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FOREWORD

By Charles W. Niessner
Saff Officer
Transportation Research
Board

Thisreport presents guidelinesto assist highway agenciesin developing and imple-
menting a plan for night work that will provide for public and worker safety and sat-
isfy the community while minimizing waste and other problems associated with the
supply of materials and capable workers. The guidelines a so contain anumber of inno-
vative procedures suggested by state DOTs to respond to special nighttime problems,
such as control of glare, visibility of workers, and the need to improve conspicuity of
traffic control devices. This report will be of particular interest to engineers responsi-
blefor devel opment and maintenance of traffic control plansfor construction and main-
tenance projects.

Work zones pose safety problems for both motorists and workers. Although work
zonesresult in significant amounts of congestion and associated delay, lead to accidents
and related losses, cause adverse impacts on communities and businesses, and increase
driver frustration, the need to construct new highway facilities, preserve existing road-
ways, and perform maintenance make work zones unavoidable. Growth in traffic vol-
umes hasled many agenciesto defer roadwork activitiesto off-peak hoursto avoid con-
gestion. Nighttime work, however, raises additiona safety problems.

The objectives of NCHRP Projects 17-17 and 17-17(2) were to (1) develop guide-
lines for nighttime road work to improve safety and operations and (2) formulate proce-
dures to facilitate making decisions about undertaking nighttime work. This report pre-
sents guidelines for design and operation of nighttime traffic control for highway
construction and maintenance. NCHRP Report 475 containsthe proceduresto assst high-
way agenciesin determining whether to perform nighttime construction or maintenance.

A research team from The Last Resource, Inc., was selected to undertake this
research. This report suggests methods that can help maintain the quality of work, ame-
liorate community complaints, stress the importance of minimum performance stan-
dards for traffic control devices, and ensure the quality of these devices. The report is
presented in three chapters. Chapter 1 contains information to help the user identify the
minimum specification, setup, and maintenance of each work zone design element,
including traffic control devices, barriers, lighting, and other safety features. Chapter 2
includes information pertaining to the design of traffic control devices, other safety
devices, and types of work zone lighting. Chapter 3 provides guidance for the imple-
mentation and operation of night work zones.

The guidelines are directed toward professiona staff and skilled, well-trained tech-
nicians. The guidelines language follows accepted terminology, such asthat used in the
Manual on Uniform Traffic Control Devices (MUTCD). Seven typica application dia
grams (TADs) for night work, based on TADs currently inthe MUTCD, areincluded in
Appendix A, illustrating recommended enhancements to accommodate the added risks
inherent in working at night.
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INTRODUCTION

Night road construction has increased dramatically over
the last few years and will continue to grow out of necessity.
The fact that so many roads operate near or beyond capacity
has resulted in a more frequent need to conduct road mainte-
nance and repair at night. Not only are more roads operating
near capacity, but an ever-increasing percentage of roadways
has become in need of significant repair. The combination of
road deterioration and congestion will result in a continued
increase in the amount of roadwork done at night.

Although the 2000 edition of the Manual on UniformTraf-
fic Control Devices (MUTCD) (1) provides current national
standards and guidelinesfor traffic control devicesand numer-
ousillustrations of how to apply these devicesin typical work
zone plans, the MUTCD offers limited guidance to address
the special problems that night work presents. These special
problemsinclude problems associ ated with visibility; commu-
nity impact; and the supply of labor, materias, and adminis-
trative support.

Thefirst, and most obvious, problemisthat nighttimebrings
areductioninvisibility for both workersand drivers. Theloss
of visibility for workers resultsin the need for supplemental
lighting that satisfies the visibility requirements of workers.
These requirements are determined by thework task and avail-
ablecontrast. Thelossof visibility for driversresultsnot only
from the absence of daylight and the inefficiency of head-
lighting, but also from the negative effects of glare produced
by other vehicles, illuminated signs and other visual clutter,
and possibly the illumination of the work zone itself. This
loss of visibility affects not only the detection distance and
conspicuity of traffic control devices, but aso the visua
detail from the road and the surrounding area that provides
information about road alignment. Accompanying this loss
in visihility at night is the presence of drivers who need
greater visibility to have adequate time to react to the unex-
pected situations that night work activity presents. At night,
there isahigher percentage of impaired drivers (e.g., drivers
who areeither fatigued or driving under theinfluence of alco-
hol or drugs). A significant problem with night work, then, is
that drivers need more visibility at a time when conditions
reduce visibility.

The second problem associated with night work is that
night work often has a negative impact on the community,
particularly residential areaswhere residents expect peace and
quiet. Night work often is accompanied by a disturbing level

of noise, anincreasein light and particularly glare, and some-
times arerouting that is an inconvenience to some local res-
idents or businesses. Some businesses, such as restaurants,
may |ose more business when the work is done at night than
when the work is done during the day.

Thefina problem with night work isthe limited supply of
labor and materials. Thereisanatural resistanceto night work
by contractors, and contractorsthat accept night work area so
more likely to suffer fatigue at night than during the day. At
night, thereisamorelikely chance than during the day of hav-
ing problems with the availability of materials and support
personnel to fix things that break, whether the problem is
damaged traffic control devices, aloss of lighting, or abreak-
down of equipment. Because the offices of the contractor and
the agency are closed at night, there may be problems with
having important decisions made in atimely manner.

The problems with visibility need to be addressed by a
well-designed traffic control and lighting plan with properly
designed and maintained devices and equipment. Commu-
nity impact needsto be mitigated by advance public relations
work and continuous and accurate real-time information dis-
seminated throughout the work cycle. Responding to the
problems with labor and material s requires much more plan-
ning and attention to detail than would otherwise be required
for day work. The guidelines in this report are intended to
help an agency develop and implement aplan for night work
that will provide for the safety of the public and the worker
and the satisfaction of the community while minimizing waste
and other problems associated with an insufficient supply of
capableand aert workers, materials, maintenance, and admin-
istrative support.

In spite of all the problems, night work may still have sig-
nificant advantages, including the reduction of congestion
and delay and often an increase in productivity. Anyone
using the guidelines in this report will have decided (possi-
bly with the assistance of NCHRP Report 475: A Procedure
for Assessing and Planning Nighttime Highway Construction
and Maintenance [2]) that the benefits of night work out-
weigh the costs. The goal of these guidelinesis, therefore, to
bridge the gap between the standards provided by the MUTCD
and the need to sensitize planners of night work activity to
the issues that must be addressed if night work isto be con-
ducted safely and efficiently. These guidelines were devel-
oped with the assumption that the guidance provided by the
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MUTCD, state departments of transportation (DOTS), and
local governments contain only minimum requirements and
that the special problems associated with night work require
additional stepsto be taken to ensure safety. One of the rec-
ommendations in a report from the Wisconsin DOT sug-
gested that a chapter on traffic control is needed for the Wis-
consin DOT’ sfacilities devel opment manual (3), which will
supplement and cross-reference the MUTCD. Much of what
the Wisconsin DOT envisions for this chapter is contained
in this report.

The most common problems with night road work opera-
tionsreported by agenciesinclude quality of work, additional
cost, community resistance, and the fact that traffic control
devices are frequently misused and poorly maintained. The
need to adjust the work zone setup during the night and to
satisfy productivity goals so that the facility can open ontime
the next day increases the number of risksand level of stress
that often accompany working at night.

Theguidelinesin thisreport suggest methodsthat can help
maintain the quality of work, ameliorate community com-
plaints, stressthe importance of minimum performance stan-
dardsfor traffic control devices, and ensurethe quality of these
devices. The guidelines also contain a number of innovative
procedures suggested by state DOTSs to respond to special
nighttime problems, such as the control of glare, the visibility
of workers, and the need to improve conspicuity for traffic
control devices.

This report has three chapters: Chapter 1 contains guide-
lines to help the user identify the minimum specification,
setup, and maintenance of each work zone design element,
including traffic control devices, barriers, lighting, and other
safety features. Chapter 2 contains the guidelines pertaining
to the design of traffic control devices, other safety devices,
and types of work zone lighting. Chapter 3 contains guide-
lines for implementation and operation of night work zones.

Theguidelinesare asbrief as possible, with additional ref-
erences given where appropriate. The guidelines are directed
toward professional staff and skilled, well-trained techni-
cians. The guidelines use the same terminology as that used
inthe MUTCD.

Many guidelines have technical notes. Technical notes
provide references for the guidelines, as well as additional
detail, including an explanation of any research and a sum-
mary of relevant resultsasthey relateto the guidelines. These
notes may provide some discussion of the research conclu-
sions. Sometechnical notes explain thelimitations of aguide-
line, such as conditions under which it was or was not tested.
Other technical notes simply define terminology or explain a
basic concept or principle. Technical notes are numbered and
appear at the end of thisreport.

Except for very minor efforts, atraffic control plan (TCP)
is normally prepared for most construction or maintenance
projects. The TCP focuses on work zone traffic control, spe-
cific detour routes, and construction procedures. Traffic
demand on the facility under construction is accommodated
either within the roadway or through detoursthat carry traffic
around the work area. Traditional TCPs consist of (1) sharing
the roadway between traffic and construction or (2) rerouting
traffic onto other facilities using conventional traffic control
devices and setups. Nontraditional TCPs typically may add
contractual requirements to accelerate the work, introduce
techniquesto reduce the work space and time needed to com-
plete the work, or shift the work to periods with less traffic
(i.e., nights or weekends).

A conceptual framework of a TCP will have been devel-
oped within the process that resulted in the decision to work
at night (see NCHRP Report 475). The detailed TCP must
then be developed following the principles of the MUTCD
and the guidelines provided in Chapters 1, 2, and, to some
extent, 3 of this document. When the detailed TCP is final-
ized, an operational plan must be devel oped that will address
theissues of staffing, training, oversight, accessibility of site,
setup and takedown, and emergencies and contingencies.
The development and implementation of this operational
plan is the subject of Chapter 3.

Seven typical application diagrams (TADs) for night work
are included in Appendix A. They illustrate recommended
enhancements to accommodate the added risks inherent in
working at night. These TADs are based on TADs currently
inthe MUTCD.




CHAPTER 1

DESIGN REQUIREMENTS FOR VARIOUS TRAFFIC CONTROL OPTIONS

1.1 ROAD CLOSURE AND DETOUR

Because traffic volumes are typically lower at night, it is
often feasible to completely detour traffic from afacility to
allow full accessto theroadway for the construction or main-
tenance. The advantages of this approach are discussed in
NCHRP Report 475: A Procedure for Assessing and Plan-
ning Nighttime Highway Construction and Maintenance (2).
However, a number of factors discussed in NCHRP Report
475 pose specia concerns for the design of closures and
detours for use in conjunction with nighttime construction.
Thesefactorsrequire the use of enhanced designsand devices
to ensurethat drivers can safely and easily traverse detours at
night and that the roadway closures are completely effective
in keeping traffic out of the closed facility. Because workers
and equipment are less visible at night, any vehicle that cir-
cumvents a roadway closure and reaches the area of con-
struction activity represents a potential for a catastrophic
accident. This concern is magnified at night by the increase
in the number of impaired drivers.

Depending on the nature of the facility where the work is
performed and onthe highway system availableinthe area, dif-
ferent detour optionsmay be available, including thefollowing:

+ Traffic may be detoured off thefacility onto other road-
ways using afully designated detour route.

 Traffic may be detoured onto a service road adjacent to
the primary facility.

» Traffic may be detoured onto a street or highway, such
as an arterial, that parallels a freeway but shares the
same corridor.

« Traffic may be restricted from afacility without the des-
ignation of aspecific detour. Thisoptionisnormally lim-
ited to arterials and local streetsthat do not carry signif-
icant nonlocal traffic and to areas where parallel streets
provide obvious aternate routes for the detoured traffic.

Designated or undesignated detour diversions may be pro-
vided to remove a portion of the traffic in advance of the
work area or the primary. Such diversions may permit the
remaining traffic to be carried through the work area or on a
detour that cannot carry the entire traffic volume.

The guidelinesin this chapter provide specific recommen-
dationsto enhance the design and performance of the various
roadway closures and detours at night.

Specificinformation on design requirementsfor traffic con-
trol devices, including safety issues, iscontained in Chapter 2.
Examples of roadway and ramp closures are provided in night
work typical application drawings 2 and 3 (NWTA-2 and -3)
in Appendix A.

1.1.1 Advance Warning Signs

Because driversare often lessalert and are morelikely to be
impaired at night, the use of advance warning signsin advance
of roadway closures and detours is especially important.

1.1.1.1 Content of Signs for High-Speed Roads

For high-speed roadways, the DETOUR (W20-2) or ROAD
CLOSED (W20-3) signs are typically used.

Wherethe construction activity will be adistractionto traf-
fic, or where construction vehicles may be entering or exiting
the roadway to access the work site, the ROAD WORK
(W20-1) sign should be placed upstream from the DETOUR
or ROAD CLOSED sign.

1.1.1.2 Spacing of Sgns for High-Speed Roads

For most situations, the warning should be repeated at
appropriate distances (see Table 6C-1 in the MUTCD) to
ensure that drivers see one or more of the signs and compre-
hend the warning. For facilities with higher speeds, a total
advance warning distance of 0.80 km (0.5 mi.) for conven-
tional highwaysand 1.6 km (1 mi.) for expresswaysand free-
ways normally provides adequate time for driversto prepare
for the upcoming maneuver. Because speeds are often higher
and drivers less alert at night, the spacings in Table 6C-1
from the MUTCD may need to be lengthened.

1.1.1.3 Content of Sgnsfor Low-Speed Roads

For low-speed roadways carrying light traffic volumes, a
single advance warning sign using the AHEAD legend instead
of a specific distance may be appropriate.
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1.1.1.4 Spacing of Sgns for Low-Speed Roads

Asshownin Table6C-1intheMUTCD, spacingsassmall
as 30 m (100 ft) between signs are reasonabl e for urban facil-
ities with low speeds.

1.1.1.5 High-Speed Roads
with Long-Distance Traffic

In extreme cases where long-distance traffic must be
detoured from freeways, longer advance warning distances
provided by additional warning signsor supplemental devices,
such as changeable message sighs (CM Ss), may be consid-
ered (see Section 2.3)

1.1.1.6 Voluntary Diversions

Standard advance warning signs are normally not required
for voluntary diversions, evenif the alternate route is signed.
However, some sort of advance notice is desirable. Regard-
less, advance information and advance notice are both impor-
tant, as discussed in Section 1.1.8.

1.1.1.7 Mandatory Diversions

Where diversions are actually mandatory detours for a
portion of the traffic stream, such astrucks, advance warning
must be provided according to the previous guidelines.

1.1.2 Route Signs

Detour signs and markers, as discussed in Section 6F.50
of theMUTCD, arecritical components of nighttime detours
to guide drivers along the temporary route and back to the
highway beyond the temporary traffic control zone. Basic
principles for route signing, including detours, are provided
in Section 2D of the MUTCD. Several examplesof routesign
layouts are provided in Section 6H.01. Those principles
remain valid at night and are not repeated here. However,
because of the added difficulties and uncertainties involved
in navigating an unfamiliar detour at night, thefollowing rec-
ommendations for route guidance are offered as enhance-
mentsto improve the effectiveness of detour signing at night.
It is most important that when the detour is active only at
night, all temporary signing must be removed or covered dur-
ing theremoval of thetemporary traffic control deviceswhen
normal traffic flow is restored.

1.1.2.1 Route Marker Assemblies

Standard route marker assemblies with the DETOUR
(M4-8) marker should be used whenever possible when the
closed highway is a numbered route. Use of the DETOUR
sign alone on numbered routes should be limited to emer-

gencies or for confirmation on very short detours where the
route is apparent.

Strict adherence to the use of advance route turn assem-
blies, directional assemblies, and confirming or reassurance
assemblies is especially important. Frequent use of reassur-
ance assemblies at any point that may potentially raiseaques-
tion for adriver is more essential for nighttime construction
detours, since other visual clues are missing and many of the
drivers may be unfamiliar with the route.

1.1.2.2 Route Marker Sze

Increasing the size of the route detour markers should be
considered for routes carrying substantial traffic volumes,
especially where truck traffic and multilane roadways may
require enhanced legibility to ensurethat drivers seethe signs
far enough in advance of turn points.

1.1.2.3 Posting on Multilane Roads

Posting route assemblies on both sides of multilane road-
ways offersincreased assurance that driverswill seetheroute
assemblies in advance of turns, especially where truck traf-
fic is high or roadside lighting from nonhighway sources
makes the route assemblies difficult to see.

1.1.2.4 Intersecting Roadways

In additionto route assemblies along the detour routeitself,
route assemblies should be provided on intersecting roadways
to assist drivers who may need to enter the detour and follow
it to the reopened roadway at the end of the detour. This pro-
vision is especialy important if the intersecting roadway
leads to a closed entrance or to another intersection with the
closed roadway.

1.1.2.5 Closure Spanning More than One Exit
or Interchange

If the closure spans more than one exit or intersection of
the closed roadway, it will be essential to provide detour
signing from any closed intermediate entrances or intersec-
tions. These secondary detours may lead to the main detour
or may lead directly to the reopened roadway at the end of
the main detour.

1.1.2.6 Detour Arrows at Closure Points

The detour arrow (M4-10) sign should be provided at the
actual points of closure or start of the detour, mounted on or
above the barricades. On freeways and expressways, where
barricades are used to channelize traffic onto a ramp at the



closure point, the sign should be mounted above the barri-
cades and perpendicular to traffic. Placing the sign on a sep-
arate support behind the barricades may be most effective.

1.1.2.7 Sreets and Minor Roads

Thenormal DETOUR (M4-9) sign may be used for streets
and other minor roads, but use of a street name DETOUR
sign with this sign will enhance driver confidence and may
help to smooth traffic flow.

