
projectduraon covers several harsh weather seas(® points)
Not applicable(0 points)

Canected vehicle

>5%(3 points)
<5%(0 points)

Existg ITS Systems

Project falls inside an exi¥ig Advanced Tr@c Management System?
The MC has the intent to irarporate the travel ¥ne and delay esfna Yhg system into the MIC
operaYons?
The TMC can remotely contl their exishg advance traveler iofmaYon systems?
(Each quedbn worth 1 point)

Heavy vehicles

>12%(3 points)
>9%(2 points)
>6% (1 point)

<=6%(0 points)

Raw Score

Normadized Score (0 td00)

Figure 12.1. TxDOT Go/No-Go Decision Tool scoring criteria (Credit: TXDOT).
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Figure 12.2.

Project delivery selection matrix owchart (Credit: University of Colorado).
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12.5 Procurement Procedures Selection Matrix

The CDOT procurement decision-support tool, called the Procurement Procedures Selec-
tion Matrix (PPSM), provides a risk-based and objective selection approach to choosing
a procurement procedure from the three common procurement criteria of low bid, best value,
and best quali ed. The PPSM then provides support and justi cation for the procedure chosen.
The selection process, similar to the process used for selecting a delivery method, uses speci c
project attributes, goals, and constraints to evaluate factors critical to the decision. The evalua-
tion factors use a qualitative rating system, and the overall highest-ranked procedure becomes
the most appropriate procurement procedure. Fidie8 shows the PPSM process owchart.
AppendixJ2 includeshe full PDSM tool and provides an example of a PDSM decision.

12.6 Project Delivery Method Selection Guidance

Using CDOT'’s PDSM as a foundation, WSDOT developed the Project Delivery Method
Selection Guidance (PDMSG). The previous selection process automatically assumed DBB as
the project-delivery method (PDM) unless approval to use D-B or CM/GC as the contracting

Figure 12.3. Procurement procedures selection matrix owchart
(Credit: University of Colorado).
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method was pursued. The PDMSG provides progressive evaluation tools to determine the
optimal PDM, with each tool scalable to the appropriate level of effort based on the type and
size of the project. The original policy was that every project was required to be evaluated under
PDMSG. WSDOT's direction now is that projects less than $2 million and preservation projects
less than $10 million are programmatically excepted from PDMSG. All projects are evaluated
in two steps:

Step 1.Before region program management of ces approve the project pro le, the probable
PDM is established through collaboration with region subject experts and is documented in
the Capital Program Management System.

Step 2.0nce the project pro le is approved and the design stage is abqerdént to
30percent complete, the nal PDM is determined, a work order is set up for the project, and
the project is assigned to a region project engineer’s of ce.

A selection checklist (Appendfd) is used during the nal PDM to quickly identify projects
that have an obvious optimal PDM. A selection matrix (Appeid if needed as a second
step, is used for more complex projects to determine the nal PDM. A workshop is required for
projects that cost $100 million or more to determine the nal PDM.

12.7 Ohio DOT Mobility and Safety
Performance Measur es

12.7.1 District Work Zone T  raf ¢ Manager Noti cation Plan
for Signi cant Impacts (by TMC)

The ODOT statewide TMC sends a courtesy noti cation to the ODOT district work zone
traf c manager (DWZTM; one designated per district) when a signi caft{5mi) queue
results from work zone operations that were not previously planned (and approved). Upon
noti cation, the DWZTM veri es the eld conditions to determine if queuing is the result of
work zone operations or some other incident and addresses the concern as appropriate. This
procedure helps ODOT monitor and mitigate unexpected queuing.

Figurel2.4 is an example of a noti cation that would be sent when an unexpected signi cant
impact was observed as a result of a work zone operation. The noti cation is limited to what the
TMC operators are monitoring and does not include all of the projects and roadways.

12.7.2 Work Zone Mobility Report (a.k.a. volcanogram)

The ODOT volcanogram report includes graphs representing the number of hours in which
traf ¢ speeds dropped below &3ph in or on either side of a work zone during each month.
There are also monthly views to compare different months and to compare the same month
across different years for they@ars before construction began. The volcanogram indicates
traf ¢ speeds before and after work zones are in place and also gives a general idea of the delay
pattern. If there is a sudden change in one month, the work zone traf c managers can determine
if there is any issue or shift in con guration. There are also efforts to extend the reports a few
miles on either side of the work zone to provide an overall review by including work zone effects
propagated upstream and downstream, outside the normal work zone length.

Volcanogram reports are run for a select number of projects each yearlEi§ymvides an
example. The black vertical bars represent the limits of the work zone, and the report can show
more than one project if they are closely located. For comparison, the chart contains historic
lines representing the same number of hours to that point in flea before construction
(each month is a different band or layer in the graph, and the historic lines also represent the

Copyright National Academy of Sciences. All rights reserved.



Strategies for Work Zone Transportation Management Plans

200 Strategies for Work Zone Transportation Management Plans

Figure 12.4. Snapshot of ODOT queue noti cation (Credit: ODOT).

Figure 12.5. ODOT work zone mobility report, a.k.a. volcanogram (Credit: ODOT).
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total number of hours for same month for the respective historic year). ODOT also looks for
irregularities in the bands or an unusually high number of hours undeapB5n reference to

the trend for the corridor. As the scale adjusts for each zone based on the overall numbers, users
need to reference the x-axis scale to keep the number in perspective, rather than just going by
the visual effect of the spikes.

Volcanogram reports are shared with the DWZTMs, who in turn share them with the project
engineers. Any irregularities found and the resulting information received is shared with the
Project Impact Advisory Council at its monthly meeting.

12.7.3 Work Zone Crash Summary (near real time)

Crash summaries are run each month on the same select projects that run volcanograms.
Crash data are extracted electronically from the law enforcement agency. The data display
the number of crashes throughout the corridor as well as by month and the historic maximum.
The 3-year average before construction is also shown for reference.

DWZTMs receive work zone crash summaries and are encouraged to share them with project
engineers. The DOT checks for irregularities and discusses with the districts to determine a
reason for the irregularity and any improvements that can be made. ERj@ris arexample
of a crash report summary.

12.7.4 Work Zone Crash Modi cation Factors Report

ODOT also runs a CMF report monthly on many of the same. These reports compare the
number of crashes in a speci ¢ work zone with the expected crashes based on a CMF for work
zone presence. The CMFs used are from NCHRP Research Report 869 (blli@@hd3tand
are for work zones with no lane closure where worker presence is unknownl1Eigwskeows
theformulas and a snippet from the report.

12.8 MDSHA Work Zone Performance Monitoring T ool

In 2015, MDSHA developed the web-based Work Zone Performance Monitoring (WZPM)
tool to assist in compliance with requirements in the Final Rule on Work Zone Safety and
Mobility. The WZPM tool uses agency-provided construction and incident data feeds merged
with INRIX probe vehicle data to calculate real-time mobility and safety information within and
around a work zone.

The WZPM tool uses probe vehicle data to show real-time ow information within and
around a work zone. Users are able to view the current ow conditions, including speed, travel
time, and queue length, through the work zone or within a user-selected number of miles
upstream and downstream from the work zone. The real-time ow information is plotted and
compared with historical conditions to identify slowdowns, delays, and poor mobility in general.
In addition to ow information, the WZPM tool calculates user delay cost associated with each
work zone to communicate the cost of time and fuel consumption, as well as the emissions
drivers experience because of the work zone (FIgL83.

The WZPM tool pulls incident information from MDSHA’s CHART real-time operations
system to show nearby incidents and lane closures that may affect or may be affected by the work
zone.The tool maintains a historical count of nearby incidents to provide additional information
related to frequency of incidents and their relationship to the work zone. Live CHART CCTV
feeds are also available to allow users to view the traf ¢ conditions.
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Figure 12.6. ODOT work zone crash summaries (Credit: ODOT).

Figure 12.7. ODOT WZCMF formulas and report (Credit: ODOT).
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Figure 12.8. Snapshot of Maryland’s W ork Zone Performance Monitoring Tool (Credit: MDSHA).
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12.9 lowa DOT Statewide Smart Work Zone Pr ogram

In 2014, the lowa DOT initiated a new effort to identify key work zones across the state as
traf c-critical projects (https://sites.google.com/site/iowatcp/home). The Traf ¢ Critical Projects
program identi es key construction projects across the state that may cause signi cant safety or
mobility issues to the traveling public. Using various mitigation methods, the program works to
reduce or eliminate any potential safety or mobility concerns. A snapshot of the Traf ¢ Critical
Projects web page is shown in FigL2ed.

Since its inception in 2014, the Traf ¢ Critical Projects program has grown from 20 projects
with 14 SW2systems to 78 traf c-critical projects with 42 SWZ systems in 2017.

To best facilitate SWZ deployments on selected traf c-critical projects, lowa DOT determined
that a stand-alone, quali cation-based procurement contract for an SWZ device vendor
would provide the greatest bene t at lowest cost to meet Traf ¢ Critical Projects program goals.
lowa DOT used a support consultant to help develop an RFP to select vendors to provide SWZ
equipment throughout the state. A stand-alone SWZ vendor contract, separate from construc-
tion contracts, was employed to ensure the vendor had the required technical expertise to allow
guicker and easier response to system operations and for exibility to add or remove SWZs to
projects not initially identi ed on the original Traf ¢ Critical Projects list.

For system deployment, planned SWZ device locations are rst veri ed and marked in the
eld for optimal visibility and to maintain state and federal sign spacing recommendations
(Figure12.10). The SWZ vendor then brings the equipment on site, placing devices at the
marked locations in the corridor, and provides device details for software integration. Software
integration involves entering the SWZ equipment into the traf c management software and
incorporating alert-processing logic required for EQWS. This also included adding the SWZ
PCMSs and cameras to the public 511 website and mobile application.

The SWZ tools being used include traf ¢ sensors and cameras that can monitor the areas
24/7, sending data on traf ¢ speeds, queue length, and images to the local TMC. Operators in the
TMC can then communicate through message signs along the road, the 511 system, and Twitter
and Facebook to alert the public to issues that might affect them. Live video from the cameras

Figure 12.9. Snapshot of lowa traf c critical projects program website monitoring
(Credit: lowa DOT).
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Figure 12.10. lowa’s Traf ¢ Critical Projects and intelligent work zone device
location map (Credit: lowa DOT).

can also be viewed at http://www.511ia.org/. In addition to the SWZ tools alerting the TMC,
engineers and inspectors working on speci ¢ projects will automatically receive text messages
when slowdowns of more thamtinutes happein a work zone equipped with speed sensors.

By using real-time video feeds, receiving noti cations of traf ¢ backups or other disruptions
in the ow of traf ¢c from the queue detection units, or observing speed trends from INRIX and
Google data, lowa DOT is able to manage traf c in the work zone effectively. The portable and
static message signs are used to manage queue backups, provide advance warning of delays, or
move traf c to preplanned routes or detours.

lowa DOT's statewide approach to intelligent work zones is unique. Many states deploy
various intelligent work zone technologies on a project-by-project basis, but their systems may
not be compatible across projects and their TMCs may not be able to monitor them. In lowa’s
case, the TMC receives alerts when queues are detected and uses the SWZ cameras and message
signs just like its permanent cameras and signs.

SWZ system evaluation and performance monitoring is made possible through a collaboration
with lowa State University’s Center for Transportation Research and Education. In 2017, the
Center used several layers of performance measures and data from within and just beyond
the work areas to evaluate each project. The performance-monitoring tools developed allow
users to view, in real time, the effects of work zones on traf ¢. The Center’s web-based interactive
tool has various modules, including an overview map, weekly performance, daily performance,
speed heat maps, sensor performance, and hourly volumes.

Implementation of this program has had signi cant effects on how the lowa DOT operates
and maintains construction and maintenance work zones:

Performance measures. Performance-monitoring tools were developed to view the effects
of work zone projects on traf ¢ and to monitor the traf c-sensor operating status. The data
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collected by cameras, sensors, and message signs are connected to a web-based performanc
monitoring tool, which is updated every night to add information about the previous day to

the view. All historical data are retained from the database, so information from any time
interval can be queried at any point.

Traf ¢ sensors have been the primary source of data for performance monitoring since
the Traf ¢ Critical Projects program was established. Sensors provide high-granularity data,
which are bene cial when monitoring performance but could be highly variable based on the
make or model of the sensors.

During the 2017 construction season, the lowa State University Institute of Transporta
tion (InTrans) signi cantly improved performance-monitoring results by using machine
learning to eliminate common false traf ¢ events, by using a xedptbthreshold. Machine
learning better identi es traf ¢ events and has signi cantly improved the accuracy of the
performance measures and decreased the number of false events detected by the previous
systems. Recently, InTrans expanded the use of INRIX data to monitor projects and road
ways where sensors are not deployed. INRIX probe data do not include volume, so the
performance measures differ slightly from what is available using permanent or portable
sensors. The amount of INRIX data is highly variable based on the type of roadway. InTrans
receives a weekly snapshot of crash data from lowa DOT, which provides the ability to perform
further crash analysis regularly.

Text alerting. InTrans developed a work zone text messaging alert system during the 2017
construction season. Machine learning was used to identify slow and stopped conditions
within the work zone, which was then used to develop an algorithm to send text alerts of
slowdowns in work zones across the state. A feed was developed to summarize this information
for each work zone and is used in the TMC operations dashboard, as well as for text alerting
to DOT staff.

Work zone capacity. At the time this guidebook was written, InTrans was working with
lowa DOT to determine the capacity of different work zone con gurations, including a
capacity comparison for bridge-related work using a single lane versus two narrow lanes.
Additionally, InTrans is looking at the effects towing and extra enforcement have on
capacity.

Lane closure planning tool. The lane closure planning tool provides convenient access to
traf ¢ data, which can be used to determine when a lane can safely be closed. The tool uses
data from ITS sensors to update its database every month, which includes the hourly volume
by month, day of week, and time of day. Hourly volumes are currently being expanded to
include the average, minimum, maximum, and 25th and 75th percentiles. In addition to raw
hourly volume, automobile-equivalent hourly volume is also calculated.