1.1.2.8 Diversionsor Alternate Routes

Designated diversions, or alternate routes, should be pro-
vided with route signing as necessary to ensure that traffic
can easily return to the main route. Where the alternate route
carries traffic directly back to the intended route, no further
signing may be necessary. If, however, the intended diver-
sionisnot clear, it may bedesirableto sign the alternate route
using black-on-orange ALTERNATE (M4-1) panelsinplace
of DETOUR panéls.

1.1.3 Barricades and Channelizing Devices

A combination of devicesis necessary to form road clo-
sures at detour points. Typelll barricades are required by the
MUTCD to form closures. In addition, other types of chan-
nelizing devices may be necessary to form lane closuresin
advance of roadway closures or to otherwise channelize traf-
fic in preparation for the detour movement. The following
guidelinesare provided for the use and layout of thesedevices
at closure points.

1.1.3.1 Closuresat Intersections
or Entrance Ramps

For closuresat intersectionsor at the start of entrance ramps,
Type Il barricades must be extended completely across the
roadway. If local traffic is allowed beyond the point, how-
ever, adequate gaps must be left between barricades to per-
mit traffic access. Where space permits, it is desirable to
place at least one device in the center of theroad, and one on
each shoulder.

1.1.3.2 Passage for Construction Traffic

Where only construction traffic is permitted past the clo-
sure point, access for the construction traffic should be pro-
vided in amanner that discourages other traffic from entering
the closed roadway. This may be done by leaving the con-
struction traffic opening on the shoulder or even requiring
construction traffic to go over a mountable curb.
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To further discourageimpaired driversfrom entering closed
roadway's using openings left for construction vehicles, Type
[11 barricades or other large channelizing devices may be used
to form a chicane, forcing traffic to move from one side of the
road to the other to maneuver around the devices.

1.1.3.3 Sght Distance at Intersections

Placement of the Type Il barricades must consider inter-
section sight distance for vehicles that must pass the barri-
cades when exiting the closed facility, such as local traffic,
construction vehicles, or exiting traffic on two-way ramps or
roadways. An increase in sight distance can generally be
accomplished by setting the barricades back several feet from
the edge of the through lanes.

1.1.3.4 Redundancy

Redundancy (in the form of backup devices) is desirable
for al road closures to stop vehicles that either unintention-
aly or intentionally circumvent the primary closures. At a
minimum, an additional set of Type Il barricades should be
provided at some distance beyond the primary closure. Other
backup measures are discussed in Section 1.1.6.

1.1.3.5 Expressway and Freeway Closures

Detours on expressways and freeways are accomplished by
first closing lanesto restrict traffic to the number of lanesavail-
able on the exit ramp or other transition to the detour facility.
Lane closures are addressed in detail in Section 1.2. Channel-
izing devices used to form the lane closures should follow the
same criteria as for other lane closures. However, at the point
where the final taper is formed to direct traffic off the closed
roadway onto the exit ramp or transition roadway, Type I1|
barricades are typically necessary to effect closure. These
devices should be closely spaced to form a continuous array
such that vehicles cannot pass between them. See MUTCD
Section 6F.60. Depending on the geometry of the taper, the
retroreflectivity of closely spaced barrels (or other large, three-
dimensional channelizing devices) withaone-directiond large
arrow (W1-6) sign may provide greater target value at night
than the two-dimensional barricade would.

A second set of Type |1l barricades should be provided
completely across the closed roadway just beyond the exit
ramp gore or closure point, leaving room along the far shoul-
der for construction traffic to pass.

1.1.3.6 Channelization on Deceleration Lanes
and on Off-Ramps

It may be necessary to provide a second row of channel-
ing devices aong the shoulder of the deceleration lane and
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along the off-ramp approaching the exit point if the width is
such that the exiting traffic might attempt to pass slower traf-
fic or form two lanes. The width between the Type Il barri-
cades and the supplemental devices should be sufficient for
trucks and other large vehicles to negotiate the lane change,
but not sufficient to allow passing. Four and a half meters
(15 ft) is often an appropriate width, but an adjustment to
meet actual conditions may be necessary.

1.1.3.7 Ramp Closed, Main Line Open

In some cases, exit ramps may be closed in areas where
traffic is present on the main line. If the travel |ane adjacent
totherampisclosed, the channeling devices al ong the decel -
eration lane and ramp areashould be closely spaced to empha-
size the closure and to prevent traffic from crossing through
the channelizing devices onto the ramp. If the adjacent lane
is not closed, channeling devices should be used to form a
shoulder closure upstream of the ramp and then should con-
tinue past the ramp. Type |11 barricades ought to be placed
completely acrossthe exit lanejust past the exit gore. To fur-
ther discourage traffic from attempting to use the exit, Type
[l barricades may also be placed at intervals across the
deceleration lane and behind the row of channelizing devices.
A spacing of 76 m (250 ft) is adequate for most situations,
but adjustments should be made as needed.

1.1.4 Regulatory Signs at Closures

Sections 6F.08 and 6F.09 of the MUTCD identify the
appropriate regulatory signs for road closures. RAMP
CLOSED signs may also be appropriate. Placement of the
signs is described in the same section. In cases where only a
portion of the traffic is detoured, regulatory signs must be pro-
vided to address the specific situation. An example would be
TRUCKS MUST EXIT. The following guidelines are pro-
vided to enhance the use of these signsfor nighttime activities.

1.1.4.1 Placement on High-Speed Roads

Where traffic is diverted from expressways or exit ramps
are closed, signs must be adequately sized to permit them to
be read in advance of the decision point at the prevailing
speeds. For higher approach speeds, especialy wheretrafficis
approaching the signs head-on, mounting these signs on sepa-
rate supportsjust above the barricades may facilitate setup and
handling and make the signs more noticesble to drivers.

1.1.4.2 Placement for Low-Approach Speeds

At intersections where traffic speeds are low, and espe-
cialy if traffic is approaching parallel to the signs and barri-

cades, mounting the signs on theface of the barricades, rather
than abovethem, will improvetheir legibility, since they will
be observed a much closer distances, and often under |ow-
beam illumination.

1.1.5 Warning Lights

Warning lights offer excellent enhancement to channelizing
devices and barricades, especially at night, by attracting atten-
tion to the devices and improving delineation under adverse
conditions. The following guidelines are offered for the use
of warning lights at nighttime closures and detours. Further
discussion is presented in Section 2.1.6.

1.1.5.1 Flashing Lights on Barricades

Flashing warning lights arerecommended on Type 11 bar-
ricades at closure points to attract attention to the closure.
These devices may be especialy helpful where reflectorized
devicesarefrequently encountered by driversthroughout the
temporary traffic control zone, and added emphasis on clo-
sures is desirable. Two flashers, one at each end of a1.5-m
(5-ft) barricade, provide good conspicuity for Type 11 barri-
cades. Similar 1.2-m (4-ft) spacings may be used on longer
barricades.

1.1.5.2 Type A or Type B Lights

Type A (low-intensity) flashing lights are generally ade-
guatefor night useif the batteries are kept in good condition.
If the closure is placed before dark or extends into daylight,
Type B (high-intensity) flashing lights may be needed if vis-
ibility in daylight is necessary. Type A lights are not effec-
tivein daylight.

1.1.5.3 Seady-Burn (Type C) Lights

Steady-burn (Type C) warning lights are discussed in depth
in Section 2.1.6. These lights are intended to supplement
delineation. However, because they are less effective than
flashing lights in gaining attention, their hazard potential if
impacted negates any benefit from their use.

1.1.5.4 When to Avoid Flashing Warning Lights

Because flashing warning lights create a potentially con-
fusing “firefly” effect when installed in a longitudinal dis-
play, or when multiple transverse rows of flashersarevisible
to adriver, they should not be used for delineation. Flashers
thus provide the greatest benefit when arranged in a single
row across the closed roadway—generally perpendicular to
theintended travel path.



1.1.6 Safeguards to Prevent Intrusion

Even well-designed closures may not be immune to intru-
sions into the closed roadway. This concern becomes more
acute at night because driver impairment ismorelikely, dark-
nessreducesvisibility, and reduced traffic volumes may make
drivers prone to ignoring regulations. Several methods are
availableto prevent either deliberate or inadvertent intrusions.

1.1.6.1 Intrusion Risk Assessment

The decision to employ any of the following intrusion
safeguards must be based on a consideration of site con-
ditions and of the potential danger of an intrusion. In subur-
ban areas where impaired drivers may be traveling home
late at night, therisk of intrusions may be higher. A history of
impairment-involved accidents or arrests in the area may
indicate the potential need for these safeguards. Closure points
remotefrom the work areamay pose greater risk because dri-
vers cannot see lights or work activity and are, therefore, less
aware of the construction activities, or they may believethey
can use the closed roadway as a short cut. This situation is
especially hazardous because the driver may travel for some
distance at a high speed before encountering individual
workers or the work operation.

1.1.6.2 Arrestor Nets

Commercially available arrester nets are installed across a
closed roadway to prevent vehicles from entering. These
devices consist of a chain-link fence attached to energy-
absorbing anchors at each end. On impact, the fence entraps
the front of the vehicle and brings it to a controlled stop.
Deceleration rates of about 1 g aretypical for passenger cars.
A variety of anchorage systemsthat permit rapid deployment
and removal for most situations are available. Depending on
the approach speed, a deflection space of 30 m (100 ft) or
more is required beyond the net to stop the vehicle. If con-
struction traffic is allowed to enter, adequate room must be
available outside the shoulder to permit vehicles to bypass
the net and anchors. Full details on arrestor nets are provided
in Section 2.6.8.

When nets are used, the preferred location is several hun-
dred feet beyond the primary barricades. This permits the
installation of a secondary row of barricades prior to the net,
with sufficient braking distance for drivers to stop before
striking the net if theintrusion is unintentional .

1.1.6.3 Impact Attenuator

Even though they are quickly removed and installed,
arrestor nets may not be practical at some sites, especiadly if
the closure is very short term. For such locations, a shadow
vehicle equipped with a portable impact attenuator may be
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used in each of the closed lanes. This unit must be designed
to safely stop vehicles under the expected range of approach
speed and vehicle sizes. Warning lights and signs on these
vehicles are essential to aert drivers prior to impact. Typical
positioning at closures is beyond the secondary barricades,
allowing adequate space for errant drivers to stop prior to
impact with the attenuator.

1.1.6.4 Guardsor Police

If space is provided for construction traffic to enter the
closed roadway, determined drivers may attempt to circum-
vent the closure and arrestor net or impact attenuator. The
deployment of civilian guards, or even of uniformed police
officers, may become necessary. When used, the guard or
police officer should be provided with clearly marked vehi-
cles equipped with warning lights. Radio communication sys-
tems are also essential to communicate with other police units
and with the construction staff in the event of an intrusion.

If a guard is used in conjunction with or instead of an
arrestor net or impact attenuator vehicle, the guard vehicle
must be stationed in a safe location where it is readily visi-
ble, but not at risk of being impacted in the case of an intru-
sion. In no case should the patrol guard vehicle be parked
within the deflection space of the safety net or in the roll-
ahead distance of the attenuator vehicle. The use of enforce-
ment for speed control is discussed in Section 3.3.11.

1.1.7 Improvements to Detour Routes

It is important to ensure that detour routes can accommo-
date the traffic demands placed on them at an acceptablelevel
of service and safety. Night work can be expected to place
added demands on detours because of higher-than-normal
traffic volumes, reduced visibility, and impaired drivers. The
following guidelines address the safe, efficient operation of
nighttime detours.

1.1.7.1 Detour Geometrics

The basic geometrics of the detour must allow safe accom-
modation of the anticipated traffic. Although it israrely feasi-
ble to widen the pavement or improve aignment along an
entire detour, it may be feasible to make spot improvementsto
eliminate problem locations on adetour route that is otherwise
acceptable. Such improvements may include minor widening
at intersections, eliminating parking to effectively increase
roadway width, or even reconstructing isolated bottlenecks.

1.1.7.2 Pavement Markings

High-quality pavement markings are essential for unfamil-
iar drivers at night. Unless the detour is very short, operates
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at avery low speed, or includes ahigh level of roadway illu-
mination, highly visible pavement markings should be added
to the detour routeif not already present. Thisaddition should
include edge lines, centerlines, and lane lines. The addition
of raised pavement markers to pavement stripes provides an
added benefit at night, especially in areas subject to fog or
frequent rainfall.

1.1.7.3 Warning Sgns

The size and retroreflectivity of warning signs along the
detour may need to be upgraded, additional signs may need
to be added, or both because of theincrease in traffic volume
along thisroute.

1.1.7.4 Intersection Control

Intersection controls must be adequate to accommodate the
added detoured traffic. If existing controls are inadequate, it
may become necessary to add STOP or YIELD signsor even
traffic signals. The design of such controls must consider
both the normal daytime flows and the increased detour vol-
umes at night. In some cases, existing signal systems may
require upgrading or different signal phasing to efficiently
handle the different flow conditions between day and night.

1.1.7.5 Fixed Roadway Lighting

Roadway lighting at selected intersections or even along
the entire detour may be considered, especialy if the closed
roadway isfully lighted or if the detour route includes diffi-
cult alignment or intersections. Temporary lighting may be
very effective in reassuring drivers that they are following
the correct detour route and in assisting them to correctly
navigate complex or potentially confusing decision paints.

1.1.7.6 Pavement

The pavement structure must be able to accommodate the
increased detour traffic. In some cases, the owner of apoten-
tial detour facility may require overlaying the detour route as
acondition for approval to usethefacility asadetour. Where
the pavement surface is already in poor condition or where
thedetour traffic may result in pavement deterioration, apave-
ment overlay may be necessary prior to placing traffic on the
detour.

1.1.8 Detours and Diversions

Detours and diversions function most effectively when
driversarealerted in advance concerning the nature of and the

reason for the detour or diversion. Guidelinesfor related pub-
lic awareness activities are provided in detail in Section 3.6.

Diverting a portion of the traffic away from a temporary
traffic control zone often eases the task of accommodating
theremaining traffic. Likewise, apartial diversion may make
it feasible to accommaodate the remaining traffic on a detour
route that could not otherwise safely or efficiently carry the
entire traffic flow.

1.1.8.1 Truck Diversions

In some cases, diversions of trucks may permit a detour to
carry the remaining passenger vehicletraffic. A typical exam-
ple is a detour route through or adjacent to residential areas
wheretruck traffic would be especially objectionable at night.

1.1.8.2 Advance Signing

To work effectively and to help drivers willingly follow
diversions, diversions must be signed well in advance. If pre-
sented with a last-minute decision, drivers may choose to
stay on the primary route. CM Ss, highway advisory radio, or
both can be particularly effective for this purpose.

1.1.8.3 Advance Notice

Providing notice in advance of the start date of the night
work allows commuters and other drivers who frequent the
route to plan an alternate route in advance. Such notice
should clearly specify the location, dates, and times of the
planned work, as well as the other routes affected. Methods
and guidelines for providing advance notice are discussed in
Section 3.6.

1.2 LANE AND SHOULDER CLOSURES

Night work operations frequently involve the temporary
closure of traffic lanes or shoulders to permit work opera-
tionsto occur during periods of reduced travel, with the lanes
reopened during the day to restore full capacity. Occasion-
aly, long-term lane or shoulder closures are used during
night work to permit multiple work shifts or to permit oper-
ations such as concrete placement to proceed during cooler
night hours. Basic considerations for lane closures are pre-
sented inthe MUTCD (Chapter 6C and other chapters). These
considerations include the definition of the basic temporary
traffic control zone components: the advance warning, tran-
sition, activity, and termination areas. Buffer spacesare akey
part of the activity space. Figures 6C-1 and 6C-2 in the
MUTCD display the basic components of temporary traffic
control zones.

This section provides an overview of related information
from the MUTCD, as well as additiona considerations that



are especially applicable to nighttime work operations. Dif-
ferent types of operationsinvolving lane or shoulder closures
that may be used at night include the following:

+ Short-term, relatively long closures for paving and pave-
ment work (such closures are typically relocated on a
nightly basis or even during a night);

 Short-term, shorter closures for localized operations,
such as bridge work;

» Long-term closures of various lengths for mgjor con-
struction, such as bridge replacement or full-depth pave-
ment reconstruction; and

* Nightly closures at a fixed location that are removed
daily to restore capacity during peak or daytime travel
periods.

Although these situations share many common problems,
different approaches provide specific advantages in certain
situations. Reduced visibility and driver/worker impairment
introduce specia concernsat night. Enhanced advance warn-
ing, larger buffer space, better separation of successive or
conflicting traffic movements, and positive driver guidance
at decision pointsall become more critical. These approaches
will be discussed in the subsections that follow.

Examples of lane and shoulder closuresfor night work are
shown in NWTA-1A, -2, -4A, -4B, -5, and -7, in Appendix
A. NWTA-1B and -1C show setup and adjustment details.

1.2.1 Starting Points for Closures

A key decision in designing lane or shoulder closuresis
selecting the best possible location to start the closure. The
advance warning area discussed in Section 6C.04 of the
MUTCD includes features that must be provided to alert
drivers prior to the actual start of alane or shoulder closure.
To beeffective, the devicesin the advance warning areamust
attract driver attention and convey the necessary information.
Because drivers are frequently less alert or not expecting to
encounter closures at night, approaches that are acceptable
during daylight may need enhancement to ensure effective-
nessat night. Thefollowing guidelines are offered to address
nighttime concerns relative to locating the start of lane and
shoulder closures.

1.2.1.1 Conflict Points

Closures should be started as far away from other conflict
points as possible so that drivers can focus attention more
directly on the closure. Potentia conflicts include on- or off-
ramps, intersections, major traffic guide signs, or CM Ss. Any
of these features may distract a driver’s attention from the
closure such that a potential for a conflict arises.

The MUTCD suggests a minimum distance between suc-
cessive closures equal to twice the normal lane closure taper
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length (see Section 1.2.2 for adiscussion of taper lengths). Con-
sidering reduced visibility and the effects of driver impairment
at night, considerably longer separations reduce the potential
for drivers missing critical information and conflicts arising.
When site conditions permit, placing the actual start of the
lane or shoulder closure (defined in the MUTCD as the start
of the transition area) 30-60 stravel time beyond other deci-
sion points providestime for adriver to adjust to the upstream
pattern and focus on the upcoming closure. When conditions
are such that drivers will be faced with potential conflicts or
driver decision points downstream of the taper, itislikewise
helpful to provide 3060 s for traffic to acclimate.

1.2.1.2 Sght Distance

Locating closure points to provide good sight distance to
the taper is especially important at night. Locating tapers
downstream of horizontal curves or vertical crests makes it
difficult or impossiblefor driversto seethe approaching tran-
sition. Roadside features such astraffic barriers, roadside veg-
etation, bridge piers and abutments, or various other features
may reduce sight distance even on relatively flat or straight
road alignments. When project conditions permit, locating
transitions away from features that restrict sight distance
improves merges and shifts as drivers approach the transi-
tion, thus reducing the potential for forced or late merges,
sudden speed reductions, and other potential conflicts. Pro-
viding the driver with decision sight distance (DSD) to tran-
sition points is helpful in smoothing operation during higher
traffic periods. DSD is the distance at which drivers can
detect a hazard or a signa in a cluttered roadway environ-
ment, recognize the threat potential, select an appropriate
speed and path, and perform the required maneuver safely (4).

1.2.1.3 Recovery Areas

In addition to buffer spaces to separate the travel lane and
work spaces (see Section 1.2.3), roadside recovery areas
upstream of and through thetransition area of lane and shoul -
der closuresareimportant. Theserecovery areasprovidedriv-
erswith an areato regain control of the vehicle and to safely
stop or returnto thetravel lanewhen aconflict or driver error
occurs. Because the transition arearequires driver responses,
such as merging or slowing, the potential for conflicts and
errors leading into and within the transition area increases.

L ocating the transition area to take advantage of an avail-
ableroadside recovery areaisthe easiest way to address this
concern. Transition arealocations that include bridges, large
sign structures, nontraversable side slopes, and other road-
side features that represent potential hazards reduce the like-
lihood of adriver recovering from aconflict or driving error.
Often, moving a transition area by a few hundred feet can
place the transition maneuver where improved roadside
recovery areaisavailable.
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As with existing roadway features, construction features
may also detract from the availability of roadside recovery
areas. Locating transitions away from material stockpiles,
roadsi de construction operations, vehicle or equipment stag-
ing areas, and parking areasfor workers' vehiclesmay improve
available recovery area.

1.2.2 Layout of Transition Area

Within the transition area, the normal traffic pattern is
changed to provide for both travel and work spaces within
the activity area. Typical changes include merges for lane
closures, speed reductions as drivers react to construction
activities adjacent to the travel lane, increased congestion,
and momentary stops.

1.2.2.1 Taper Lengths

Tapers are used to provide gradual merges and lateral path
changes where lanes are closed or shifted, or drivers react to
activity on the shoulder. Use of large, closely spaced channel-
izing devices and an arrow panel in lane closure tapers (see
Figure 1) provides adequate guidancefor driversat night work
sites. Recommended taper length criteriaare provided in Table
6C-2 of the MUTCD, which isreproduced in Tech Note 1.

As discussed in Section 6C.08 of the MUTCD, adjust-
ment of taper lengths to accommodate site conditions is
important. For high-speed, free-flow conditions, the rec-
ommended lengths are desirable minimums, with shorter
lengths likely to result in forced merges and abrupt braking.
When other roadway features such as intersections and ramps
interferewith taper layouts, some shortening of the taper may
provide acceptable results, especialy if speeds are not high.
However, for free-flow conditions with higher speeds, relo-
cating the taper to provide greater length may improve oper-
ation. Where speeds are low, especially with higher traffic
volumes, longer tapers may result in sluggish flow by encour-
aging driversto compete for position in the open lane beyond
the taper. (See Tech Note 2.)

Figure 1.

Lane closure taper.

1.2.2.2 Adjustment of Taper Lengths
for Night Work

Longer taper lengths may be needed to accommodate
reduced driver alertness and slower response times at night.
Especially for high-speed roads, taper lengths longer than
thosein Table 6C-2 of the MUTCD may reduce conflicts at
merge and shift points. When tapers are left in place for
several hours, traffic volume may decrease and speeds may
increase markedly later in the night. In such cases, partly
lengthening the taper through the night may be worth consid-
ering. When the taper is established, an adjustment of the taper
length can normally be accomplished easily by alateral adjust-
ment of the channelizing devices. However, this adjustment
must be planned in advance so that the adjusted taper length
does not encroach on or taper beyond the activity area.

1.2.2.3 Monitoring Transition Operations

Regardless of traffic changes during the course of thework,
operational characteristics of the transition must be moni-
tored and adjustment in the taper length made in response to
problems or conflicts. Shortening a taper under low-speed
conditions may improve operations, encouraging drivers to
merge sooner and more smoothly rather than attempting a
forced merge at the downstream end. On the other hand, if
maneuvers such as abrupt braking are observed under high-
speed, free-flow conditions, a longer taper may result in
smoother merges.

1.2.2.4 Shoulder Tapers

Because work operations or equipment and vehicles on
shoulders may startle inattentive drivers, adequate tapers
are especially important for shoulder closures at night. Cri-
teria for shoulder taper lengths are provided in Table 6C-2
of the MUTCD.

1.2.2.5 Separation Between Tapers

Where successive tapers or other changes are introduced
within atransition area, the principles for reducing conflicts
(discussed in Section 1.2.1) are important. A separation of
twice the normal taper length between successive tapers or
between other decision or conflict points provides time for
drivers to acclimate to the first change and observe traffic
control devices for the second change.

1.2.3 Layout of Activity Area

The layout of the activity area must provide a clear sepa-
ration between thetravel and work activity spacesand should
provide buffer spacesto provide added protection when driv-
ers or workers inadvertently stray from their intended areas.



The conceptua layout of the activity areais defined in Fig-
ure 6C-1 of the MUTCD. Considering the higher risk of
driver error at night combined with the presence of workers
in the work space, the inclusion of longitudinal and lateral
buffer spacesin the activity areais especially desirable.

1.2.3.1 Longitudinal Buffer Space

Additiona length of closed lane or shoulder between the
downstream end of the taper and the start of the work space
provides a recovery areafor drivers who fail to merge or fail
to stay in the proper driving lane. To be effective, this buffer
space must be kept completely free of workers, vehicles,
equipment, and any other obstructions or hazards. Although
any length of buffer space is helpful, the increased risks asso-
ciated with night work make it especially desirable to provide
adequate length for driversto recover or stop at the anticipated
operating speeds. Section 6C.06 of the MUTCD provides
guidelinesfor the use of longitudinal buffer spaces. Thelength
may be based on the braking distance portion of AASHTO
stopping distance guidelines, although shorter lengths are till
worthwhileif longer buffer spaces cannot be provided.

When a shadow vehicle with impact attenuator is placed
in advance of the work space, it defines the downstream end
of the buffer space. An errant vehicle can breach the taper
anywhere through the taper length. Although the taper itself
is not included in the length of the buffer space, the closed
portion of the lane or shoulder within the taper must also be
kept clear of potential hazards.

1.2.3.2 Lateral Buffer Space

Reduced visibility, combined with poor driver performance,
increases the importance of lateral buffer spaces in night
work operations. Thelateral buffer space may be provided to
separate traffic and workers or to separate vehicles from
other hazards and obstructions adjacent to the travel lane. On
undivided roadways, lateral buffer space may also separate
opposing traffic flows.

No established criteria address the width of lateral buffer
space. The width should be based on engineering judgment
and on an analysis of work site characteristics. However,
devices used to create a buffer space should not reduce the
lane width to less than 10 ft. When the work space occupies
the shoulder of a multiple-lane roadway or an outer lane of a
three-or-more-lane roadway, consideration should be given
to closing the lane adjacent to the work spaceto provide alat-
era buffer. Thisoption is suitable when traffic demand does
not exceed the capacity of the remaining open lanes such that
congestion occurs and queues devel op. Closing an additional
lane to form alateral buffer when objectionable congestion
does not occur may reduce speeds somewhat and have a
calming effect on traffic through the activity area.
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When alane adjacent to the work space can be closed, the
closing provides the added advantage of allowing the chan-
nelizing devices or portable barrier used to form the closure
to be placed in the closed lane. This placement maintains the
full width of the open lane and permits smoother traffic flow
past the work space, which may reduce the potential for con-
flicts on the opposite side of the travel lane.

When an additional travel lane cannot be closed as a lat-
era buffer, the need for abuffer remains, especially if work-
ers or equipment are present in the lane adjacent to the open
travel lane. When only asingle travel lane remains open and
ashoulder isavailable on the opposite side, placing the chan-
nelizing devices on the travel side of the lane line provides a
small amount of buffer by moving traffic laterally toward the
shoulder.

1.2.3.3 Lateral Buffer Space with Barriers

Drivers tend to move away from roadside obstructions,
especially at the obstructions' point of introduction. This
effect applies to positive traffic barriers, whether permanent
or portable, and may be more pronounced at night because
the barrier may be less visible. Shy-line offsets, intended to
reduce driver reaction to theintroduction of such hazards, are
discussed in the AASHTO Roadside Design Guide (5) and
may be used to assess lateral buffer space widths. Suggested
shy-line offsets for various speeds are given in Table 5.4 of
the AASHTO Roadside Design Guide.

Typically, positive barriers should be placed as far away
from the travel path as conditions permit, providing the lat-
era buffer between the travel space and the barrier. Because
the barrier provides positive control of errant vehicles, addi-
tional buffer space is normally not needed between the bar-
rier and work space or roadside hazard, except as necessary
to accommodate dynamic barrier deflection. For channeliz-
ing devices, however, it is necessary to place the devices
immediately adjacent to thetravel space, providing the buffer
space beyond the devices.

When space permits, especialy if reflective pavement
markings or other positive delineation cannot be provided,
placing channelizing devicesto form alateral buffer between
the travel space and the barrier provides added protection
against drivers impacting the barrier.

1.2.3.4 Flagger Usefor Lateral Buffers

When restricted site conditions make it impractical to pro-
vide areasonable width of lateral buffer adjacent to the work
space, it may be possible to shift traffic away from concen-
trations of workers and equipment, such asapaver operation,
using flaggers. Guidelines for flagger use in nighttime oper-
ationsare discussed at length in Section 2.5. When used, flag-
gers must be located upstream of the work operation and be
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made as visible as possible to approaching traffic. The flag-
ger signal should be intended to encourage drivers to slow
down and shift away from the work space. For this applica-
tion, it is helpful for the flagger to carry an audible warning
device that can be activated if a vehicle appears to present a
threat to workers in the work space. This audible warning
deviceisoneform of anintrusion alarm. Othersare discussed
in Section 2.6.9.

1.2.4 Intrusion Protection for Lane
and Shoulder Closures

When feasible, intrusion protection is desirable to protect
workers from errant vehicles that may enter the work space.
Section 2.6 provides detail s of some safety features that may
be used to prevent intrusions. Because most nighttime lane
and shoulder closures must be quickly set up and removed,
devicesthat can be quickly deployed are most useful . Shadow
vehicles equipped with truck-mounted attenuators are espe-
cially good choices.

1.2.4.1 Temporary Barrier

Temporary barriers greatly reduce the risk of errant vehi-
clesintruding into thework space or contacting other hazards.
Although most nighttimework operationswould benefit from
the positive protection that a barrier provides, considerations
of setup time and width restrictions often make barrier use
impractical or impossible. Even lightweight plastic barriers
require some time to deploy and entail an exposure of the
setup operation to traffic. When lanes must be reopened on
a daily basis to accommodate traffic demands, the nightly
deployment of portable traffic barriers is rarely practical.
However, amoveable concrete barrier fitted with retroreflec-
tive markers may be applicable for such situations.

Fixed temporary barriers may also be suitable to separate
shoulder work spaces from traffic. Contractor access to the
work space must be considered. In some cases, access may be
available from outside the shoulder or from the ends of the
work space. In other cases, it may be possibleto provide access
during nighttime work periods by temporarily closing thelane
adjacent to the shoulder. In these latter cases, the barrier pro-
vides protection of the work space, with activity in the closed
lane limited to material deliveries and similar operations.

1.2.4.2 Barrier Warrants

Established warrants to guide decisions on temporary bar-
rier applicationinwork zonesare not available. Such decisions
must be made on the basis of an analysis of the comparative
costsand benefits of performing the work with and without the
barrier. Factors considered include the nature of the hazard if
awork spaceintrusion occurs, traffic speed and volume, avail-

ability of lateral buffer space, duration of the work activity,
and accident history of thefacility. Conventional portablecon-
cretebarrierismost likely to be cost-effective to protect shoul -
der closures when traffic volumes and speeds are relatively
high, because workers will frequently be present in the clo-
sure and the closure will bein effect for an extended period.
A movesble concrete barrier can be easily and quickly
shifted laterally to close or reopen travel lanes with minimal
traffic impact during the shift. This barrier is, thus, suitable
for use when lane closures must beimplemented and removed
on aregular basis. Although this barrier is easily shifted later-
ally, longitudinal relocation entails extensive time and effort.
Thistype of barrier is, therefore, generally suitable when the
work space remainsin afixed location for sometime. The cost
of the movable barrier and transporter machine is relatively
high—typical recent applicationsin New Y ork State were on
the order of $1 million. However, for facilities carrying high
volumes of high-speed traffic, where the setup will bein place
for some time, amovable barrier may be cost-effective (6).

1.2.4.3 Barrier Length

Even though it is a saf ety feature, a portable traffic barrier
represents a potential hazard in that it may be impacted by
errant vehicles. Furthermore, its use adds to traffic control
costs and requires time to install and remove. The length of
the temporary barrier must, therefore, be limited to only that
length needed to protect the work space or other hazards.
Because the primary function of a portable barrier isintru-
sion protection and not channelization, one must first form
lane or shoulder closure tapers using channelizing devices
and then form an appropriate longitudinal buffer space prior
to introducing the barrier.

1.2.4.4 Barrier Layout and End Treatments

Ends of portable barriers represent a significant hazard if
impacted, even at low speeds. One must, therefore, either
install the upstream ends of the portable barrier to minimize
the chances of vehicle impact or protect the barrier end by
means of an acceptable barrier terminal. The risks of end
impacts and adverse driver reaction to the barrier end are both
reduced by flaring the barrier end away fromtraffic. Low flare
rates produce longer flared sections and may increase the
number of impacts with the temporary barrier. Higher flare
rates produce shorter flared sections and fewer impacts, but
may result in an increase in the severity of redirection acci-
dents and may increase the number of barrier penetration
accidents. Benefit-cost analyses of temporary concrete barri-
ers indicate that total accident costs may be minimized for
flareratesranging from4:1t08:1. A flarerateof 5:10r6:1
may be slightly more favorable for urban streets with high
traffic volumeswhere speeds arelower and impact anglesare
higher (6).



The AASHTO Roadside Design Guide discusses a hum-
ber of treatmentsfor barrier ends, including shielding behind
existing barrier, burying the end in an embankment back-
dope, or installing a crash cushion. Whatever the treatment
selected, it is essential to consider the need for accessto the
work site when designing the barrier layout.

1.2.5 Channelizing Device Characteristics

Channelizing devices are an essential part of lane and
shoulder closures, even when portable traffic barriers are
used to separate the travel and work spaces. Channelizing
devices are required to form the closure taper and buffer
spaces and to provide delineation throughout the temporary
traffic control zone. To accommodate the added visibility
requirements of night work, channelizing devices that are
larger and more visible than those used in comparable day-
time applications are desirable. When these devices are used
by themselves to separate the traffic and work spaces, it is
especially important that they provide a highly visible and
clearly defined separation. Section 2.1 provides guidelines
for the selection of channelization devices.

1.2.6 Channelizing Device Layout

Toclearly guidedriversthrough thetemporary traffic con-
trol zone and to reduce the risk of drivers straying into the
work space or other areas not intended for traffic, devices
must be spaced closely enough to discourage both inadver-
tent and deliberate intrusions. The MUTCD recommends a
device spacing in feet equal to the travel speed in miles per
hour in tapers, and double the travel speed in tangents. From
nighttime work experience, the New York State DOT
(NY SDOT) found that frequent intrusions occurred in night-
time work areas using these spacings and subsequently
reduced spacingsto discourage intrusions (6). Guidelinesfor
device spacings follow.

1.2.6.1 Taper and Tangent Spacings

As traffic speeds decrease, closer device spacings are
needed to provide the same visual effect as drivers pass the
devices. Large, closely spaced channelizing devices, such as
the drums in Figure 2, clearly define closed lanes at night.
Based on successful experience by NY SDOT, the spacings
in Table 1 appear to discourage intrusions in tapers and tan-
gent sections of lane and shoulder closures.

TABLE 1 Taper and tangent spacings
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Figure2. Large, closely spaced channelizing devices.

Thelongest allowable spacing is equal to the broken lane-
line spacing and is, thus, easy to follow during setup. When
conditions indicate the need to more clearly define the travel
path or further discourage intrusions, even closer spacings
may be used, especialy if smaller devices such as cones or
tubular markers are used.

Especialy with the larger devices—drums, barricades,
and 30-cm (12-in.)-wide vertical panels—the device spac-
ingsin Table 1 appear to create anearly solid wall of orange
and white reflectorized material as a vehicle traverses the
traffic control zone.

When positive traffic barriers are employed, thus elimi-
nating the risk of work space intrusions, device spacings on
the order of those recommended in the MUTCD may be
effective and will reduce setup and takedown time.