Open data service. InTrans has developed an open data service intended to provide high-
quality, near real-time data feeds for any public or private entity. Data feeds and services
support both agency and external users over a wide range of use categories. The sources ar
varied and can include operation, roadway, weather, maintenance, and safety data. Several
InTrans initiatives, including text alerting, the TMC operations dashboard, and the lane
closure planning tool, use the open data service for their databases. This data service integrate:
multiple data sources available to the DOT.

12.10 Safety Assessment Tool for Construction
Phasing Plans

The Highway Safety Manual (HSM) (AASHTO 2010) provides limited guidance for work
zone safety evaluation. It only gives two CMFs to calculate the effect of an increase or a decreas
of freeway work zone length and duration on the crash count.
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Figure 12.11. User input window of the safety assessment tool
(Credit: University of Missouri).

A study (Brown eal. 2016) conducted for FHWA by the University of Missouri—Columbia
addressed this gap in knowledge by developing a spreadsheet-based safety assessment tool for
freeways, expressways, rural two-lane highways, urban multilane highways, arterials, signalized
intersectionsyn-signalized intersections, and ramps.

Using data from Missouri work zones, the study developed 20 crash-prediction models. The
tool predicts crashes by severity and crash costs for each work zone alternative based on input
data provided by the user. All models were programmed in a user-friendly spreadsheet tool
for practitioners. An illustrative example is presented to show how this software can be used for
assessing the safety of different work zone plans. ERyddeand Figurg2.12 show the software
graphical user interface and an example of output, respectively.

12.11 Special-Color Pavement Markings

Roadway lanes are often repositioned to accommodate highway work operations; as a result,
pavement markings need to be altered. Although there are various methods for removing or
obscuring pavement markings, “ghost” markings often remain at the locations of the old lane
lines. These ghost markings can be conspicuous under certain lighting conditions, creating the
potential for road-user confusion. The Canadian province of Ontario and several European
countries routinely use a special marking color (orange or yellow) to increase the salience of
temporary lane lines. Special-color markings have also been used experimentally in Australia;
New Zealand; Quebec City, Canada; and the United States.

WisDOT had dif cult conditions at a high-volume freeway-to-freeway interchange project
(Zoo Interchange) in winter, as salt residue on the roadway surface obscured the traditional
white lane markings. To provide more clearly de ned lanes in the work zone, WisDOT sought
and was granted experimental permission by FHWA in 2014 to use orange paintiEit8ye
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Figure 12.12. Sample output of the safety assessment tool (Credit: University
of Missouri).

Orange re ective epoxy paint has been used in Canada, New Zealand, and Europe but not
previously in the United States.

However, a direct assessment of the Zoo Interchange site was dif cult because of the fast-
paced construction with frequent lane and alignment changes, high traf ¢ volumes, and
recurring congestion even before the project began. These complexities made it challenging to
separate the driver behavior and traf ¢ operations effects of the orange markings from those
attributable to other site conditions and traf c management techniques.

Figure 12.13. WisDOT use of orange pavement
markings (Credit: John Shaw/University of
Wisconsin—Madison).
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To assess the driver behavior aspects of orange markings in a simpler environment, WisDOT
conducted a matched-pair with and without study on two bridge re-decking projects on 1-94
near Oconomowoc (Shaw, Chitturi, and Noyce 2017; Shalwv218).

No signi cant differences were found between the distributions of lane position and speed
data for the test and control sites. However, a driver survey indicated that the orange markings
were more visible and easier to see. Based on the eld data, driver surveys, and interviews of
eld engineers, there was no evidence that drivers miscomprehended the orange markings.
The study concluded that “perhaps the most pragmatic approach is to reserve orange as an
emphasis color for speci ¢ work zone locations that require dif cult driving maneuvers. This
approach is similar to the British practice of parsimoniously using special marking colors
to provide emphasis in problematic areas, and would help reduce the potential for drivers to
become desensitized to the special color.”

12.12 Automated Truck-Mounted Attenuator

One type of positive protection developed and often used in work zones is the TMA. The
TMA is positioned as a shadow vehicle, relative to the workers, work vehicles, or the immediate
workspace. TMAs save lives and prevent injuries for both motorists and maintenance workers,
but they put the TMA driver at risk of injury when the attenuator is hit.

Recent technology has allowed an option to remove the driver from the buffer vehicle
designed to be struck by errant vehicles. The autonomous truck-mounted attenuator (ATMA),
also known as the autonomous impact protection vehicle, consists of two vehicles, a leader and
a follower. The leader vehicle is human driven and is equipped with an onboard computer,
digital compass, transceiver, and GPS receiver. The lead vehicle wirelessly transmits high-accuracy
data on its position, speed, and heading. The ATMA receives this transmission and copies the
lead vehicle’s movements using steering, throttle, and brake actuators. ATMAs can be retro tted
to existing TMAs. Figurg2.14 showthe leader and follower vehicles.

At the time this guidebook was written, ATMAs had been tested and were already in use in a
few states, but only in a limited capacity as part of pilot programs, including the following:

Act 117, passed in October 2018, allows for PennDOT and the Pennsylvania Turnpike
Commission to implement highly automated work zone vehicles in active work zones.

In August 2017, CDOT became the rst transportation department in the United States to
purchase and demonstrate an ATMA when a CDOT road-striping crew used the ATMA

Figure 12.14. Autonomous TMA (Credit: Royal Truck
and Equipment, Inc.).
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near Fort Collins. Colorado has also used its ATMA in rural areas away from heavy or
mixed traf c.
FDOT tested an ATMA in 2015.

ATMA technology is still in the late stages of development and there are several challenges to
be addressed:

The following vehicle copies the movements of the lead vehicle exactly; if the lead vehicle
encounters an obstacle and has to change lanes, the ATMA won’'t change lanes until it also
encounters the obstacle. This leaves the lead vehicle without protection until the ATMA also
changes lanes.

The lead and following vehicles sometimes lose communication when passing under
overpasses or through tunnels.

12.13 Green Lights on TMAs

MoDOT (Brown etal. 2018) tested the use of green lights on TMAs to improve work zone
visibility. This was the rst quantitative study of green lights on TMAs in the United States,
and MoDOT used simulator and eld studies to test four different con gurations.

The simulator testing phase examined amber/white (MoDOT typical), green only (MoDOT
preferred), green/amber (MoDOT alternative), and green/white (design alternative) con gura-
tions. The eld test evaluated the amber/white and green-only con gurations (RigLrg).

Video data were collected fod&ys in a mobile work zone on US 50 in the Kansas City area.
The mobile work zone consisted of a green-only rear advance TMA and an amber/white
shoulder TMA for the rst day and two amber/white TMAs for the second day.

During daytime, the leading vehicle passing speed for amber/white TMAs was slightly higher
(64.5mph) than for the green-only TMA (62rBph). During nighttime, vehicle passing speed
for the green-only TMA was slightly lower (5&hfth) comparedvith the amber/white TMAs
(52.9mph). The authors cautioned that driver behavior could have been in uenced by the
novelty effect of green-light TMAs and that a longer-duration study is necessary to examine the
novelty effect.

The results did not point in a single direction for both the simulator and eld tests, and all
four con gurations appeared to be viable.