1.2.6.2 Spacing at Ramps and Intersections

Risks of drivers leaving the intended travel lanes are
greater at decision points where adriver must select between
two or more options, such asramps and intersections. Thisis
especialy trueif the normal path through the intersection or
on theramp isrelocated or restricted. Ramps or intersections
that are temporarily closed may be especially troublesome.
To further clarify the correct travel paths in such areas, and
to distinguish them from tangent sections, closer device spac-
ings are effective. The channelizing device spacing should be
reduced to half the normal tangent spacing or lessto provide
enhanced guidance through these critical areas (6).

1.2.6.3 Midlane Devices

Paving, pavement repairs, and other operations frequently
involve long lane closures with the work operation moving

Estimated Operating Speed Maximum Spacing

km/h mph m ft
30 20 6 20
50 30 9 30
70 40 or higher 12 40
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throughout the closure during the night. Part of thetime, long
sections of the closed lane may appear to be unoccupied. This
appearance presents a risk of impaired or careless drivers
entering the closed lane and traveling some distance until
encountering a work operation or some other hazard. This
risk can be reduced by placing extra channelizing devices
transversely across the lane at regular intervalsto alert driv-
ers who enter the lane. Placement of either (1) two drums,
vertical panels, or Typell barricades or (2) one Type Il bar-
ricade per lane is sufficient to effectively close off the lane.
A spacing of approximately 225 m (750 ft) presentsan obsta-
cle approximately every 10 s for vehicles traveling 45-50
mph (72-80 km/h), but provides sufficient distance for a
driver to stop or return to the proper lane.

Where contractors are using the closed lane for work vehi-
cles, sufficient access must be retained. In some cases, work
vehicles can pass the transverse devices on the shoulder. If
multiple lanes are closed, device locations can be staggered
between the adjacent lanes to provide a chicane effect. Where
width is restricted and shoulder width is insufficient, some
benefit can still be gained by placing the devices near each
edge of thelane, leaving just enough width for work vehicles
to pass between.

In the case of paving or similar operations, the transverse
devices cannot be used through the active work area. How-
ever, it may dtill be possible to use the devices beyond the
immediate work area, with the devices relocated throughout
the night as the work progresses.

Finally, all open dig-outs and other excavations should be
clearly marked.

1.2.6.4 Lateral Clearance Between Devices

It is often necessary to use two or more longitudinal rows
of channelizing devices to define both sides of a travel lane
or for exit and entrance lanes. In these locations, it is essen-
tial to control the width between rows of devices to restrict
traffic to the intended number of lanes while providing ade-
quate width to accomplish turning maneuversrequired by the
traffic pattern. Where excessive width is available, aggres-
sive drivers may attempt to pass slower traffic, creating con-
fusion and a potential conflict when the lane again narrows.
Typical problem areas are locations where asingle open lane
shifts from one side of the roadway to the other, at on- and
off-ramps. For tangent sections and flat curves, the normal
lane width of 4 m (12 ft) is normally sufficient to permit
smooth flow while discouraging high speeds. In shifts and
other locations where someturning is necessary, especially if
articul ated vehicles are present, increasing the width between
devicesto 4.3 mor 4.9 m (14 ft or 16 ft) will smooth flow and
reduce abrupt driver reactions. Except where severe align-
ment necessitates, more width, greater than 4.9 m (16 ft)
between devices, may encourage driversto form two lanes or
attempt to pass.

1.2.6.5 Warning Lights

The use of warning lightsto enhance the visibility of chan-
nelizing devicesiscoveredin Section 2.1. Installing Type A,
low-intensity, flashing warning lights on the first two chan-
nelizing devices at the start of ataper may be helpful to alert
drivers to the change in traffic pattern. Type A lights may
also be effective at other critical locations, such as exit ramp
locations and on midlane devices. To avoid driver confusion,
it is essential to limit Type A lights to only one or two &t a
specific location.

Because temporary lighting is typically present and
large reflectorized channelizing devices are used, Type C,
steady-burn lightsarerarely necessary or effective for these
applications.

1.2.7 Arrow Panels

Application of arrow panelsis addressed at length in Sec-
tion 6F.53 of the MUTCD. Because of arrow panels’ demon-
strated effectiveness in aerting drivers to lane closures and
because of the higher risk to workers at night, arrow panels
are highly recommended for all night lane closures.

1.2.7.1 When Not to Use Arrow Panels

Because an arrow panel operating in an arrow or chevron
mode may encourage unnecessary lane changes, these devices
are not recommended for functional traffic control for shoul-
der closures. Arrow panels operated in a caution mode may
help to alert drivers at shoulder closures. However, the pres-
ence of the other devices discussed in these guidelines are
effective by themselves. Adding the arrow panel detractsfrom
available buffer space and adds little to the traffic control.

1.2.7.2 Location

To provide the earliest advance warning and to preserve
the buffer space beyond the taper, the preferred location for
the arrow panel is on the shoulder at the start of the taper.
When shoulder width does not permit or when work site
access must be maintained on the shoulder, placing the arrow
panel some distance into the taper to permit locating the
devicepartly or fully inthe closed laneis an acceptable alter-
native, although not the preferred choice.

1.2.7.3 Size and Operating Mode

To provide the clearest and most visible message to driv-
ers, the Type C panel ismost effective, especialy for express-
way and freeway sites. Type B panels may be suitable for
mobile operations or on lower-speed facilities if the panels
use offers operational advantages compared with the larger



Type C panels. Recommendations for arrow panels are con-
tained in Section 2.4.

1.2.7.4 Brightness

Glare from arrow panels is a concern at night. Recom-
mended brightness values for arrow panels to avoid glare
problems at night are provided in Section 2.4.

1.2.8 Traffic Signs

General guidelinesfor traffic signsin night work zonesare
discussed in Section 2.2. Guidelines for specific sign mes-
sages and sign placement associated with lane and shoulder
closures at night are provided in the following sections.

1.2.8.1 Advance Warning Sgns

The ROAD WORK (W20-1) sign combined with two or
more LANE CLOSED (W20-5) or SHOULDER CLOSED
(W21-5a or 5b) signs provide the typical advance warning.
Suggested advance warning sign spacings provided in Table
6C-1 of the MUTCD may be increased at night for added
effectiveness, especially on high-speed freeways and express-
ways. Placement of the first advance warning sign 1 mi. or
more upstream from the closure provides extratime for driv-
ersto preparefor lane closures. Use of 0.80-km (0.5-mi.) and
457-m or 305-m (1,500-ft or 1,000-ft) distances on the
LANE CLOSED/RIGHT SHOULDER CLOSED signs are
generally used with the 1-mi. advance warning sign.

When there is a possibility of queues developing, longer
spacings may be desirable and a BE PREPARED TO STOP
(W20-7b) sign may also be needed. Placement of alanereduc-
tion (W4-2) symbol or aRIGHT SHOULDER CLOSED sign
152 m (500 ft) upstream of the tapersis often used to further
reinforce the start of the taper.

An advance CMS placed about 1 mi. upstream of the
beginning of the transition can serve as a useful supplement
to the lane closure signs and result in smoother 1ane change
profiles. The CMS should be a supplement to and not a sub-
stitution for an arrow panel. Where a permanent CM S oper-
ated by atraffic management center is available, the CMS
can provide driverswith advance warning during the day and
the work period.

1.2.8.2 Satic Arrows

Thelarge arrow (W1-6) sign may be used within the taper
to reinforce lane closures. Placement of one arrow sign mid-
way along the taper reinforces the need to merge. When the
arrow panel cannot be placed at the start of the taper because
of space limitations, use of alarge arrow sign may be help-
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ful. This sign is not recommended at shoulder closures
because it may encourage unwanted lane changes.

1.2.8.3 No-Passing Sgns

When long lane closures are set up for night work, espe-
cialy when the work activities occur only at scattered loca-
tions throughout the closure, it may be helpful to reinforce
the closure. The DO NOT PASS (R4-1) regulatory sign may
be placed periodically throughout |ane closures where traffic
isrestricted to a single lane and there is a concern that vehi-
cles may momentarily enter a closed lane to pass slower
vehicles. Placement on the left and right side of the closed
lane adds reinforcement. Spacing at 0.5-mi. increments is
generally adequate.

1.2.9 Adjusting Lane Closures

Operations such as paving and pavement repairs often
requirework in each lane at a given location as the work pro-
gresses during the night. For certain other operations, the
work may progress throughout the night such that the longi-
tudinal location of the activity area changes. When the work
operation changes from one lane to another, thelane or lanes
closed to traffic must be changed as the night progresses.
When the work moves longitudinally within the same lane,
it is sometimes desirable to adjust the start and end point of
the closureto minimizetraffic delays. Thefollowing sections
provide guidelines to address both situations.

1.2.9.1 Sdecting Lanesto Close First

The decision of which lane or lanesto closefirst for paving
and similar operations is based on consideration of require-
ments of the work operation, the number of lanes required to
accommodate traffic at an acceptablelevel of service, and site
characteristics. On athree-lane roadway with a wide shoul-
der on the right side, it may be preferable to first close the
right lane, allowing the contractor to use the right shoulder
for access while paving the right lane. Later in the night,
when traffic demand has diminished, it is possible to adjust
the setup to close the center and left lane, with the slower
traffic flow confined to the right lane.

On two-lane roadwayswhen traffic isheaviest, closing the
left lane first may provide an advantage if the right shoulder
iswider, the advantage being the wider buffer space that can
be provided when traffic is heaviest.

1.2.9.2 Sdecting Lane for Taper

It is generally preferable to place the lane closure taper in
the lane that is to be closed first and to continue the closure
through the activity area. This method avoids the need to
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shift traffic from one lane to another when traffic is heaviest.
Later at night when traffic is lighter, a shift can be installed
to movetraffic back to the lane that was closed earlier. How-
ever, sight distance and traffic split between lanes should
also be considered. All other things being equadl, it is gener-
ally preferable (because of lower volume and fewer trucks)
to placethetaper in theleft lane. This placement corresponds
with paving the left lane first on two-lane roadways.

1.2.9.3 Shifting Closure Between Lanes

When it becomes necessary to change the travel lane from
onelaneto another, amomentary delay intrafficisnecessary
to alow workers to quickly adjust the channelizing devices
to form the shift from one laneto the other. Thisdelay can be
accomplished by a police vehicle or work vehicle proceed-
ing slowly or momentarily stopping in the lane upstream of
the shift and then slowly leading the traffic through the shift
into the new pattern.

If apolice vehicleis used, the warning lights on the vehi-
clemust bein operation. If awork vehicleisused, it must be
equipped with warning lightsand sign stating WORK VEHI-
CLE—DO NOT PASS or a similar appropriate message.

To minimize the time needed for the shift to be accom-
plished, it is essential for the channelizing devices to be in
place along the new traffic lane downstream of the shift in
advance of the changeover. During the changeover, only the
devices along both sides of the taper need to be adjusted. Suf-
ficient workers must be present to make the change as quickly
as possible.

When alane closure change is planned during the night, it
is essential to provide additional length of closure upstream
of the activity areato accommodate the shift taper and to pro-
vide at least 0.5L tangent length between the initial closure
taper and the shift taper.

For speed limits of 60 km/h (40 mph) or less,

L (in meters) = WS%/155 and
L (in feet) = WS¥/60

where
W =width of offset and
S=posted speed, or off-peak 85th-percentile speed prior
to work starting, or the anticipated operating speed.
For speed limits of 70 km/h (45 mph) or greater,
L (in meters) = WS'1.6 and
L (infeet) = WS
Longer separations between tapers—up to 2L—may be

helpful in smoothing traffic flow where space is available
within the work zone.

1.2.9.4 Shift Sgning

A large arrow (W1-6) sign should be placed in the new
closed lane just beyond the start of the shift to direct traffic
into the new lane. However, no arrow panel should be used
for the shift because no lane change or merge is necessary.

1.2.9.5 Adjusting Closure Length

A laneclosure can beeasily extended from within the closed
lane by simply extending the line of channelizing devices
and adding supplemental signs and transverse channelizing
devices as needed. However, it is essential that the work
vehicle and workers not move beyond the end of the closure
where they may be exposed to vehicles abruptly returning to
the opened lane. A police vehicle or lighted and marked work
vehicle ahead of the workers setting the channelizing devices
provides protection against this risk.

1.2.9.6 Adjusting Start of Closure

Unless traffic delays necessitate the shortest possible
length of closure, it may be preferable to leave the lane clo-
sure taper at its original location and simply extend the clo-
sure length as the work progresses. However, when traffic
needs dictate that the taper be moved with the progress of the
work, this move can be accomplished safely by setting up a
second taper within the first closure at the new downstream
location, working completely within the closed lane. After
the second taper is fully in place, including the new set of
advance warning signs, the previous channelizing devices
are then picked up from within the closed lane, proceeding
upstream against traffic from the new taper to the previous
one. Finaly, thefirst arrow panel and advance warning signs
are removed.

To avoid confusion for motorists, it is important that the
relocated taper is far enough downstream from the first one
that the advance warning signs do not overlap and that driv-
ers do not observe both arrow panels at once.

It is also much safer to make the adjustment under traffic
when there is sufficient width on the shoulders upstream of
thefirst taper for thework crew (1) to removethearrow panel
and (2) to pick up or cover thefirst set of signs. When these
adjustments cannot be made safely, it may be preferable to
simply leave the extended closure length in place throughout
the night.

1.2.9.7 Middle-Lane Closures

For middle-lane closures on three-lane highways, closure
of both the middle lane and one of the adjacent exterior lanes
isthe typical practice. However, if considerations of capac-
ity and congestion do not permit the closure of two lanes, the



available options are to either use a shoulder lane to replace
the lost lane of traffic or split traffic to both sides of the mid-
dle lane, which resultsin the loss of only one lane.

If the middle closure is on a section where capacity requires
two open lanes but shoulders cannot be used to maintain traf-
fic, traffic must be split to either side of the work area. Sign-
ing and channelization for splitting traffic to both sides of the
middle lane is described in the MUTCD TA-38. Thereisno
standard advance signing for atraffic split.

In implementing the traffic split strategy, traffic should be
reduced to two lanes well upstream of the split using a stan-
dard freeway lane closure. To discourage lane changing in the
vicinity of the split, cones may be placed on the lane line
beginning at the split and extending 300 m (1,000 ft) upstream.
Closely spaced cones or other suitable devices are used to
channelize traffic to both sides of the middle-lane work zone
and to keep traffic out of the work area. An arrow panel may
be placed in the closed middle lane just downstream of the
split area. One or more shadow vehicles with truck-mounted
attenuators should be parked in the closed middle laneto pro-
tect the work crew and to discourage traffic from weaving
through thework area. See Section 2.6.7 for guidelinesonthe
use of shadow vehicles. For middle-lane closures near exit
ramps, signing may be needed in advance of the closure to
indicate that the exiting traffic must use the right lane at the
closurein order to usethe exit. All other guidelinesidentified
for single- or multiple-lane closures apply in the case of the
middle-lane closure as well. (See Tech Note 3.)

1.3 LANE SHIFTS, DIVERSIONS,
AND CROSSOVERS

Lane shifts, diversions, and crossovers used by themselves,
or in addition to lane and shoulder closures may be used to
provide additional work space in the activity area while pro-
viding an adequate number of lanes and lane widthsto main-
taintraffic capacity at an acceptablelevel. Becausetraffic vol-
umes are frequently lower at night, it is often possible to
reduce the number of lanesthrough the temporary traffic con-
trol zone. Thus, lane shifts, diversions, and crossovers are
often used in combination with alane closure.

Severa examples of temporary traffic control zones using
shifts, diversions, and crossoversare provided inthe MUTCD.
An example of a median crossover for night work is shown
inNWTA-5in Appendix A. The following sections discuss
appropriate applications of these techniques, with specific
guidelines to address nighttime applications.

1.3.1 Lane Shifts

Lane shifts are relatively minor temporary lateral changes
in travel path, with the shift generally taking place within or
closetothelateral confinesof theoriginal travel lane or shoul-
der. Lane shiftsaredifferentiated from diversionson the basis
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of the degree of the change in path from the original road-
way. The lane shift may or may not involve the construction
of atemporary roadway lane or section. Basic signing and
channelization for alane shift is shown in TA-36 of Part 6 of
the MUTCD.

1.3.1.1 Advance Warning Sgns

TheROAD WORK (W20-1) sign, either withthe AHEAD
legend or with specific distances, is appropriate for advance
warning when the lane shift is at the start of the temporary
traffic control zone. For night work on high-speed roads,
especialy on freeways and expressways, this sign should be
repeated at various distances upstream. The advance warn-
ing sign spacings and distances recommended for lane clo-
sures are also appropriate for lane shifts when the shift isthe
first feature encountered. Refer to Section 1.2.8 for recom-
mended sign placement.

1.3.1.2 When Not to Use Advance Warning Signs

When alane shift occurs beyond the start of the temporary
traffic control zone, such as within alane closure, repesting
the general ROAD WORK sign seriesis unnecessary and may
be confusing. Adding unneeded signs is never a good idea.
Considering the added difficulty of night work zones, it is
especially important to avoid the use of any signsthat do not
fulfill a specific need.

1.3.1.3 Alignment Sgns

The principal information needed for drivers as they tra-
versealane shift areaisthe alignment of thetemporary travel
path. Appropriate roadway alignment signs should, therefore,
be posted the appropriate distance upstream of the alignment
change. On tangent sections of roadway, the shift generally
approximatestheform of areverse curve asthelaneismoved
laterally and then runs parallel to the original alignment. A
second reverse curve returnsthe laneto its normal alignment
beyond the activity area. In this case, a pair of reverse curve
(W1-4) signsare appropriate. A large arrow (W1-6) sign may
also be useful for traffic entering the shift, especialy at the
upstream end of the work zone.

When the shift islocated on a horizontal curve, the revised
alignment normally follows a simple curve rather than a
reverse curve, and use of the curve (W1-2) signisappropriate.

Where two or three lanes are open through the shift, the
double lane shift (W1-4b) or triple lane shift (W1-4c) signs
may be effective in conveying to drivers not only the align-
ment, but also the fact that all lanes continue through.

The advisory speed plaque (W13-1) may also be appro-
priate on the alignment signs at a lane shift. These signs are
discussed in Section 6F.45 of the MUTCD.
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1.3.1.4 LaneUse Sgns

When more than one lane is available through a shift, it is
usually desirableto discourage lane changes within the shift.
This can be done by posting aregulatory STAY IN LANE
(R4-9) sign in advance of the shift. To ensure maximum
effectiveness, this sign should be posted on both sides of the
roadway.

1.3.1.5 Taper Layout

Recommended shift taper lengths are provided in Table
6C-2 of the MUTCD, which is reproduced in Tech Note 1.
The recommended taper length of 0.5L is generally appro-
priate for night work, although longer tapers may be needed
if speedsarevery high and thereisahigh percentage of large
trucks. It is also important to provide adequate distance
between successive alignment changes. The MUTCD rec-
ommends 0.5L between successive shifts or between merge
and shift tapers. Thisrecommendation is generally adequate,
although somewhat shorter separations may be used if space
islimited within the work zone and the lateral shiftisonly a
few feet wide. Separations should be lengthened if drivers
appear to be experiencing difficulty with the maneuvers, such
as sudden braking or swerving.

For siteswhere drivers are failing to merge or are not stay-
ingin the proper lane, additional longitudinal buffer space may
have to be provided between the end of the taper and the begin-
ning of thelane shift. A discussion of longitudinal buffer space
and other requirementsisincluded in Section 1.2.3.

1.3.1.6 Channelization

The guidelinesfor channelizing lane and shoul der closures
are also applicable for lane shifts. Refer to Section 1.2.6 for
specific details. Lane shifts used for night work are typically
set up and removed on anightly basis, thus making it imprac-
tical to revise the pavement markings to follow the tempo-
rary lanealignment. Itis, therefore, essential to provide chan-
nelizing devices along both sides of the travel space through
the entire length of the shifted alignment.

When more than one lane must be carried through the shift
area to maintain capacity and the existing pavement mark-
ingsremainin place, it becomes necessary to provide devices
between the lanes to prevent lane encroachments through the
shift. Typically, narrower devices such as cones or tubular
markers are effective for this purpose. These devices must
begin before the start of the shift and be carried throughout
the entire shift area. Typically, these devices must be placed
from awork vehicle as a moving operation.

1.3.1.7 Shift Width

Thewidth of atemporary shift isdetermined on the basis
of the work activity, the available width to accommodate the

shift, and the need for lateral buffer adjacent to thework space.
The total width is usualy limited by the width of shoulder or
median onto which traffic is shifted. Splitting the available
width to provide reasonable lateral buffer spaces adjoining
the work space on one side and roadside hazards (such as
traffic barrier or opposing traffic) on the other side of the
realigned lane is often a reasonabl e approach.

1.3.1.8 Intrusion Protection

Refer to Section 1.2.4 for information on intrusion
protection.

1.3.2 Diversions

Diversions are similar to lane shifts, except the temporary
travel lanes are shifted beyond the original travel lanes and
shoulders. As long as the temporary travel path remains
within or immediately adjacent to the original roadway, the
traffic pattern is considered a diversion rather than a detour.
A diversion may take the form of atemporary roadway con-
structed adjacent to the original roadway. Another common
diversion is rerouting traffic onto a service road to permit
work to occur on the main line.

Although any number of diversiontypesmay beused totem-
porarily carry traffic around awork site, diversionsinvolved
in night work are typically set up and removed on a nightly
basis. All thelanes on the approach roadway may be diverted
when adequate width isavailablethrough the diversion. Other-
wise, one or more lanes will have to be closed first.

1.3.2.1 Sgning

Advance warning, lane use, and alignment signsfor diver-
sions should typically follow the same general guidelines as
for lane shifts. However, the addition of the ROAD CLOSED
(R11-2) sign is recommended on the original roadway. It
should be placed beyond the channelizing devices forming
thediversion, asshownin TA-7 of the MUTCD. Becausethe
alignment on diversions is typically more severe than the
shifts, the addition of large arrow (W1-6) signs or Chevron
(W1-8) signsmay al so be effectivein guiding driversthrough
the alignment.

1.3.2.2 Layout of Diversion

Ideally, the geometric layout of a diversion should accom-
modate traffic at the prevailing approach speed. The use of
standard shift taper lengths are suitable to accommodate traf-
fic at the speed used in the taper length calculation. However,
theresulting length of thetaper may become exceedingly long
when traffic is diverted completely off the roadway. There-
fore, it is more typical to design the diversion using stan-
dard highway curves, basing the radius on the design speed



selected. AASHTO's A Policy on the Geometric Design of
Highways and Streets provides design criteria (7).

Regardless of whether tapers or horizontal curves are
used, it isessential to provide separation between successive
movements. When the diversion follows a lane closure, the
diversion should begin a distance of at least 2L beyond the
end of the closure taper, with a shorter separation of at least
0.5L used only when space within the work zone is limited.

When long-term diversions are installed, it is often possi-
ble to adjust pavement cross slopes and provide pavement
banking to match the design speed of the diversion. Because
nighttime diversions are typicaly installed and removed
nightly, it is normally not possible to adjust cross slopes, at
least at the point where the temporary roadway leaves and
rejoins the existing roadway.

It is aso more likely that nighttime diversions will use
existing pavement, such as a service road, adjacent to the
normal roadway. To the extent that additional pavement is
constructed or resurfaced to accommodate nighttime diver-
sions, horizontal alignment and pavement cross slope should
be based on the anticipated operating speed.

1.3.2.3 Channelization

When traffic is diverted from its normal path, channeliza-
tion for a taper or horizontal curve should follow the same
guidelinesasthose provided in previous sectionsfor laneclo-
sures and shifts. Normally, this level of channelization is
needed on the side adjoining the existing roadway. It may
be possible to greatly reduce or even eliminate channelizing
deviceson thisside when traffic is completely separated from
the original roadway. On the far side of the roadway, it may
be acceptable to use reduced spacing or even no devices
throughout much, if not all, of the diversion.

The need for channelizing devices beyond the taper areais
based on the need for driver guidance rather than on the need
to provide a physical separation between the travel and work
spaces. When existing or temporary pavement markings pro-
vide a satisfactory level of delineation, channelizing devices
arenot needed, especialy if thealignment isnot severeand the
diversion is extensive in length. For short diversions, espe-
cialy if the alignment is curvilinear, devices along both sides
of thetemporary roadway provide very positive guidance. The
normal daytime spacing (in feet) of twice the speed (in mph)
normally provides excellent guidance, with areduced spacing
used for curves where a speed reduction is desirable.

When morethan onelaneis carried through the diversion,
itisusualy impractical to adjust the pavement markings on
anightly basis. The guidelines provided for lane delineation
through shifts are also important for diversions. Some type
of lane delineation is essential through diversions, especially
through the area where the traffic is transitioned from the
normal path to the temporary-lane position. For such situa-
tions, channelizing devicesto separate adjoining lanesis often
the only feasible solution.
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At the return to the existing roadway, the reduced device
spacing used at the departure taper should again be provided
to separate traffic from the closed roadway.

In addition to the devices used to form the diversion and
to provide guidance along its length, Type Il barricades
should be placed across the existing roadway downstream of
the taper area. The ROAD CLOSED (R11-2) sign should be
placed above the barricade nearest to the center of the closed
lanes. These devices should be arranged to preclude errant
driversfrom entering the work space, as discussed in Section
1.1.3. Onroadwayswith two-way traffic, these devices should
be provided at each end. Where sufficient longitudinal buffer
spaceisavailable beyond the diversion point, it isdesirable to
install these barricades well beyond the taper so drivers fol-
lowing the diversion are not distracted or misled by the barri-
cades and ROAD CLOSED sign. These protection devices
are unnecessary for drivers who are properly following the
diversion, and they will only add to the visual clutter at night.

1.3.2.4 Advisory Speed

To the extent possible, the diversion should be designed for
the prevailing approach speed. Because nighttime diversions
must frequently use avail able existing pavement, normal cross
sections often cannot be provided, and, in some cases, abrupt
changesin pavement elevation may be encountered where the
diverted lanes leave the normal roadway. In such cases, it is
essentid to provideinformation to driversintermsof advisory
speeds for the actual geometric conditions to be encountered.
This information should be posted as advisory speed plaques
(W13-1) on the roadway alignment signs (W1-1 through
W1-4) at the approach to the diversion. A portable or fixed
CMS may aso be used to provide thisinformation.

When possible, ball-bank measurements should be used to
determine the appropriate advisory speed prior to installing
the diversion. In many cases, it may not be possibleto obtain
ball-bank measurements, and, therefore, it is necessary to
base the advisory speed on experience or on calculations
using the actual geometry.

1.3.2.5 Roadside Design

I'n addition to the geometric design of the diversion and the
selection of the traffic control devicesto be used, considera-
tion should be given to roadside design of the diversion. This
consideration becomes especially important when speeds
through the diversion are high and the roadside does not pro-
vide good recovery area. When the diversion isto be used for
an extended period, the roadside design should be checked
following the guidance in the AASHTO Roadside Design
Guide. When adiversionisonly used for ashort period, espe-
cialy when it is changed on a nightly basis, addressing road-
side hazards using normal design approaches may beimprac-
tical or evenimpossible. Insuch cases, theuse of channelizing
devices to provide positive driver guidanceis essential.
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Regardless of the existing roadside features along the diver-
sion, it is important that the work activities do not impose
additional hazards. Storage of material's, equipment, and work
vehicles should not detract from roadside recovery space
through the diversion.

1.3.2.6 Intrusion Protection

Refer to Section 1.2.4 for information on intrusion
protection.

1.3.3 Diversion through Diamond Interchange

Another option should be considered when work is per-
formed within asimple diamond interchange. In such cases, it
may be possible to detour traffic onto the off-ramp, acrossthe
intersecting highway, and back on the on-ramp. This option
depends on having adequate capacity on the ramps and
through the intersection. The option may require arevision of
thetraffic control proceduresnormally used at theintersection.

1.3.4 Crossovers

Crossoversare aspecial form of diversion in which traffic
from the roadway where the work isto occur is diverted onto
the opposing roadway. Depending on the width and number
of travel lanes and available shoulder width, it is normally
necessary to close one or more lanes on each roadway prior
to the crossover. The decision of how many lanesto closein
each direction should be based on a comparison of the
expected traffic volumes through the night work period. An
example of a crossover on a divided highway is shown in
Figure TA-39 of the MUTCD, with crossovers on undivided
roadways shown in Figures TA-24, -31, and -32.

1.3.4.1 Sgning

Guidelines for signing of diversionsin the preceding sec-
tion are also generally applicable to crossovers. In addition,
two-way traffic (W6-3) signs and DO NOT PASS (R4-1)
signs should be posted near the start of the two-way traffic
section and repeated periodically for long sections. Finally,
keep right (R4-7) and DO NOT ENTER (R5-1) signs should
be posted at the end of the two-way traffic section. However,
these signs are not needed if positive traffic barriers are used
throughout the two-way traffic section to separate the oppos-
ing traffic.

1.3.4.2 Layout of Crossover

The genera layout of the crossover should follow the
same guidelines given for diversions. The guidelinesin Sec-
tion 1.2.1 should also be applied to selecting the location for
Crossovers.

On undivided highways, traffic is simply shifted across
the centerline or flush median. Such shifts can generaly be
located as needed to accommodate the planned work activity
and may be relocated from night to night. The length of the
diverted roadway section should be limited to only that
needed for the night’s activities.

On divided highways, temporary pavement must be pro-
vided at the median crossover point, and a preexisting median
barrier may require removal. Because these requirements
represent a significant construction effort and cost, crossover
points are normally limited to afixed location at each end of
the project. For long projects, consideration may be given to
adding one or more additional crossover points throughout
the project such that the length of the diverted roadway sec-
tion used on any night can be limited to that which is needed
for that night’s activity. Avoiding unnecessarily long cross-
overs minimizes traffic delays, reduces setup and takedown
time, and reduces accident risk, especialy if positive traffic
barriers are not used.

1.3.4.3 Channelization

The channelization guidelines for diversions (see Section
1.3.2) also apply to crossovers. Because installation of posi-
tive barriersisimpractical for nighttime operations, channel-
izing devices should be used to separate opposing traffic.
Also, if the distance is sufficiently short that motorists can
see the far end of the section, the motorists are less likely to
forget that there is opposing traffic, and channelization may
provide adequate separation. At a minimum, closely spaced
channelizing devices are needed to separate opposing traffic
between the two median crossovers. When used to separate
opposing traffic, device spacing must be used to avoid driv-
ers’ cutting between devices into the opposing lane. The
spacing guidelines provided for lane closures (see Section
1.2.6) may be applied in this case; however, afurther reduc-
tion in the spacing should be considered.

In addition to conventional channelizing devices, the
opposing-lane traffic divider is also appropriate for separat-
ing opposing traffic lanes in two-lane, two-way operations.
These devices, which are discussed in detail in Section 2.6.6,
are especially effective in alerting drivers to the presence of
two-way traffic wherethedriver does not expect to encounter
opposing vehicles. Both portable and fixed versions are avail -
able, with the portable ones especially suited to nighttime
operations requiring daily setup and removal.

Type Il barricades beyond the diversion point are desir-
able to prevent drivers from entering the work space if they
fail to follow the crossover. Guidelines for diversions (see
Section 1.3.2) are applicable for crossovers as well.

When more than one lane is diverted across the median,
the concern for lane demarcation must be addressed in the
same way as other diversions. The guidelines for diversions
should be applied in this case.



1.3.4.4 Traffic Barrier

Because crossovers for night work must typically be
installed and removed on anightly basis, the use of portable
traffic barriersis rarely feasible. The time and traffic expo-
sure necessary to complete the installation and removal usu-
ally outweigh any advantages associated with use of the
barrier, especially for portable concrete barriers. Methods to
protect workers from errant vehiclesthat may enter the work
space are discussed in Section 1.2.4.

Lightweight portable plastic barriers that have been
approved by FHWA for varioustest levels of NCHRP Report
350 are available (8). These barriers offer some advantage
compared with concrete barriers in terms of setup and take-
downtimeand effort. Use of these barriersfor night operations
may be feasible, especialy for short lengths of diverted road-
way sections where the amount of barrier needed issmall. The
primary concern for these lightweight barriersisthe relatively
large lateral barrier deflection upon impact. Even when filled
with water as ballast, deflections of several feet may occur,
depending on impact speed and angle. Any decision to use
these barriers must, therefore, consider the probable impact
conditions and the avail able width separating opposing traffic.

Moveable concrete barrier, which is shifted laterally by a
transporter machine, offers a potential solution for crossovers
that will be installed nightly at the same location for an
extended construction period. The high cost of thisbarrier and
transporter makeitsuseimpractical for brief construction peri-
ods. However, for longer periods, especially wheretraffic vol-
umes and speeds are high, the positive protection provided
against crossover accidentsinvolving opposing vehicles often
outweighs this cost.

In atypical application, the movable barrier is set up in
advance of the start of night operations on the median shoul-
der of the roadway that will carry both streams of traffic. To
start the setup of the nightly crossover, the median lane of
that roadway is first closed using a standard lane closure.
This closure should begin upstream of the start of the barrier,
providing an adequate buffer space. It is not necessary to
closethelanethroughout the entire crossover section, because
thelateral transfer of the barrier continuesto the downstream
end of the closure. When the barrier to separate the crossover
lane from the remaining lanes is in place, the lane closures
and diversion are set up in the other roadway and traffic is
diverted into the crossover. The resulting traffic pattern pro-
vides positive separation between the opposing traffic streams
with minimum exposure and delay associated with deploy-
ment of the barrier. At the end of the night shift, the procedure
issimply reversed to restore the highway to normal flow.

The only significant impact on traffic during nonwork
hours is the storage of the barrier on the median shoulder.
Typically, the transfer vehicle is stored at either end of the
barrier in the median and standard portable barriers can be
provided, if necessary, to protect against impacts by vehicles
that encroach into the median. When movable barriers are to
be stored near an active lane of traffic, consideration should
be given to protecting the blunt end of the barriers.
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1.3.4.5 Other Considerations

Guidelines for advisory speed, as well as roadside design
(see Section 1.3.2) for diversions, may also apply to cross-
overs. Those guidelines should be reviewed and applied to
Crossovers as necessary.

1.4 RAMP CONTROL

Night work on limited access highways often involvesthe
use of (1) road closures with detours; (2) lane and shoulder
closures; or (3) shifts, diversions, and crossovers. Each of
these basic approaches, especially when two or more are
used in combination, typically affect traffic flow on entrance
and exit rampsin the vicinity of the temporary traffic control
pattern. Several different situations involving ramps may
require consi deration—rampsthat must be temporarily closed
and ramps that are left open but must be reconfigured to
accommodate the temporary traffic pattern on the main line.
In addition, it may be desirable to close (1) entrance ramps
that are a short distance upstream from a full closure of the
main line or (2) ramps that add significant traffic volume to
the main line such that it is difficult to accommodate the
added volume through the temporary traffic control zone.

The MUTCD shows severa examples of temporary traf-
fic control involving both entrance and exit ramps—TA-40,
-41, -42, -43, and -44. Those examples, combined with
guidelines provided in earlier sections of thisreport, provide
the primary guidelinesfor ramp control. Additional guidance,
with consideration of nighttime operations, isprovidedinthe
following sections.

1.4.1 Decision to Leave Open or to Close

The decision to |eave ramps open or have a temporary
closureis based on several factors: available detours, effort
required to set up and remove detours, traffic demand on
ramp, configuration of main line temporary traffic pattern,
main line traffic volume, and nature of the work operation.
No single solution isbest for every situation, and asmall shift
in any one of these factors may indicate the need to use adif-
ferent ramp-control approach.

In urban areas where interchanges are closely spaced and
detour routes are available, the preferred choice is often to
close entrance and exit ramps that would otherwise require
the ramp traffic to cross through the work space. Guidelines
for closing ramps and establishing detours are provided in
Section 1.1.