12.14 Rolling Roadblock Procedur e
for Temporary Lane Closures

According to FHWA, a rolling roadblock, also known as a temporary road closure, rolling
block, pacing operation, or traf ¢ pacing, is a common highway traf ¢ control technique used
to temporarily slow or stop traf c upstream of construction, maintenance, and utility work
activities requiring a short-term full closure of the roadway (FHWA, n.d.).

Rolling roadblocks allow for faster completion of roadwork activities by allowing workers
full access on and above a roadway, and the opportunity for a safe environment by completely
removing vehicles that would normally be close to workers.

Policies and procedures governing the use of rolling roadblocks for highway work activities
vary by state. Additional resources are available to transportation agencies for improving
rolling roadblock practices. Among these resources is Guidelines on Rolling Roadblocks for Worl
Zone Applications, developed by the American Traf ¢ Safety Services Association. This guide
establishes best practices in the use of rolling roadblocks and provides valuable information on
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Figure 12.15. Simulator testing TMA con gurations (Credit: University
of Missouri).

planning and coordinating a rolling roadblock, executing a rolling roadblock, and developing
a rolling roadblock planning checkilist.

The Connecticut DOT allows rolling roadblocks during the installation of temporary lane
closures on limited-access highways. Rolling roadblocks are allowed for installing and removing
lead signs and lane tapers only, for a maximum duration wiirdites.

12.15 Work Zone Cell Phone Restrictions

As part of ongoing efforts to reduce distracted driving and increase safety for motorists and
workers in work zones, Wisconsin passed legislation making it illegal to talk on a handheld
mobile device while driving in a Wisconsin roadwork zone. The 2015 Wisconsin Act 308 went
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Figure 12.16. Wisconsin work zone cell phone
restriction sign (Credit: WisDOT).

into effect on Octobet, 2016, and drivers caught in violation face nes of up to $40 on rst
offense and up to $100 for subsequent offenses. Appeipdovides bill text (2015 Assembly
Bill 198). The sign associated with this law is shown in FIQuté.

Hands-free and Bluetooth devices are granted exemptions and remain legal to use. The law
also grants an exception for drivers to use a handheld mobile device if dialing 911. Wisconsin
continues to enforce zero tolerance for texting while driving through work zones.

Wisconsin does not prohibit drivers from using handheld cell phones while driving, outside
work zones. However, Wisconsin law forbids driving any motor vehicle while composing or
sending a text message or an e-mail message (primary law).

12.16 Colorado Lane Closure Strategy

The CDOT developed Lane Closure Strategy (LCSY) for each of its ve regions to establish
uniform criteria and authoritative guidance for scheduling lane closures. Each region’s policy is
uniqgue—enabling CDOT to tailor its lane closure policies to a vast state that encompasses both
rural mountainous areas and large urban areas.

The LCSY was formulated to strike an appropriate balance between delays to the traveling
public in the work zone and the cost of construction and maintenance. The LCSY is applicable
to single-lane closures (and multilane closures on ve-or-more-lane roadways) related to
construction and maintenance activities on roads CDOT controls. It is based on extensive data
analyses and estimates of delays expected during lane closures. The LCSY addresses weekc
and weekend traf c demand and considers temporal variations in traf ¢ volume occurring over
a typical 24-hour period. The LCSY also accounts for seasonal variations in traf ¢ volumes,
where appropriate. In the past, lane closure decisions were primarily based on eld observations,
previous experience, and engineering judgment.

LCSYs are recalibrated on a 3- to 5-year rotation to re ect changes in traf ¢ volumes and
available capacity (Region 1, 5th edition, was published in 2019; Region 2, 2nd edition, in 2013;
Region 3, 3rd edition, in 2017; Region 4, 3rd edition, in 2017; and Region 5, 1st edition, in 2008).

LCSYs provide several types of information related to closures in each region, including the
following:

General background information on traf ¢ conditions in the area.

Allowable lane closure hours for all state highways in a tabulated form. The tables provide
speci ¢ times at which closures will be allowed for each highway section. Sections are divided
where lane geometry changes or daily traf c volumes change signi cantly.

Procedures for implementing a lane closure for access permit and maintenance work.
Procedures for implementing a lane closure for CDOT design projects.
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Figure 12.17. CDOT lane closure scheduling decision tree (Credit: CDOT).

Procedures for changing the closure hours during the construction and variance request
process.

Flowcharts (Figurd2.17) to identify the allowable lane closure hours for a speci ¢ state
highway under the following conditions:

— All seasons.

— Number of lanes closed—one, two, or three.

— Freeway ramp-closure schedules.

— 1-70 mountaincorridor closure schedules.

Using the information presented in the LCSY has improved the quality of lane closure deci-
sions, simpli ed the decision process for the end user, and reduced the uncertainty associated
with handling traf ¢ during construction.

12.17 MnDOT Lane Closure Manual

MnDOT developed a lane closure manual to use when planning and scheduling lane
and shoulder closures on MnDOT-owned and -operated freeways and expressways in the
Metro District, District 6, and District 3. The lane closure manual determines the appropriate
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Figure 12.18. MnDOT lane closure manual roadway segments (Credit: MNnDOT).

time of day for planned lane closures based on the number of available lanes and traf c-
count data.

The purpose of the lane closure manual is to provide information useful for advance planning
of lane closures that will minimize traf ¢ impacts and motorist delays while promoting safety
for work crews and the traveling public. Lane closures allowed by this manual are typically short
term (12hours or less) and do not involve a traf ¢ detour or diversion. Traf c- ow volumes
from regional TMC detectors and tube counters are collected, analyzed, and formatted to display
allowable lane closure gures based on roadway location and time of day.

The manual is divided into sections by roadway, and each roadway is divided into segments.
Segments are generally determined by the number of continuous lanes available along a highway
corridor. The index maps illustrate where each roadway is broken down into numbered segments
(Figurel12.18).

The numberedsegment directs the user to the correct page of the manual that provides
tabulated traf ¢ data (Figuré2.19). MnDOT uses a system of shading to display the number
of lanes that can be closed for each hour of the day. The allowable lane closure gures given in
the lane closure manual have been smoothed to remove some of the seasonal data uctuations.

12.18 ODOT Permitted Lane Closure Schedule

The ODOT lane closure policy is described within the Policy for Traf c Management in Work
Zones (Standard Procedure No: 123-001). The policy was developed to systematically determine
the effects created by work zones and will eliminate, minimize, or mitigate these effects to
the greatest extent practical. ODOT lists the process of determining lane closure times on its
permitted lane closure schedule website.

The permitted lane closure schedule is a web-based searchable database tool that provides :
quick and ef cient method for identifying which hours of the day lane closures should not result
in violations of the allowable queue length threshold.
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Figure 12.19. MnDOT lane closure manual showing allowable lane closures (Credit: MnDOT).
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Figure 12.20. ODOT permitted lane closure schedule (Credit: ODOT).

The user searching for permitted lane closure times inputs the following information: year of
the last ADT count, district number, county, route, and the section of that route. The search yields
a table—similar to the screenshot in Figle20—showing thpermitted lane closure times.

The times of the day that lane closures are not permitted are indicated by the different shaded
hours for each day of the week, for construction and nonconstruction seasons. The table also
includes the lane capacity used when determining if a lane closure is permitted. These capacities
vary from facility to facility.

The permitted lane closure schedule application, based on the Internet, is a convenient way
to nd lane closure times for certain facilities. The lane closure capacities are adjusted based on
conditions of the facility, so a better approximation of the lane capacity is applied.

12.19 Wisconsin Web-Based Lane Closur e
Permitting Systems

The Wisconsin Lane Closure System (LCS) is a web-based system for tracking closures and
restrictions on Wisconsin Interstate, U.S., and state highways. The purpose of the LCS is to
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Provide a standard interface for lane closure operations, closure tracking, and data retrieval
for WisDOT regional of ces statewide;

Facilitate data sharing with WisDOT applications that require lane closure data from
511 traveler information, the statewide TOC, inconvenience map production, and oversize/
overweight permitting;

Improve the completeness, reliability, and timeliness of lane closure data on state highways;
Archive LCS data in the WisTransPortal system for future analysis and integration with other
WisDOT/UW-TOPS Lab traf c-engineering applications and research; and

Integrate historical traf c- ow data and capacity information to calculate available closure
thresholds.

The LCS is the single source of Wisconsin Interstate, U.S., and state highway lane and ramp-
closure information. Closure and restriction information is entered for

All let projects or design projects with impacts to an Interstate, U.S., or State highway;

Any planned maintenance or permit/utility restrictions of closures on Interstates, U.S., and
state highways;

Major special events; and

Any unplanned emergency lane closures.

The LCS shares data with several internal and external mediums: the Wisconsin 511 system,
the WisDOT website, statewide TOC, daily/weekly e-mail reports, and third-party media
(vehicle navigation systems, phone/tablet apps, websites, social media, and news reports).

Closure information can be entered into the LCS by any system user. WisDOT staff can enter
the information or request that a consultant, contractor, or county enter the information.
However, closures need to be entered into the LCS in compliance with the minimum advance
noti cation time frames shown in Figud2.21.

Depending on the type of closure and the user entering the closure, the closure will be
either automatically accepted or sent through the acceptance process. If a user has acceptance
authority, the system allows, but does not require, the user to immediately accept the entered
closure information into the system. Once accepted, the information is live and therefore
published as an active closure.

A user may only enter and act on a closure located within the same region as the user’s
region. The region options in LCS include SE (Southeast), SW (Southwest), NE (Northeast),
NC (North Central), NW (Northwest), and ALL (All Regions).

Figure 12.21. WisDOT lane closure advance noti cation times
(Credit: WisDOT).
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Operational since April 2008, the LCS facilitates work zone acceptance and monitoring at
WisDOT statewide TOC and regional transportation of ces and provides real-time lane closure
information to the Wisconsin 511 traveler information system.

12.20 Caltrans Lane Closure System

On Januanl5, 2016, Caltrans revised the 2015 Standard Speci cations, Section 12-4.02C(2),
Lane Closure System, to implement the use of the LCS mobile web page to report closure status.

The LCS was developed to reduce the steps needed to cancel or start closures and to allov
contractors to interface directly with the LCS, helping expedite and improve the accuracy of lane
closurestatus. Contractors are required to request closures using the Caltrans LCS and status
closures using the Lane Closure System mobile web page.

Every Sminutes LCS reports all approved closures planned for the daxsyplus all current
lane,ramp, and road closures caused by maintenance, construction, special events, and so on.

The LCS disseminates construction information to the Caltrans online tools QuickMap,
Commercial Wholesale Web Portal, and Performance Measurement System and the Caltrans
Highway Information Network hotline.

When the contractor changes the status of a closure, the LCS sends an e-mail noti cation to
the resident engineer and designated inspectors.

12.21 e-Construction and Partnering

Through Round 4 of the EDC, the FHWA has promoted e-construction and construction
partnering as practices that can be used in concert to help deliver transportation improvements
smarter and faster.

e-Construction is the creation, review, approval, distribution, and storage of highway
construction documents in a paperless environment. These paperless processes include
electronic submission of all documentation by all stakeholders, electronic document routing
and approval (e-signature and work ows), and real-time management of all documents in
a secure digital environment accessible to all stakeholders through mobile devices and web-
based platforms.

e-Construction aims to employ established technologies that are readily available to the
transportation community, such as digital electronic signatures, electronic communication,
secure le sharing, version control, mobile devices, and web-hosted data archival and retrieval
systems to improve construction documentation management.

Many state DOTs and industry practitioners are already using or testing some aspects of
e-construction. Some are even in the process of mainstreaming many e-construction system
practices.

MDOT has applied e-Construction routinely to DBB projects, while the Minnesota, Florida,
Utah, Texas, Pennsylvania, and North Carolina DOTs have applied this technology to D-B
projects. The Wisconsin and lowa DOTSs have applied e-construction to DBB projects.

MDOT, a leader in e-construction, estimates that the agency saves approximately $12 million
in added ef ciencies and 6,000,000 pieces of paper annually by using electronic document
storage for its $1 billion construction program while reducing its average contract modi ca-
tion processing time from 3fays to three days (https://www.fhwa.dot.gov/innovation/everyday
counts/edc-3/econstruction.cfm).
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The e-construction system has the potential to increase the quality, ef ciency, environmental
sustainability, and productivity of the construction industry at large, while saving printing costs,
time, postage, and document storage and adding communication ef ciencies.

Construction partnering is a project management practice whereby transportation agen-
cies, contractors, and other stakeholders create a team relationship of mutual trust and
improved communications. Partnering builds relationships and connections among stake-
holders to improve outcomes and successful completion of quality projects that are built on
time and within budget, focused on safety, and pro table for contractors.

Additional information, webinars, and peer exchange reports relating to e-construction and
construction partnering can be found at https://www.fhwa.dot.gov/construction/econstruction/
and at https://www.fhwa.dot.gov/construction/partnering/, respectively.
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Framework for Evaluation
of Work Zone Strategies

This section describes various methods by which work zone strategies are evaluated.

13.1 Typical Work Zone Crash Characteristics

Increased crash risks at a given work zone are a combination of temporary changes in geo-
metrics and in uences related to work activity. Drivers can be distracted by ongoing construction
activities behind barriers, moving equipment, construction access and egress, and lane closures
that require drivers to maneuver around the closure or shift laterally. When work activity is
occurring and travel lanes are temporarily closed, the risk of a crash for an individual motorist
traveling through the work zone can increase by as much as aljpercé6t during the day
and 61percent anight, compared with the crash risk expected to exist at a particular location
(Ullman etal. 2008)The actual change in crash risk will vary substantially between projects,
even when strati ed on the basis of time period (daytime or nighttime) and work condition
(no work activity, active work without lane closures, or active work with lane closures).

Crashes that occur in nighttime work zones are not necessarily more severe than those that
occur in similar daytime work zones, although differences do exist in the types of crashes.
Generally, the increase in crash risk is higher for proplnrtyageonly crashes than for injury
and fatal crashes, regardless of whether the work is performed during the day or at night. The
only exception is for intrusion crashes during nighttime, which have a greater percentage of
injury and fatal crashes (Ullmanadt 2008)Crashes involving resgndcollisions are one of
the most common crash types in work zones and typically increase as a function of AADT in
both daytime and nighttime periods; the percentages are substantially lower in the nighttime
periods. However, the percentage of yead collisions increases noticeably during daytime
work activity on low to moderatevolume roadways, but not on higheolume roadways.
Nevertheless, the bene t of working at night, compared with doing the work during the day,
extends across all AADTSs, but it is much greater at higher AADTSs.