When detour or aternate routeswith an acceptableincrease
in travel time and distance are not available to handle the
expected ramp traffic, it will be necessary to leave the ramp
open and to provide atemporary traffic pattern through the
work space to accommodate both the ramp traffic and the
work activity.
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1.4.2 Ramp Traffic Patterns

Figures TA40 through TA44 of the MUTCD provide sev-
eral examples of temporary traffic control involving ramps.
These examples and several other situationsinvolving ramps
require attention to a number of considerations.

1.4.2.1 Lane Open Adjacent to the Exit Ramp

When the work space occupies the median lane, leaving
a single lane adjacent to the exit ramp open, no additional
provisions aretypically needed for traffic to continue to use
the ramp. However, if storage space on the ramp is limited
to the degree that traffic backs up onto the main line, con-
flictsmay result. In such cases, consideration should begiven
to making adjustments at the downstream end of the ramp to
move traffic off the ramp more quickly. These adjustments
could involve re-timing the signal or, as alast resort, adding

aflagger.

1.4.2.2 Lane Open Adjacent
to the Entrance Ramp

The primary concern for when alane is open adjacent to
the entrance ramp is the availability of adequate gapsin the
open travel laneto permit the ramp traffic to merge smoothly.
When main line traffic is confined to fewer lanes, headways
decrease and fewer acceptable gapsare available. If adequate
room is available on the shoulder, it may be possible to
lengthen the acceleration lane to facilitate merging. Such a
change should beimplemented prior to the start of night work,
including adjustment of the pavement markings to provide
the added length needed.

1.4.2.3 Lane Closed Adjacent to the Exit Ramp

When the lane adjacent to the exit ramp is closed, theramp
traffic must pass through or around the work space. Example
traffic patterns are shown in TA-41 and TA-42 of the
MUTCD. In these situations, it is essential to clearly define
the travel path through the work space using highly visible
channelizing devices. Guidelines for device type and layout
are provided in Section 2.1. When the width of the shoulder
adjacent to the ramp is adequate, it may be possible to divert
the ramp traffic onto the shoulder upstream of the work space
and then carry thetraffic past the work space on the shoulder.
In other cases, especially when speeds through the work area
are low, it may be acceptable to eliminate the deceleration
lane and provide amore direct temporary route onto the ramp,
passing in front of the work space. Regardless of the config-
uration selected, the use of temporary signsto clearly identify
the location and path of the realigned ramp is essential. This
use is particularly necessary for night operations, since driv-
ers do not expect configurations such as more direct routes

onto a ramp and, therefore, require information that is ade-
guateto overcomethe effects of such an expectancy violation.

1.4.2.4 Lane Closed Adjacent
to the Entrance Ramp

The most difficult situation to handle often results when
entering traffic must be carried through or around the work
space to merge with main line traffic on the opposite side
of theroadway. If the shoulder provides adequate width and
is not occupied by the work activity, the preferred solution
is often to carry the entering traffic on the shoulder until itis
beyond the entire work space, or at least beyond the actual
activity. After the ramp traffic is beyond the work activity,
the ramp traffic can merge with traffic in the open lane.

If the lane closure extends some distance beyond the actual
activity area, it may be desirable to direct the ramp traffic
across the lane closed to through traffic to merge with the
open lane traffic. In this situation, an adequate acceleration
lane should be provided to facilitate merging.

When carrying ramp traffic past the activity area is not
possible, providing a path through the activity space is nec-
essary. Inthissituation, the temporary path for the ramp traf-
fic must be clearly defined using channelizing devices
according to the guidelines provided in Section 2.1. To the
extent that conditions allow, an acceleration lane should be
provided to facilitate merging. However, this provision is
often not feasible, and one of the other controls discussed
below may become necessary.

Depending on the type of work operation underway, it may
be necessary to adjust the entrance ramp layout as the work
progresses. The layout may start out with the entering traffic
proceeding along the shoulder to merge with the through
lanes beyond the work space. Then, as the work progresses
past the ramp, the temporary pattern is moved back to carry
the entering traffic across the work space upstream of the
activity area. In some cases, several adjustments may be nec-
essary over the course of the night.

1.4.2.5 Temporary Traffic Soppage

Even with the best possible layout of temporary ramps,
theremay be occasional brief periodswhereit becomesimpos-
sibleto accommodate the ramp traffic through the work space.
Typical situationsinclude paving or milling operations asthey
pass the actual terminus of a ramp or brief periods when a
temporary ramp alignment must berevised. Inthese situations,
it is sometimes necessary to briefly stop the ramp traffic until
the work operation moves ahead or the ramp alignment is
revised. The lower traffic volumes typically encountered at
night often make it possible to stop traffic for a few minutes
without producing long queues.

For entrance ramps, the stopped traffic can normally be
accommodated on the ramp as long as the delay does not
result in aqueue length longer than the ramp. For exit ramps,



space should be provided if possible to hold the queue with-
out interfering with the through traffic.

It is essential to follow the guidelines in Section 2.5 for
flagging operations when stopping traffic. If police patrols
are available at the project, they should be used to assist.

1.4.3 Control of Entering Traffic

When adequate acceleration lane length can be provided
for atemporary ramp alignment, the entering traffic can be
allowed to merge normally. However, because the entrance
ramp must often be carried through the work space, it isfre-
guently not feasible to provide an acceleration lane adequate
to permit safe merging. | n these situations, someform of con-
trol is essential so that entering traffic can wait until an
acceptable gap is available and then merge. The following
approaches are available.

1.4.3.1 Sop Control

When sight distance is limited on the ramp, traffic must
stop and wait for an acceptable gap before merging. Because
longer gaps are needed for a stopped vehicle to accelerate
and merge, stop control should be limited to those situations
where the MUTCD guidelines require use of stop control.

1.4.3.2 Yield Control

Because traffic is not required to stop if an acceptable gap
isavailable, yield control may reduce delays and queue for-
mation compared with stop control. However, yield control
can only be used safely when sight distance is adequate and
the other guidelines of the MUTCD are satisfied.

1.4.3.3 Flagger Control

When sight distance for the through lane entry isvery lim-
ited or when long delays may be encountered between accept-
able gaps, flagger control may be necessary. In such cases,
the flagger holds the entering traffic until a gap is available
and then directs the driver to proceed. The flagger can pro-
vide two advantages over stop and yield control. First, the
flagger provides much greater assurance that the driver waits
for asafe gap, evenif asubstantial delay isrequired. Second,
the flagger usually has better visibility and, thus, can more
readily identify safe gaps where sight distance is restricted
for entering drivers.

Flagging is a high-risk operation at any time, made even
worse by nighttime conditions. Even when temporary light-
ing is provided and other guidelines to enhance safety are
observed, flagging operations are best avoided at night when
alternate approaches can be used. Except where stop and yield
control cannot safely control entering traffic, flagger control
at entrance ramps should be avoided at night. Section 2.5 dis-
cusses night flagging operations.
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1.4.4 Ramp Metering

For facilities with existing ramp metering equipment, it
may be possible to adjust the ramp metering cycle to better
match the actual traffic conditionson the main line during the
work period. In caseswheretraffic flow is severely restricted
on the ramp, the metering equipment should be turned off
during the work period.

1.4.5 Channelizing Devices

Temporary ramp traffic patterns may become very con-
fusing for drivers at night. Therefore, the guidelines for the
selection and spacing of channelizing devices provided in
Sections 1.2 and 2.1 are essential to ensure that drivers can
follow the intended path, especially when the ramp traffic
must be carried through the work space. The use of closer
device spacings at the intersections of ramps and the through
lanes is particularly helpful to driversin distinguishing the
ramp path from the through lanes.

Ramps that must pass through the work space must fre-
quently be realigned during the course of the night. It is,
therefore, important to consider the ease of repositioning the
devices when the device selection is determined. Further-
more, sight distance for drivers entering the through lanes
may be affected by channelizing devices placed at the inter-
section of the entrance ramp and main line. To restrict sight
distance as little as possible, consideration must be given to
the height and overall size of the devices placed at thisloca
tion. Larger devices may be suitable at the temporary gore of
an exit ramp to make it easier for driversto identify the cor-
rect point to depart the main line. These large devices, how-
ever, may not be desirable at the throat of the entrance ramp,
where they restrict sight distance for entering traffic.

1.4.6 Signing for Temporary Ramps

Adequate signing is an essential element in the effective
operation of temporary entrance and exit ramps. The guide-
linesin Section 1.1 provideinformation with regard to signing
ramps that are closed, including detour signing for closed
ramps. General signing guidelines given in Section 2.2 apply
to al ramps. Clear signing for closed or relocated exit ramps
are essential so that drivers do not become confused and
encroach into the work space when attempting to use aramp.

1.4.6.1 Relocated Ramp Sgn

Whenever the exit ramp goreisrelocated, it isessential to
provide atemporary EXIT (E5-1) signin the relocated gore.
The temporary sign should be sized to meet the traffic con-
ditions at the site according to the guidelinesin Section 2.2.
Itisessential that the sign is positioned above the channeliz-
ing devices and any other potential obstructions so that it is
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clearly visible to approaching drivers. Figure 3 showsarelo-
cated exit gore at night with temporary lighting, closely
spaced drums, and arelocated gore sign.

1.4.6.2 Ramp Closed Sgns

When an exit ramp is closed, temporary guide signs and
advance warning signs placed upstream of theramp are essen-
tial to alert driversto the closure and to provide drivers with
information on the alternate or detour route. A regulatory
RAMP CLOSED (R11-2) sign should then be placed at the
normal or apparent exit ramp location to alert driversto the
closure. In addition, if an entrance ramp is closed, route
assemblies should be provided on intersecting roadways, as
well to assist drivers who must follow a detour to the
reopened roadway .

1.4.6.3 Sop and Yield Sgns

Temporary STOP (R1-1) and Y IELD (R1-2) signsthat may
be required at the end of entrance ramps may be unexpected
by drivers. It is essentia that these signs be appropriately
placed and sized to ensure that they are seen by drivers on the
ramp. Posting of signs on both sides of the ramp is recom-
mended to increase the certainty that they will be seen. How-
ever, care is necessary in locating the sign on the left such
that it does not act to reduce available sight distance. STOP
AHEAD (W3-1a) and YIELD AHEAD (W3-2a) signs pro-
vide added warning to drivers who do not normally encounter
signsat that |ocation. These signs should be added even when
sight distance to the STOP (R1-1) or YIELD (R1-2) signis
not limited. When added assurance is required, flashing
warning lights may be added to the advance warning signs.

1.4.6.4 Flagger Sgn

Whenever a flagger is used for ramp control, a flagger
(W20-7a) advance warning sign is essential.

Figure3. Relocated goresign.

1.4.6.5 Other Ramp Sgns

Temporary ramp alignments may introduce the need for
additional signs to alert drivers to the changed alignment.
The large arrow (W1-6) sign and other appropriate signs
should be provided to alert drivers to the alignment on tem-
porary ramps.

1.4.7 Changeable Message Signs

CMSs are especially adaptable to conveying information
on ramp closures and changes. They can be used to provide
advanceinformation on ramp closures and route alternates or
detours. They may also be useful on realigned entrance
ramps to inform drivers of temporary ramp controls such as
STOP (R1-1) signs, flaggers, or other controls that may not
be expected. Because messages can be quickly revised,
CMSsare especially useful when ramp patterns are changed
over the course of the night.

1.5 PEDESTRIAN PROTECTION
AND ACCOMMODATIONS

The MUTCD provides relatively little in the way of stan-
dardsfor pedestrian protection. The only statement in the doc-
ument that is related to pedestrians in night operations is a
reference to maintenance of adequate lighting of covered
walkways (Section 6D.01). However there is no operational
definition of “adequate.” The development of a TCP, which
requires the accommodation of pedestrians during night oper-
ations, should separate pedestrians from both traffic and con-
struction as much as possible. Whenever possible, pedestri-
ans should be rerouted using traffic-controlled intersections
onto aternative safe sidewalks away from any danger. When
pedestrians must be routed onto a new path, which exposes
them to vehicular conflicts on the traffic side and/or the dan-
ger and interference from construction on the other side, ade-
guate guidance and delineation of path and positive protection
from any potential hazard are essential. An assessment of the
visibility of any possible hazardsthat can be expected to exist
during the construction and maintenance period is essential to
maintaining a safe passageway for pedestrians.

Some accommodation for pedestrians in work zones is
necessary whenever pedestrians must travel through the
work zone or when the existing pathway will be either closed
or made more hazardous by thework activity. An assessment
of pedestrian safety in work zones should consider the level
of pedestrian activity, the duration of the project, and the
level of hazard that exists. Guidelines for pedestrian safety
that are applicable to both day and night work activity have
been provided in an ITE Journal article (9). This chapter
focuses on additional problems that occur when the need to
accommodate pedestrians extends overnight. Also, any con-
struction location that had accommodation for people with



disabilities prior to construction will haveto be given special
consideration (10).

The following sections give guidelines for the protection
of pedestrians.

1.5.1 Pedestrian Routing

Pedestrian routes should not be circuitous because such
routes may encourage pedestrians to take routes that do not
provide adequate protection. Pedestrians often look for the
shortest route, and the dangers along such aroute, which are
visible in daylight, may not be visible at night. Positive pro-
tection, such as fencing, should be used to protect pedestri-
ans from hazards that may be difficult to see at night or may
occur at unexpected times. Fencing can aso be used to
ensure that pedestrians follow the intended route and do not
initiate otherwise dangerous short cuts. Temporary pedestrian
paths should be clearly marked using signs and channelizing
devices (see Figure 4). Typical pedestrian accommodations
are shown in TA-28 and TA-29 of the MUTCD.

1.5.2 Pathways

Pathways should be at least 1.2 m (4 ft) wide, constructed
of astabilized nonskid material, and free of any obstructions
(9). Placement of temporary traffic control devices on side-
walks or temporary pedestrian paths should be avoided (see
Figure5).

1.5.3 Temporary Lighting

Proper lighting is essential for all walkways and bikeways
that are adjacent to open lanes of travel moving through or
adjacent to night construction. The ambient lighting condi-
tion should be evaluated with regard to all potential hazards.
Ambient lighting may be provided by an existing fixed light-
ing system on the roadway or extraneous off-roadway sources.
If it is expected that one or more hazards will not be fully vis-

Figure4. Clearly marked, temporary pedestrian paths.
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Figure5. Avoid placing devices on sidewalks
or temporary pedestrian paths.

ible, either atemporary lighting system should be installed or
adevice such as a steady-burn light should be used to mark
each hazard.

It should be kept in mind that factors such as dight changes
in level or roughness of the walking surface can induce trips
andfalls; therefore, surfaces must be lighted in such away that
shadows or light patterns do not conceal irregularities. Fur-
thermore, with regard to an assessment of the lighting, the
designer or inspector should be aware that pedestrians gener-
ally will belooking ahead whilewalking and not |ooking down
at their feet. This characteristic must be taken into considera
tion in evaluations and inspections. Also, temporary lighting
should be evaluated with regard to creation of glare. Lights
shining into the eyes of a pedestrian may produce disability
glare, which will make path or surface hazards lessvisible,

A minimum level of 10 lux is recommended for horizon-
tal illumination, with an average-to-minimum uniformity of
5to 1. The method for achieving this minimum illumination
should be specified in the lighting plan (see Section 3.4). As
with all work zonelighting, care must be taken to ensure that
this lighting does not produce significant glare for through
traffic or for pedestrians (see Section 3.2.4 and Tech Note 4).

1.5.4 Warning Lights

Retroreflectorized traffic control devicesare of little value
to pedestrians. Type C warning lights may be used to delin-
eate pedestrian pathways, and Type A warning lights may be
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used to mark isolated hazards if sufficient lighting has not
been provided. It isimportant that these warning devices not
create a distraction to motorists (11).

1.5.5 Pedestrian Signals

For signalized intersections in urban arterial work zones,
the most efficient way to accommodate pedestriansisto use
pedestrian push-buttons for crossings, particularly if pedes-
trian traffic is not expected to be high enough at night to
merit afull crossing cycle. When pedestrians are required to
crossaroadway at anywhere other than asignalized crossing,
then pedestrian signals, a flagger, or police may be required,
depending on traffic speed and volume (12).

Because pedestrians are far less visible at night, signal
cycles should not require walking speedsin excess of 1.22 m
(4 ft) per second. The potential use of signalsby older pedes-
trians or pedestrians with disabilities may require longer sig-
nal intervals based on walking speeds as ow as0.91 m (3 ft)
per second. (See Tech Note 5.)

1.5.6 Interactions with Work Vehicles

When work vehicles must crossthe pedestrian walkway, a
positive means of preventing the pedestrians from crossing

the work vehicle path must be used. If volume is extremely
light and the periods between vehicle crossings are long, it
may befeasibleto useflagger personnd to perform the pedes-
trian control task. However, if the crossings are expected to
occur frequently, aportable pedestrian crossing signal should
be considered (13).

1.5.7 Special Considerations
for Senior Pedestrians
and Pedestrians with Disabilities

Special attention to the needs of senior pedestrians and
pedestrians with disabilities becomes more critical at night,
when drivers are less likely to see these pedestrians.

Special attention and consideration for improvement include
the following (10):

» Assume lower walking speed criterion at signalized
intersections.

+ Provide refuge islands at wide intersections. (The defi-
nition of “wide” should be more conservative at night.)

+ Useflared curbs at intersections.

* Provide oversized signs and signals.

* Provide lighting.