Several strategies have the potential to substantially lower the increased crash risk resulting
from work zones (Appendif). Strategiethat appear to offer the greatest potential for crash
risk reductioninclude the following:

Practices to reduce the number and duration of work zones (i.e., within a speci ¢ project limit).
Project coordination with adjacent projects on the same or nearby corridors to avoid con icts
(i.e., rerouted traf ¢ to closed or reduced capacity routes or con icting signs or messages).
Use of full directional roadway closures with median crossovers or detours.

Use of timerelatedcontract provisions to reduce construction duration.

Appropriate work activities on high AADT roads (i.e., those that require temporary lane
closures) being moved to nighttime hours.
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Use of demandnanagement strategies to reduce volumes through work zones during

the day.
Use of enhanced or automated traf ¢ law enforcement (or both).

13.2 Expected Effects of W ork Zones on Crashes

It would be bene cial for work zone designers and others to be able to predict the safety
consequences of their proposed work zone designs and management decisions before imple-
menting them in the eld. The following are examples of ways to use work zone crash estimates:

Quantify the safetyelated bene ts of completing the work faster (i.e., accelerated contract
incentives).

Estimate the expected effects of safety countermeasures contemplated for use in the work
zone as part of the TMP.

Predict the differences in safety effects of alternative work zone design options (i.e., narrowed
or closed lanes, closed shoulders, ramp closures, and complete closures).

13.3 Work Zone Safety-Related Data Analysis

Depending on the actions being considered, methods are needed to estimate the number
of crashes expected to occur in a work zone and the incremental change in crashes resulting
from different work zone features. These methods vary in the amount of data and level of effort
required, as well as in the level of accuracy to be achieved.

Because of the relatively short duration of most construction projects (versysa3sof
after data in a typical before/after study at a permanent location) and relatively few crashes,
there may not be suf cient work zone crash data to make statistically signi cant conclusions.

Poorquality data in the data set can result in misleading or incorrect conclusions. The number
of variables that can affect the analysis of crashes within work zones can make isolating a single vari-
able dif cult. Factors related to analyzing safetateddata in work zones include the following:

Frequent changes to the con guration of a work zone make it dif cult to track or assign an
exact work zone setup to a particular crash.

The number of work zone crashes per project is relatively small and typically does not follow
a normal distribution.

Work zone strategies that encourage trip diversion may have signi cantly differeangre
posttraf ¢ volume, and the analysis may provide misleading conclusions.

Some crashes within the work zone limits may have been caused by non—work zone char-
acteristics (e.qg., driver impaired or speeding), meaning the work zone may not have been a
contributing factor or an indirect cause.

13.3.1 Before and After Crash Data Analysis

Several considerations when conducting a before and after study of crash data within the
work zone may affect the validity of the evaluation. These considerations include the following:

Regression-to-mean bias. A project corridor may have a high number of crashes imme-
diately before the work zone period. This may be an abnormal condition in which the site
may experience fewer crashes during construction, regardless of the deployment. A simple
before and after comparison is likely to result in an overestimation of the work zone strategy
effect. Analysts can use more robust statistical analysis methods such as a Bayesian approach
to minimize the problem.
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Other explanatory factors after the work zone strategy deployment. Increased law enforce-
ment may cause drivers to reduce speed or be less aggressive, which potentially reduce:s
crashes. If the before and after study does not take this relationship between increased law
enforcement presence and reduced crashes into account, then the bene ts of the work zone
deployment can be overestimated.

Trends in the value of MOEs over time. If the decrease in crashes in the after data is a result
of a longterm trend and not a result of the work zone deployment, then the evaluation will
sufferfrom what is known as a maturation threat to validity.

Random data uctuations. According to FHWA, “Crashes are random events that naturally
uctuate over time at any given site. If you consider a stewrm average crash frequency,

it may be signi cantly higher or lower than the letegm average crash frequency. The crash
uctuation over time can make it dif cult to determine whether changes in observed crash
frequency are due to changes in site conditions or natural uctuations” (Herbel, Laing, and
McGovern 2010). This threat to evaluation validity is known as instability.

13.3.2 Crash Rate Calculation

Crash rate is a measure that can be applied to work zones to monitor trends in crashes using
either realtime or lagging data. Crash rate analysis typically uses exposure data in the form
of traf ¢ volumes or roadway mileage. As Tab®1 shows, crash rates are calculated by
dividing the number of crashes by a normalizing factor. Such rates can be compared with
preconstruction values to determine whether safety hazards exist and whether analysts need
to consider modi cations to the work zone.

The bene t of crash rate analysis is that it provides a more effective comparison of similar
locations with safety issues than analyzing crash frequency alone. In a situation when traf ¢
volumes have changed signi cantly during the work zone, the crash rate calculation allows
practitioners to take this into account.

One way to calculate the crash rate for road segments is

Equation 1. Crash rate for road segment.
100,000,000C
365 N V L

where

Crash ratdor the road segment expressed as crashes per 100 million VMT;
Total numberof crashes in the study period;

Number ofyears of data (or fraction of a year);

Number ofvpd (both directions); and

Length ofthe roadway segment in miles.

r<Z20X

Table 13.1. Examples of crash rate normalizing factors.

Normaliz ing Factors Example Measures
Time e Crashes per month
Exposure e Crashes per 1000 vehicles travding through the work zone
e Crashes per vehicle hours of travel time through the work zone
e Crashes per 100 million VMT through the work zone
Distance e Crashes per mile
N\ aR: VMT = vehicle miles traveled.
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For example, a particular work zone is being assessed with the following values:

C 90 crasheasver the past fear withinthis work zone,
N 1lyear ofdata,

V 35,000 vpdand

L 8miles.

The resultingsegment crash rate (equation 2) would be 88.1 crashes per 100 million VMT.

Equation 2. Example crash rate calculation for road segment.
100,000,000 90

365 1 35,000 8

88.1aashegpe 100nillionVMT

Depending on the details of crasgporting methods and crash history along the project
corridor, a value d88.1 crashes per 100 million VMT may or may not be cause for additional
study. The most appropriate use of this crash rate is to determine the relative safety of the
work zone in comparison with the pre—work zone condition and with other work zones that
have similar characteristics. If a DOT has access ttimeatrash reports, it can improve
safety in its work zones even further by modifying active work zones based on reported work
zone crashes.

13.3.3 Crash Modi cation Factors

CMFs can be employed to estimate the incremental change in crashes relatetttivalter
work zone features being considered, similar to procedures found in the HSM. A CMF is
a multiplicative factor used to indicate how a particular condition or feature increases or
decreases the number of crashes expected from base conditions. A CMF of 1.0 indicates that
the feature has no incremental effect on crash risk. A CMF less than 1.0 indicates that the
feature reduces crash risk, and a CMF above 1.0 indicates that the feature increases crash risk
relative to base conditions. When multiple features are present, several CMFs are multiplied
to arrive at the estimate of the expected change in crashes. Although many CMFs have been
developed for many different permanent roadway features in recent years, only a few work
zonespeci ¢ CMFs are currently available. In the absence of CMFs developed speci cally
for work zone features, the only available option is to use those that exist for permanent
roadway features. In these cases, practitioners apply engineering judgment when interpreting
the results of the analysis.

The HSM provides limited information on CMFs for practitioners to use in work zones. The
work zone elements addressed in the HSM include the duration (number of days) and length
(miles) of freeway work zones. Equations 3 and 4 are based on research that considered work
zone durations from 16 to 7Xdhys, work zoné&ngths from 0.5 to 12@iles, and freeway
AADTsfrom 4,000 to 237,000 vpd (Khattak, Khattak, and Council 2002).

The base condition of the CMFs (i.e., the condition in which the CMFO0) is a work
duration of 16days and.51miles. Thestandard errors of the CMFs are unknown.

Duration. Equation 3 provides expected average crash frequency for increasing work
zone duration above the base condition (CMFO) of 16days.

Equation 3. Average crash frequency for increasing work zone duration (days).
% increasen duration 1.11
100

CMRy 10
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where

CMF,, crash modi cation factor for all crash types and all severities in the
work zoneand
% increasm duration the percentagehange in the duration (days) of the work zone.

Length. Equation 4provides expected average crash frequency for increasing the work zone
length above the base condition (CMF 1.0) of (761

Equation 4. Average crash frequency for increasing work zone length (mi).
%increasén lengh 0.67
100

CMFRy 10

where

CMF,, crash modi cation factor for all crash types and all severities in the
work zone; and

% increasm length the percentagehange in the length (mi) of the work zone.

13.4 Work Zone Crash Estimation
and Crash Cost Analysis

NCHRP Research Report 869 (Ullmeaal.e2018) describes the following two methods for
estimating workzone crashes and crash costs:

1. Applying an overall WZCMF to a pre—work zone baseline estimate of crashes expected on
the roadway segment where the work zone will occur.

2. Using a gneral safety performance function (SPF) that has been created using werk zone
spei ¢ data.

A brief description of both methods follows.

13.4.1 Method 1. Using Pre-W  ork Zone Crash Estimates
and an Overall WZCMF

The preferred approach for developing planriengel work zone crash estimates is to apply an
overall generic WZCMF to the pre—work zone baseline crash estimate for the roadway segment.
Pre—work zonerash estimates would generally come from an SPF calibrated to the particular
roadway segment using methods contained in the HSM or incalibgated crasiprediction
models. However, if those data are not available, other estimation methods may be used. For
example, work zone analysts could use the lagteé&+S of crashes occurring along the roadway
segment along with yearly AADT values to determine a weighted yearly average of crashes.
An overall WZCMF for freeways and Interstate facilities from a multistate data set affdur
six-lane freeway and Interstate work zones was developed asN2aHRP Research Report 869
(Ullman etal. 2018). The CMF is based on a ratio of pre— and during—work zone SPFs developed
for those roadway segments. Equation 5 gives the ratios of those SPFs:

Equation 5. WZCMFs for four- and six-lane freeway and Interstate work zones.

4-laneFeility 6-lane Fecility
@ 10.036 116 AADT @ 9.987 116 AADT
WZCMFsenes @ 11.231 1.248 AADT WZCMFs ianes @ 12318 1.34 AADT
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To compute the total number of crashes expected during a work zone, multiply the per mile
number of crashes normally occurring on the roadway segment each year by the duration
of the work zone and calculate the overall WZCMF for the AADT of the roadway segment.
As Equation 6 shows, if a crash rate is used, then the rate is rst multiplied by the length of
the project.

Equation 6. Total number of crashes expected during a work zone.

ExpecteWZ Crahies Non-WZ Crashes Proje¢ Lengh WZ Duration Mo. > e

Mile/Year 12

13.4.2 Method 2. Work Zone-Based SPFs

If no good data exist for the normal crash frequency on the section of freeway or Interstate
where a work zone will be placed, a work zone engineer can use an SPF to develop-a planning
level estimate of crashes expected during the work zone. NCHRP Research Rejlora869
etal. 2018) used the multistate database of work zones performed erafalsixlane
Interstates and freeways to develop the following two predictive functions of the total number
of work zone crashes expected to occur based on work zone length, work zone duration, and
overall roadway AADT (equations 7 and 8).

Equation 7. Crashes expected to occur on four-lane freeway
and Interstate work zones.

Numberof workzanecraies expectd L n g 10036 1.164 AADT

Equation 8. Crashes expected to occur on six-lane freeway
and Interstate work zones.

Numberof workzanecrades xpectd L n g 9987 1161 AADT

where

L length ofwork zone in miles and
n number of yearthe work zone will require (or number of months/12).

The functions were developed with the following work zone conditions:

Pavement width of 42 in each direction for foutane segments and &2n each diree
tion for sixlane segments (equal to-ft2danes, a 6t inside shoulder, and a 40outer
shoulder).

No lane shifts present.

No lane closures present.

Median width of 60t, inclusiveof inside shoulder width off6in both directions.

No longitudinal barriers present.

AADTSs ranging between 5,000 and 70,000 vpd on thddoesegments.

AADTSs ranging between 50,000 and 150,000 vpd on ttensigegments.

Examples 1 and 2 in the following sections are based on the work zone condition described
above.

NCHRP Web-Only Document 240: Analysis of Work Zone Crash Characteristics and Counter
measuregUliman etal. 2018)provides additional details regarding the development of
these models.
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13.4.3 Example 1. Computing an Expected Crash Rate
per Month during Construction

A work zone engineer plans to monitor crashes occurring duringear? 5mi Interstate
widening construction project. The engineer will compare monthly crashes to determine if they
are increasing beyond what should be expected for the work zone setup. The roadway has the
following characteristics:

Rural four-lane Interstate facility (:& lanes, @t inside shoulder, & outside shoulder,

wide median).

Traf ¢ volume on the facility is 45,000 vpd during Year 1 of the project and 50,000 vpd
during Year 2.

Based on a calibrated SPF developed by the DOT, the normal non—work zone crash rate
on this facility is estimated to be 7.4 crashes per mile in Year 1 and 7.9 crashes per mile in

Year 2.

Step 1.Calculate the WZCMF (Years 1 and 2), assuming that good pre—work zone crash
data exist.

Step 2.Use the WZCMF to calculate the work zone expected crashes, work zone crash rate,
and project length (Years 1 and 2, equation 9).

Step 3.Sum Yeal- and Year &xpectedatrashes to determine total crashes (equation 10).

Equation 9. Crashes expected to occur during the project duration.
e 10.036 1.164 4600

WZCM I:4-Ia1es,year.l. T oot 4 oAm amm 134

e 11.231 1.248 4600

e 10.036 1.164 5000

WZCM F4—Ia1es,yea|’2 e— 133

11.231 1.24a 5000

In this example, the expected crash rate each year follows:

Equation 10. Expected crash rate per year.