» Reduce glare from any offensive source.
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DESIGN REQUIREMENTS FOR VARIOUS TRAFFIC CONTROL DEVICES

AND SAFETY FEATURES

2.1 CHANNELIZING AND GUIDING DEVICES

Sections 6F.55 through 6F.68 of the MUTCD provide
guidelines for the application of channelizing devices, pave-
ment markings, and other guidance devicesin temporary traf-
fic control zones. Those guidelines apply to all situations,
including night work. However, because of reduced visibility
and the increase in the number of impaired drivers, aswell as
the need to set up and remove most of the deviceson anightly
basis, night work zones present special considerationsin terms
of channelizing and guidance devices. Enhanced channeliza
tion and guidance is essential to protect workers and the pub-
licfrom intrusionsinto work spacesor other areas not intended
for travel. Devices that must be set up and removed nightly
should be selected, with consideration of ease of handling as
well asvisibility and other traffic control characteristics. The
limited space available in some activity areas may require
that the width of the channelizing devices selected be kept as
narrow as possible to provide adequate space for travel lanes
and the work space.

Previous research established that increasing the amount of
reflective material improved driver performance at night in
termsof speed reduction, detection distance, and lane-changing
behavior (14). Retroreflective devices must be inspected at
night under headlamp illumination. Devices that have lost
reflectivity may be satisfactory in daylight, but closetoinvis-
ible at night.

Detection distance is the most important measure of per-
formancefor devices used to mark isolated hazards. Detection
distance is also important for lane closures and other tran-
sition tapers, but advance signing, arrow panels, temporary
lighting, and other devices reduce the dependence on long
detection distances for drivers to properly negotiate a transi-
tion. Once into the taper, a driver needs to be able to follow
theintended alignment through the temporary traffic pattern,
but that task does not depend on long detection distance for
the channelizing devices.

The guidelines that follow discuss numerous characteris-
tics of channelizing devices, pavement markings, and other
guidance devicesto enhance effectivenessfor night work oper-
ations. State DOTsreport that the misuse and improper main-
tenance of traffic control devicesisacommon problem that
reduces the safety of night work.

2.1.1 Channelizing Device Types

Figure 6F-4 of the MUTCD provides the basic characteris-
tics of channelizing devices available for use on public high-
ways. Regardless of wherethey are used, channdlizing devices
must meet these basi ¢ requirements. In addition, the opposing
traffic lane divider may also be used for separating opposing
treffic flows. The following guidelines are provided to select
devicesfor night work. Indiscriminate mixing of devices may
create confusion, particularly at night, and should be avoided.
However, controlled mixing, such as alternating cones with
drums, does not seem to present a confusing situation and
may be an excellent way to discourage drivers from cutting
between devices while till keeping the quantity of large
devices to a manageable number. Controlled mixing can be
particularly helpful when very close spacing is needed.

2.1.1.1 Typelll Barricades

Type |11 barricades are the largest channelizing device
available (see Figure 6). Because of their greater sze—1.5m
by 1.25 m (5 ft high by 4 ft wide) minimum—portable Type
[l barricades offer the greatest target value and appear the
most imposing to drivers. However, they are much less con-
venient to handle than other devices, such as drums, vertica
panels, and cones. Type |11 barricades are typically used to
closeroadwayswhen all traffic is diverted or when only local
traffic or construction traffic is permitted to pass. Because of
their large and imposing appearance, the barricades minimize
therisk of driversintruding into the closed area and are, thus,
the preferred device for roadway closures (see Section 1.1.3).

Type Il barricades may be used to channelize lane clo-
sures and other temporary traffic patterns. Although their
large size provides excellent visibility and target value, they
require more time and effort to handle and deploy. Other
channelizing devices, such as drums and vertical panels,
appear to provide essentially equivalent performance, espe-
cially when they are closely spaced and used as part of a
well-designed TCP. Except when vehicle intrusions have
been a problem, the use of Type Il barricades in tapers and
longitudinal arrays may not be worth the added time and
effort for setup and removal on anightly basis. However, for
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Figure6. Typelll barricades.

setups left in place for extended periods and not deployed on
anightly basis, these devices should be considered if maxi-
mum protection against intrusions is essential .

Application of Type 1l barricades as midlane devicesin
closed lanesisagood way to reinforce that thelaneis closed.
A further advantage is that signs can be mounted above the
barricade as needed throughout a lane closure or other tem-
porary traffic pattern. See Section 1.2.6.3 for further discus-
sion of midlane devices.

Type Il barricades may be used as a portable support for
temporary signs. While the barricade addsto the target value
of the sign, these devices may be more difficult to move on
anightly basisthan other supports. Unlessthe barricadeitsel f
is needed as part of the TCP, its use solely as a sign support
or to enhance the target value of asign may not be worth the
added effort to handle the barricade on a nightly basis.

2.1.1.2 When to Avoid Using Type |11 Barricades

The greater height of Type 1l barricades compared with
other channelizing devices increases the risk of restricting
sight distance for drivers at intersections, ramps, and drive-
ways. The 1.5-m (5-ft) height of the barricadesis above driver
eye height for passenger cars. The use of Type Il barricades
should therefore be avoided whenever it would restrict the
sight distance needed.

2.1.1.3 Typel and Il Barricades

The smaller size and height of Type | and Il barricades
make these barricades more convenient to use when nightly
deployment is necessary. The size of the Type Il barricade
providestarget value equivalent to drums and vertical panels,
and thisbarricadeis an acceptabl e alternative to those devices
for tapers and longitudinal arrays. Type Il barricades provide
clear definition of travel lanes (see Figure 7). Because its
smaller size provides less target value, the Type | barrier is

Figure7. Typell barricades.

normally limited to low-speed local streets or pedestrian
applications.

Type | and |1 barricades may be used to form road clo-
sures. However, the larger size of the Type Il makes the
Type Il a much better choice for nighttime closures when
the risk and consequences of intrusionsis greater.

A wide variety of commercially available Type | and 1l
devices are available. An important criterion for night useis
ease of handling and deployment. If a Type Il barricade is
selected for longitudinal channelization where many devices
must be deployed, it is important that the device be light
enough to handle easily and that it can quickly be placed in
its proper position on the roadway.

2.1.1.4 Drums

Therelatively large size and imposing appearance of drums
make drums an excellent choice for longitudinal arrays
where many devices are required. Because they are light in
weight and can be stacked, drums are easy to handle and
deploy. Because of their large size, drums provide very clear
definition of the traffic space and discourage drivers from
intruding into the work space (see Figure 8). Most drums are
easily ballasted to guard against displacement by wind gusts
from traffic. Either drums or vertical panels are an excellent
choice for tapers and longitudinal arraysfor temporary traffic
patterns, especially where width is not restricted.

Because drums provide the same appearance from any
viewing angle, they are especially appropriate for channeliz-
ing at intersections, driveways, and other locations where
traffic approaches from various directions.

2.1.1.5 Vertical Panels

Vertical panels provide good visibility and are suitablefor
lane-closure tapers (see Figure 9). Vertical panels, especially
the 30-cm (12-in.)-wide version, provide similar advantages
todrumsfor night use. Although vertical panelsare narrower



Figure8. Drums.

than drumsare, their height isthe sameand the 30-cm (12-in.)
panelsinclude morerefl ective sheeting per sidethan thedrum
panels include. When used in closely spaced arrays, vertical
panels are thought to be equivalent to drums. Their relatively
compact size facilitates handling, and when eguipped with a
weighted base, they are easy to place on theroadway and are
stable under traffic-induced wind gusts.

Because vertical panelsare atwo-dimensional device, they
arelessappropriate than drumsfor use at intersections, drive-

Figure9. Vertical panels.
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ways, and other locations where they must be visible over a
wide range of approach angles.

2.1.1.6 Cones

Traffic cones aretypically used for longitudinal arraysthat
are deployed and removed on a daily basis (see Figure 10).
Because the refl ectorized portion of the cone providesamuch
smaller target at night, they are not asappropriatefor lane clo-
sures and similar traffic control setups at night as drums, ver-
tical panels, or Typell and I11 barricades. Although conesare
the fastest and easiest devices to set up and remove, that
advantage is outweighed at night, where the risk and conse-
guences of intrusions are greater. If cones are selected for
night work, use of thelarger 914-mm (36-in.) cones enhances
their target value and places the reflective material higher,
whereitismoredirectly inthedriver’sline of sight. Depend-
ing on their ease of setting and removal, 914-mm (36-in.)
cones may be used in tangent sections of lane closures and so
forth, but they should not be permitted in tapers where target
valueis more critical.

Because of their narrower width, cones sometimes provide
an advantage over drums and panels and may be applicable
invery narrow work zones or between opposing or adjoining
traffic lanes, where wider devices require too much space.
Alternating between drums or panels at intersections, ramps,
and other locations where the spacing of the channelizing
devicesisrevised to half the normal tangent spacing may be
appropriate. (See Tech Note 6.)

2.1.1.7 Tubular Markers

Tubular markers offer the least target value of any of the
devices available. Their narrow width makes them an appro-
priate candidate for very narrow situationsto separate traffic

Figure10. Closely spaced cones during the day.
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lanes or to mark the edge of pavement dropoffsor similar sit-
uations (see Figure 11). When used, a minimum 914-mm
(36-in.) height is necessary to place the reflective material
more directly in the driver's field of view. The most retro-
reflective material should also be used to offset the limitation
of the small target area. Because of their limited target value,
tubular markers should be used for night operations only
when larger devices cannot be accommodated because of
width limitations. (See Tech Note 7.)

2.1.1.8 Opposing Traffic Lane Dividers

In addition to conventional channelizing devices, the
opposing traffic lane divider is also appropriate for separat-
ing opposing traffic lanesin two-lane, two-way operations.
These devices, which are discussed in detail in Section 2.6.6,
are especially effective in alerting drivers to the presence of
two-way traffic where the driver does not expect to encounter
opposing vehicles. Both portable and fixed versions are avail-
able, with the portable ones especially suited to nighttime oper-
ations requiring daily setup and removal. (See Tech Note 8.)

2.1.2 Device Spacing

When used for longitudinal channelization at night, close
device spacing providesthe appearance of an orange and white
barrier and, thus, reduces the risk of drivers encroaching into
the work space or other closed areas, either intentionally or
accidentally. The MUTCD recommends a maximum spacing
in feet equal to the speed in miles per hour for tapers and
twice that distance in tangent sections.

Previous research on urban arterial work zones recom-
mended a spacing in feet equal to speed in miles per hour to
discourage encroachments (11). On the basis of experience
with night work, NY SDOT requires a spacing in feet equal
to the actual operating speed, both in tapers and in tangents,
but with a maximum spacing of 12-m (40-ft). At intersec-
tions, ramps, and other potential problem areas, this spacing
iscutin half. A maximum 12 m (40 ft) spacing, with reduced

Figure1l. Tubular markings.

spacing of 6 m (20 ft), facilitates setup by matching device
spacing to the normal lane line marking spacing.

When drums or 305-mm (12-in.)-wide vertical panels are
used in tapers, a 12-m (40-ft) spacing results in an apparent
lateral overlap of the devices as viewed from the approach
lane as long as the taper rate is based on a speed of 40 mph
or greater. The resulting visual effect of a continuous and
uniform array of retroreflectorized devices reduces the risk
of adriver attempting to drive into the closed lane. Past the
taper, where devices are viewed from the adjacent lane, the
12-m (40-ft) maximum spacing appears to present a nearly
impenetrablearray, especialy for thelarger devices. As speed
decreases, reducing the spacing tends to maintain a similar
apparent spacing asdrivers passthe devicesand, thus, reduces
therisk of slower traffic attempting to cut through the line of
devices.

2.1.3 Retroreflectivity

For effective visibility and detection, it is essential for all
channelizing devices to be equipped with retroreflective
materials at night. The MUTCD describes the required area
and pattern of reflectivity for all channelizing devices, and
those requirements have generally been accepted as provid-
ing good visibility. However, there are no accepted guide-
lines onthe level of brightness of the retroreflective sheeting
needed to provide acceptable performance.

Research has shown that brighter sheeting increases the
recognition and detection distance of channelizing devices
(15). However, considering initial cost and durability, the
brightest sheetings were not found to be most cost-effective.
When closely spaced, large devices are used to define the
travel lane through the work area, the added brightness of the
premium grades of reflective sheeting does not appear to offer
any advantage, provided the devices are kept in good condi-
tion. The smaller tubular devices, and perhaps cones, should
benefit most from better retroreflectivity. (See Tech Note 9.)

For individual or small groups of devices used to mark iso-
lated hazards, especially on dark roadwayswith high approach
speeds, increased target value provides more assurance that
driverswill recognize and avoid the hazard. I n such cases, con-
sideration should be given to the use of Typell or 111 sheeting
(16). However, for closely spaced devicesused to definetravel
lanes, there is no consensus that these premium materials pro-
vide any advantage over engineer-grade sheeting.

2.1.4 Device Condition

To provide good performance, channelizing devices must
remain in good physical condition such that they display the
intended shape and remainin position on theroadway. Equally
important, the devices must be clean and the reflective mate-
rial must be in good condition to ensure good visibility with
the intended shape under headlamp illumination. The Amer-



ican Traffic Safety Services Association (ATSSA) has pre-
pared condition guidelines, called “Quality Standards For
Work Zone Traffic Control Devices’ (17). These guidelines
illustrate suggested acceptable levels of condition, including
reflective sheeting on channelizing devices. Devicesused in
nighttime projects should be inspected on a regular basis.
Any devices that are dirty or damaged such that they are
noticeably less visible than devices in good condition under
actual field conditions should be replaced as soon as possi-
ble. Becauseinspection staff is present on the project at night,
regular night inspections can identify marginal devicesbefore
they become a problem. The ATSSA guidelines can be used
for daytime inspection to identify devicesthat may be candi-
dates for replacement. However, devices that appear satis-
factory during daylight may not have adequate visibility under
headlamp illumination at night.

2.1.5 Impact Performance and Ballast

The MUTCD requires that channelizing devices be con-
structed and ballasted to perform predictably when impacted
and to minimize risks to vehicle occupants and workers.

2.1.5.1 Impact Performance

NCHRP Report 350 provides nationally accepted criteria
for evaluating the safety performance of work zone devices,
including channelizing devices (8). Although few formal
evaluations have been performed, it isgenerally accepted that
small devices (including cones, tubular markers, and drums
without lights) present little risks when impacted. However,
some larger devices may present a risk if impacted, espe-
cialy if lights or signs are attached to the device.

FHWA recently issued rulemaking to identify acceptable
highway safety features that meet the NCHRP Report 350
recommendations, including work zonetraffic control devices.
FHWA guidelinesare availablefor ng the performance
of channelizing devices and other work zone traffic control
devices (18, 19). FHWA lists products that have been iden-
tified by FHWA as meeting these requirements and this list
isexpected to be updated on aregular basis (20). Other agen-
cies are also expected to compile lists of devices that have
been identified as meeting these requirements. A TexasDOT
memo (21) lists devices accepted by Texas DOT as compli-
ant with NCHRP Report 350 recommendations. In some cases,
it is expected that individual manufacturers or industry asso-
ciationswill certify compliance with the NCHRP Report 350
criteria.

To ensure safe impact performance, channelizing devices
should meet NCHRP Report 350 performance criteria. When
test data or manufacturer’s certification is not available, per-
formance should be assessed according to the guidelines in
FHWA HNG-14 (18, 19). Fortunately, for many channeliz-
ing devices, compliance with the NCHRP criteria can be
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inferred by comparison with similar devices that have been
tested, accepted by FHWA, or certified by a manufacturer.

2.1.5.2 Ballast

Ballast may be necessary to prevent channelizing devices
from being displaced by traffic-induced wind gusts. When
used, ballast must not create safety concernsif impacted. In
addition, it is desirable for ballast to remain intact for most
impacts to minimize cleanup and reduce risks from scattered
ballast on the roadway. Equally important, the ballast con-
figuration must facilitate handling for devices that must be
deployed nightly.

To reduce risks on impacts, it isessential that all ballast be
placed at ground level. Ballast more than afew inches above
ground is at greater risk of becoming a projectile or pene-
trating a windshield. Ballast containers may be broken and
scattered if snagged by vehicles passing over the device.
Limiting container height for sand and other loose ballast to
4 in. reduces the risk of snagging by passenger cars.

Suitable ballast may consist of bagged sand, integral bal-
last compartments for sand incorporated into the base of the
device, weighted ballast rings, weighted bases, and other con-
cepts. The best performance is achieved when the channeliz-
ing device separates cleanly from the ballast when impacted.
This clean separation permits the ballast to remain at the
impact point in most cases, minimizing the weight of the
device thrown by the impact.

2.1.5.3 Beware of Impacted Ballast

Any form of ballast placed on top of adrum or above the
pavement surface poses a risk of windshield penetration if
impacted. Nonstandard forms of ballast—such as pieces of
wood, chunks of pavement or concrete, or other such mate-
rial—attached to or placed on top of or inside channelizing
devices may be thrown on impact and pose a severe threat to
vehicle occupants, workers, and other traffic (22).

2.1.6 Warning Lights on Channelizing Devices

Both flashing and steady-burn warning lights may be used
toimprovethe detection and visibility of channelizing devices.
Section 6F.72 of the MUTCD provides specific requirements
for warning lights.

2.1.6.1 Flashing Lights

Flashing lights are generally considered to be effective for
attracting driver attention. When channelizing devices are
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used to mark isolated hazards or features, the addition of
flashing lights may improve the likelihood of being noticed
by drivers, and this effect may be greater at night when driv-
ersare drowsy or otherwise impaired. Increased driver atten-
tion at the start of tapersis especially important, and flashing
lights on the first two devices may help to ensure detection
by approaching drivers. Likewise, flashing lights should be
provided on barricades at road and ramp closures to improve
driver attention to the barricades.

Flashing lights are not to be used in longitudinal displays
because they provide to drivers a potentially confusing pat-
tern that may obscure the actual vehicle path.

2.1.6.2 Seady-Burn Lights

Steady-burn lights are intended to define the edge of the
travel path. Because the brightness and size of the light is
overpowered by large reflectorized channelizing devices, the
value of steady-burn lights to supplement large retroreflec-
torized channelizing devicesis questionable. Studiesin Ohio
concluded that these lights did not enhance driver perfor-
mance when attached to channelizing devices equipped with
high-intensity sheeting (23, 24). Considering thelarge device
size and close spacing recommended by these guidelines and
the experience of states such as New York and lowa, it is
doubtful that steady-burn lights on channelizing devices will
provide any value in night work zones (6).