Expeted Work Zone Crades;ean w 5mi lyear 1.34 49.58rates
mi/yr
Expeted Work Zone CradeSyear mmci;;a;.r]es 5mi lyear 1.33 52.54rahes

Expeted Work ZoneCradi€Seanmd2 1o 49.58 52.54 102.tPades

The work zone engineer can divide by 12 (number of months in year) to get aloyonth
month crash estimate per year. If a more fieriod analysis is needed, the engineer can apply
seasonal factors to the AADT factors and develop and apply WZCMFs to determine the crashes
expected each month of each year. Monthly crashes can be compared directly as well-as cumula
tively. Signi cant variations between actual and expected crashes per time period might indicate
that a safety issue exists at the site and additional investigation is needed.

As Figurel 3.1 shows, an increase in the number of crashes is observed starting in month 7.
If itis determined that the increase in crashes is signi cant enough, then the work zone engineer
can initiate a more hdepth review to determine potential reasons for the increase. The potential
reasons may be that the project has had a major traf ¢ switch, work activities have involved more
frequent deliveries, or poor weather conditions occurred during this time.
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Figure 13.1. Expected versus actual crashes using Equation 9 WZCMF.

If good non—work zone crash data are not available for the segment, then the work zone
engineer can apply a previous work zone SPF foldmerfacilities (equation 11). The compu
tations would be as follows:

Equation 11. Expected crash rate using SPF.
ExpetedWork ZoneCradeseas  5mi 1year e 10036 1164 4600 57 1 icrades
ExpetedWork ZoneCradheseas  5mi lyear e 10036 1184 5000 64 56cradies
Work ZoneCraes Expededycanadz Tom  57.11 64.56 121.@Tadhes
The work zone SPF estimate of 121.67 crashes oveyddngi?oject (5.07 crashes per month)

is approximately 19.percent higher than what was computed using the calibrated pre—work
zone crash rates and the overall WZCMF. As Fitu2 shows, in using the work zone SPF,
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Figure 13.2. Expected versus actual crashes using the work zone
SPF and CMF
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the work zone engineer may conclude that crashes were not excessive relative to expectations
The difference in results shown in Figli82 using both methods is another reminder of the
importanceof engineering judgment when interpreting and using plartévglestimates.

13.4.4 Example 2. Estimating the Effect of Accelerated Construction
on the Expected Number of W ork Zone Crashes and Savings

A DOT is contemplating including contract incentives in a bid package to reduce the project
duration and is trying to determine the savings, if any. By using traditional methods, the project
would take ears to complete; however, if the duration is reduced moahhs (i.e., acceler
ated construction) what would be the project savings?

The DOT will rst calculate the non—work zone CMF to serve as a baseline for comparison
(equation 12). The roadway has the following characteristics:

Project is 6 mi long.

It is an urban sktanefreeway facility.

The traf ¢ volume on the facility is expected to be approximately 120,000 vpd for Year 1 of the
project and 140,000 vpd for Year 2 of the project.

The freeway has 4Planes, €t inside shoulders, and f0outside shoulders.

The total crash density on this section of freeway is 34.8 crashes per mile per year before
construction based ony&ars of historical data. Traf c volumes during those years averaged
115,000spd (similar to what is expected for Year 1 of the project).

Equation 12. Year 1 and 2 work zone crash rate.
34.8crahes 120,000
mi/ yr 115,000

Non-Work Zone Cra$ Rateyean 36.31crades permile pe yea

34.8cates 140,000
mi/yr 115,000

Non-Work Zone Cra$ Rateyear 42 .36crashes per mile pe yea

The DOT does not have a normal non—work zone expected crash frequency for the road-
way for each year of the project. Consequently, it will be necessary to estimate the normal
pre—work zone crash frequency for each of theas of the project based on the data -avail
able (equation 13). Because the only data available for use are the historical crash rate for the
roadway segment associated with a lower AADT than that anticipated during the project,
the DOT would rst factor the crash rate for thgears of the project using the followiragio
of AADT numbers:

Equation 13. Work zone CMFs.

e 9.987 1.16 12000

WZCMFB-Imes,yearl 1253

e 12318 1.344 12000

e 9.987 1.16# 14000

WZCMFB-Imes,yearZ 1219

e 12.318 1.344 14000

This factoring process assumed a linear relationship between crashes and AADT, which
is often not true. However, in the absence of local SPFs, it is considered to be a plausible
planninglevel assumption. Once the DOT has a predicted non—work zone crash rate for each
year, WZCMFs are then computed for each of thea?s of the project based on the expected
traf c volumes (equation 14).
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The total number of crashes expected for each alternative is calculated using the results of
equation 13 as follows, assumingy&ghths (Yeard and 2 summed) for Alternative 1:

Equation 14. Number of crashes expected for Alternative 1.

Expeted Work Zone Crasiesair1yean %ﬁgﬂ 6mi lyear 1.253 272.9¢rathes
Iy

Expested Work Zone Cra$iesait1year %ﬁme 6mi lyear 1.219 309.82rates
Iy

ExpetedWork ZoneCra$eSt1 yeanad2toar  272.97 309.82 582.Cahes

For Alternative 2, the expected number of crashes for Year 1 of the project would remain the
same as Alternative 1. For the second year, the msirihs would be athe expected work
zone crash rate and the secomddiths would be at the non—work zone crash rate (required to
completeYear 2), as shown in equations 15 and 16:

Equation 15. Number of crashes expected for Alternative 2.

Expeted Work Zone Crahesait 2year 42.3§cra§1es emo 6m 1219
mi/ yr 12ma'yr
423GRREs  OMO ¢ i og1 ggrrates
mi/ yr 12ma'yr

Expeted Work ZoneCraieSuroyeanad2 1o 272.97 281.99 554.8&des

Equation 16. Difference between Alternatives 1 and 2.
ExpetedWork ZoneCraiesuti a2 582.79 554.96 27.8Badhes

Reducing the duration of the project bynénths would be expected to result in 27.83 fewer
crashes ovehe nonaccelerategroject schedule.

The DOT can now apply comprehensive crash cost numbers to estimate thesevad
safety cost savings that could be attributed to this reduction. Assuming a crash severity distri-
bution on the facility similar, as Takl8&.2 shows, to typical crash cost values recommended
in the HSM, reducing the project duration would be estimated to yield nearly $1,332,592 in
crash cost savings. This would be in addition to any other savings that might also be achieved
(i.e., travel time, freight, and emissions).

Table 13.2. Estimated crash cost savings if project duration can be r  educed,
Example 2.
Proportional Proportion of the Average Crash Costs Saved
Crash Severity Level Distr ibutio n of 27.83 Crashes If Project Is
" Crash Cost2
Crash Severities Reduced Accelerated
Fatality (K) 0.005 0.13915 $4.509,991 $627565.25
Disabling injury (A) 0.018 050094 $242999 $121727.92
Evident injury (B) 0.088 244904 $88,875 $217658.43
Possible injury (C) 0.136 3.78488 $50,512 $191181.86
Property damage only (PDO) 0.753 20.9%99 $8,325 $174458.62
Total 1.000 27.83 n.a. $1,332,592.08
N\aR:
#Crash costs in the Highway Safety Manual, 1st ed., updated to 2016 dollars.
n.a. not applicable.
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