In addition to the questionable value for visibility, earlier
research has shown that lights attached to channelizing devices
may break windshields when impacted and may increase the
risk of the channelizing device being thrown on impact rather
than pushed down by the impacting vehicle (22).

2.1.6.3 Light Attachment

When the decision is made to use lights on channelizing
devices, it is essentia that the attachment is sufficiently
strong to resist impact forces. Lights torn loose from a chan-
nelizing device present a greater risk of windshield breakage
or becoming a potentially lethal projectile. Batteries used to
power warning lights, especially the heavy-duty batteries used
with Type B lights, present arisk in terms of broken wind-
shields and passenger compartment intrusion and may pre-
sent arisk to workers if dislodged on impact. The preferred
mounting, especialy for heavy-duty batteries, is at ground
level to eliminate the risk of windshield contact and being
thrown into thework space. Thelightweight batteriesused in
Type A lights may be attached directly to the barricade or
channelizing device. However, it is essential for the attach-
ment to be secure to reduce the risk of becoming dislodged
on impact and to discourage theft by vandals.

2.1.7 Pavement Markings

Pavement markings are an essential part of work zone traf-
fic control devices, especialy at night, when drivers require
additional guidance to safely traverse temporary traffic pat-
ternsduring periods of reduced visibility when the driver may
be fatigued or otherwise impaired. Unfortunately, the short-
term nature of most nighttime operations makesit impossible
to deploy and remove temporary pavement markings on a
nightly basis.

2.1.7.1 Marking Applications

Temporary pavement markingsare very effectivein delin-
eating travel lanes at crossovers and diversions (see Figure
12); however, in lane closures and shifts that are set up and
removed on anightly basis, and for the portion of diversions
that are within the normal travel lanesit is normally impos-
sible to provide temporary pavement markings on a nightly
basis. In those situations, it is necessary to provide channel-
izing devices to mark the outer limits of the travel lanes and
to separate adjoining and opposing lanes.

Diversions and crossovers beyond the normal travel lanes
should be provided with standard pavement markings, includ-
ing lanelines, edgelines, and centerlineswheretwo-way traf-
fic is present. Likewise, night detours should be provided
with standard pavement marking if not already present onthe
detour route.

2.1.7.2 Marking Materials

A variety of pavement marking materials are suitable for
temporary use, and al of them are capable of providing excel-

Figure 12.

Temporary pavement markings.



lent night visibility when maintained in good condition. These
materialsincludetraffic paint, permanent and removabl etape,
durable striping materials (such as epoxy and thermoplastic),
and reflective pavement markers. Because they are easily
installed with minimal equipment, can be removed when no
longer needed, and provide excellent night visibility, tempo-
rary raised markers and removable marking tapes often pro-
vide excellent choices for short-term marking applications.

2.1.7.3 Marking Pattern

When pavement markings are installed in conjunction
with night work, marking patterns should meet the require-
ments of Section 6F.66 of the MUTCD. When it isnot prac-
tical to place and remove markings to coincide with nightly
traffic pattern changes, channelizing devices should be used
to define travel lanes, following the guidance in Section 2.1.

2.1.7.4 Marking Brightness

Temporary pavement marking materials are availablein a
variety of different brightness|evels, approximately 100-550
mecd/m?/Iux for white markings and 70-450 med/m?/Iux for
yellow markings. The materials are also available in a num-
ber of different thicknessesin the form of thermoplastic and
structured tapes. The advantage of the thicker applicationsis
the ability to maintain brightness during rain conditions and
ponding. Because the brighter and thicker marking materials
are more expensive, it is necessary to make judgments for
various parts of the work zone as to the criticality of more
clearly defining the driver path. That is, materias of lower
retroreflectivity might be considered for sections of thework
zonethat do not involve any substantial path changes, and the
brighter materials might be used for more critical sections.
However, if the work zone is in a geographic area where a
large proportion of older drivers are expected, brighter mark-
ings throughout the work zone may be beneficial. (See Tech
Note 10.)

2.1.7.5 Marking Removal

In addition to providing visible markings, removing con-
flicting markings may be necessary in some cases. Because
scars from marking removal are potentially misleading at
night, especially on wet pavement, care to reduce scarring is
essential. There are commercially available removable mask-
ing tapes that can completely obscure existing markings
without creating avisible scar. A range of colorsand textures
are available to match the road surface, which improves the
results. These removable masking tapes may beagood choice
for short-term traffic pattern changes because the origina
markings are easily restored with no damage to the marking
or pavement at the completion of the work. The relatively
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high cost of these materials, however, may limit their appli-
cation to small-quantity situations.

2.1.8 Delineation

In addition to channelizing devices and pavement mark-
ings, other delineation devices may be helpful in marking the
travel path through night work areas. The following are typ-
ical applications for delineation devices.

2.1.8.1 Concrete Barrier Delineation

Concrete barrier placed close to travel lanesis difficult to
seeat night, especialy during rainy conditions. Requiring the
barrier to be light colored, or painting it white, may enhance
night visibility somewhat, but does not eliminate the need for
delineation. Pavement edge lines placed at the base of the
barrier may help define the travel path. However, markings
frequently become covered with dirt or water and, thus, are
ineffective when needed most. When movable barrier is
shifted on a nightly basis, it may be impossible to provide a
laneline at the base of the barrier. Reflective markings, raised
pavement markers, or steady-burn warning lights placed near
the top or on top of temporary barrier enhance the visibility
of the barriers under adverse conditions and should be pro-
vided whenever the barrier is placed closer than a few feet
from the travel lane.

Although steady-burn lights are generally considered to be
effective for enhancing the visibility of the barriers, main-
taining the batteries in operable condition may be expensive
and difficult under high-volume traffic conditions. Panels
with reflective sheeting have been shown to be effective.
Another treatment that has been used is orange or white
reflective tape placed along the barrier (25).

For movable barriers, one must place the delineation sys-
tem and, if used, the glare screen on the barrier such that the
delineation system and glare screen do not interfere with the
transfer machine.

2.1.8.2 Post-Mounted Delineators

Although channdlizing devices are typically used to mark
the edge of travel lanes and to provide guidance (1) adjacent
towork spaces, (2) intapers, and (3) in other critical areas, they
may be unnecessary along the full length of temporary road-
wayss, such as diversions or detours. For such situations, post-
mounted delineators may be helpful to indicate the roadway
alignment, especially when that alignment is unfamiliar to
drivers. Section 3D of the MUTCD provides guidelines for
the use of delineators, with suggested spacings on curves in
Table 3D.1. On tangents, the MUTCD suggests spacings of
60-160 m (200530 ft). To obtain the maximum value from
dedlineators on unfamiliar temporary alignments, consideration
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should be given to placing delineators on tangents using the
closer spacings of 200 ft.

2.1.8.3 Object Markers

When fixed objects and other hazards are adjacent to tem-
porary roadways and when the edge of the roadway is not
provided with channelizing devices, object markers placed
according to the guidelines of Section 3C of the MUTCD
should be considered.

2.2 FIXED SIGNING

With regard to night work activity, thereislittle difference
among various guidelines for the design of warning, regula-
tory, or guide signing. Because drivers are not accustomed to
encountering construction activitiesat night and warning signs
are not expected, extra care is needed to ensure that warning
signs provide adequate nighttime visibility and legibility. An
increase in the advance warning distance is important, par-
ticularly for thefirst advance warning sign. When guide signs
are used to aert drivers to night operations and to provide
information on road and ramp closures, the sign messages
must be designed to ensure legibility at a distance that does
not compromise safety.

State DOTs report that the misuse and improper mainte-
nance of traffic control devices is a common problem that
reduces the safety of night work. Aswith warning signs, any
unneeded or inapplicable signs are distracting and mislead-
ing and must be completely covered or removed. Signs must
be kept clean and visiblewith good retroreflectivity, the same
as for channelizing devices, delineators, and other guiding
devices.

To provide adequate visibility of these signs, one must
(1) provide adequate sign size for the amount of message
content; (2) place the sign so that it receives sufficient illu-
mination from headlamp beam patterns or provide external
lighting; and (3) if retroreflective, replace signs that have
degraded beyond their servicelife.

2.2.1 Location

Because drivers are unaccustomed to encountering con-
struction activities at night, enhanced advance warning dis-
tances are important. Warning signs must be located to pro-
vide adequate visibility distanceto drivers. They must not be
blocked by foliage, roadway features, or other signs or traf-
fic control devices. Also, warning signs should not belocated
where glare from light sources behind the sign may reduce
visibility.

2.2.1.1 High-Speed Roads

A minimum of 0.8-1.6 km (0.5-1.0 mi) advance warn-
ing should be provided on roadways with operating speeds
of 80 km/h (50 mph) or higher, except as noted for exits and
entrances below.

2.2.1.2 Low-Speed Roads

Distances may be shortened to 450 m (1,500 ft) on road-
ways with speeds of 60 km/h (40 mph) or less.

2.2.1.3 Exitsand Entrances

Exiting and entering traffic should be considered when
locating advance warning signs. It is generally not desirable
to start a warning sign series upstream from a major exit or
intersection, except when it is desirable to divert traffic off
the route at that point.

2.2.2 Distance

Actual distance from awarning sign to the condition should
be close to the stated distance on the sign. However, position-
ing of the sign to enhance visibility and avoid conflicts with
other traffic control devices and roadway festures is more
important than precise agreement with the stated distance.

Standard distancesto be used on a series of warning signs
include 1,600 m, 800 m, 450 m, 300 m, and 150 m (1 mi,
0.5 mi, 1,500 ft, 1,000 ft, and 500 ft). Generally, three signs
are adequate for a series with the specific distances selected
tofit site conditions. Nonstandard distances—such as 240 m,
180 m, and 90 m (800 ft, 600 ft, and 300 ft)—should not be
used on signs unless it is imperative to provide precise dis-
tance information to drivers.

Where single advance warning signsare provided on ramps
or minor intersecting roads, the “ Ahead” wording rather than
a specific distance is preferred because this wording allows
drivers to more easily adapt to site conditions and reduces
sign inventory needs for the contractor.

2.2.3 Spacing

Both construction signs and permanent signs must be ade-
quately spaced to provide recognition and legibility. On high-
speed roadways, signs must be spaced at least 150 m (500 ft)
apart. This spacing may be reduced to 110 m (350 ft) on low-
speed roads. (See Tech Note 11.)

2.2.4 Placement

Reflectorized signs must be oriented away from drivers
(about —4 deg from perpendicular to the direction of traffic)



to reduce specular glare. Supports that result in tilted signs
are unacceptable. Also, the brightness of a retroreflective
sign becomes significantly reduced when it is more than
10 deg in any direction from perpendicular. The reader is
referred to the MUTCD Section 6F.03 and Tech Note 12 for
further information.

Sign placement must consider several factors, including
low-beam headlight patterns, blockage, and dirt accumula
tion. Signs that are on short-radius curves or are mounted
higher than necessary may be lessvisible at night because of
insufficient illumination. However, signs mounted too low
may be blocked by other vehicles and interfere with pedes-
triansin urban areas. For temporary post-mounted signs, the
MUTCD requires a minimum height of 5 ft (1.5 m) in rural
districts and 7 ft (2.1 m) in urban districts measured to the
bottom of the primary panel 4 ft (1.2 m) and measured to the
bottom of secondary panels 6 ft (1.8 m). Signs mounted on
portable supports may be aslow as 0.3 m (1 ft). Considering
these requirements and the considerations mentioned previ-
ously, thefollowing recommendations are suggested for sign
heights in nighttime work zones:

* Post-mounted signs should follow the MUTCD guide-
line of 5 ft (1.5 m) for primary panelsin rura districts
and 7 ft (2.1 m) for primary panelsin urban districts (4 ft
[1.2 m] and 6 ft [1.8 m] for secondary panels).

+ Signs on portable supports should normally be at least
5 ft high to enhance visibility and reduce blockage by
other vehicles.

+ Insomesituations, it may be desirableto |ocate portable
signs lower than 5 ft. For rigid sign panels, thislocation
may entail arisk of windshield penetration if impacted
(22). This practice should be alowed only for sign-
support combinations that have been shown to perform
acceptably through full-scale crash testing.

» Rollup sign panels generally do not present a risk of
windshield penetration and, thus, may be used safely at
heights below 5 ft. However, Section 2.2.8 should be
consulted for legibility concernsfor rollup sign panels.

When signs cannot belocated to be visible under headlight
illumination (i.e., they are mounted very high), artificial illu-
mination should be considered to enhance visibility and leg-
ibility, or the sign must be moved.

2.2.5 Sign Supports

Warning signs on one-way roads should be double-posted
on both sides of the roadway for all nighttime operations,
regardless of the number of lanes.

Sign supports used for night work must address the same
general concerns as for other work zone applications. The
supports used must place the sign whereit will be visible and
legible, the sign must be maintained in the proper position
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without displacement by wind and traffic, and the sign must
not present an undue hazard if impacted. In addition, signs
used at night must often beinstalled and removed on anightly
basis, so portability and ease of handling become important
criteria, aswell.

See Section 2.1.5for adiscussion of current requirementsfor
impact performance for work zone traffic control devicesand
references for devices meeting NCHRP Report 350 criteria.

Either fixed or portable supports may be used to mount
work zone signs. For devices that must be relocated fre-
quently, and especialy for signs that are located in closed
travel lanes or on the shoulder, portable supports offer a sub-
stantial advantage. For signs that will remain at one location
over an extended period, fixed supports offer better assurance
that the sign will remain in the proper position. Fixed sup-
ports should include featuresto facilitate covering or removal
of the sign panel when the temporary operation is not active.
Supports not folded flat present aroadside hazard, especially
if left on or near the shoulder; therefore, portable sign sup-
ports not in use should be either removed or folded flat and
placed beyond the shoulder (see Figure 13).

In addition to acceptable impact performance, good visi-
bility is adesirable feature for temporary sign supports used
at night, especially for supports located on or close to the

(b)
Figure 13. A hazardous roadside situation because
unused support is not folded flat and is left near shoulder

(a) and a safe roadside situation because unused support is
folded flat and placed beyond shoulder (b).



36

pavement or in other locations where they may be easily
impacted by errant vehicles or construction traffic. Simply
painting supports white improvesvisibility. Reflectivity may
be added where there are special concerns about the visibil-
ity of asign support.

2.2.6 Content

Messages on warning signs should identify specific con-
ditionsto the greatest extent possible. Appropriate messages
includelane and shoulder closure, alignment and intersection
signs, flagger and worker symbol signs, road or bridge
closed, detour, and other appropriate texts asdescribed in the
MUTCD.

General warning signs, such as ROAD WORK XX FT,
should be limited to the first sign in a countdown series.
ROAD WORK AHEAD may be used separately when amore
specific message is inappropriate or as the first sign in a
warning sign series on minor side roadswheredistanceinfor-
mation is not necessary.

Messages must be simple and concise so that drivers can
read the messages at prevailing operating speeds. Long or
involved messages cannot be rapidly read and may distract
drivers from other tasks. If it is necessary to provide mes-
sages of more than afew wordsin length, the messages must
be split between two or more signs placed at least 150 m
(500 ft) apart. Rules for split messages are given in Section
2.3.3. To ensure that drivers comprehend the total message,
no intervening signs should be placed between the two, and
the distance between the signs should not be extended such
that the connection between the two is lost.

2.2.6.1 Avoid Poor Legend Quality

Poor legend quality reduces legibility, especially at night.
Makeshift legends such as temporary overlays or hand-
painted legends should not be permitted.

2.2.6.2 Avoid Unnecessary Sgns

Unneeded or inapplicable signsare especially distracting to
drivers at night and must be completely covered or removed
(see Figure 14). Partialy visible signs distract drivers and
may divert attention away from traffic and other devicesthat
arecritical for driversto see. Sign covers must be opaque and
must completely cover the sign face.

2.2.7 Color

Thecolor of al signsshould be as specified by theMUTCD.
Fluorescent red-orange or fluorescent yellow-orange may be
substituted whenever the color orangeis specified. Theseflu-

Figure14. Covered sign.

orescent colors provide greater conspicuity than standard
orange does, especially during twilight (26).

2.2.8 Size

Larger sign sizes enhance sign legibility, especially at
night. The standard size for advance warning signsis 122 cm
(48 in.). Signs this size typically have a 15-20-cm (6-8-in.)
Series C or D letter, which provides between 60 m and 120 m
(200 ft and 400 ft) of legibility, depending on theletter height,
the series|etter, and the visual ability of the driver. Whenever
possible, Series D or even Series E letters should be used to
maximize legibility. Oversized signs (e.g., ROAD WORK
NEXT XX MILES) may beinstalled toincreaselegibility dis-
tance. If truck blockage is a problem, oversized signs may be
installed on overhead structures or duplicated on both the left
and right sides of the road. (See Tech Note 13.)

Sign sizesof 90 cm (36in.) and lessthat limit letter height
to 13 cm (5 in.) or less should not be used except on low-
speed, low-volume roads.

2.2.9 Retroreflectivity of Warning Signs

If not severely degraded, Type | material (also referred to
as engineering grade) provides sufficient sign detection and
recognition for standard 48-in. signsin all but very complex
visual backgrounds. However, because the servicelife of this
material is relatively short and high speeds and complex
areas may require greater retroreflectivity for conspicuity,
more reflective materials should be used. Considering ser-
vicelife and the need for greater conspicuity, ahigh-intensity
materia such as Typelll (also referred to microprismatic) or
a materia of greater retroreflectivity should be used for all
warning signs except when standard-size signs are used on



low-speed, low-volume roads. (See Tech Note 14.) The flu-
orescent material often used today will satisfy this require-
ment. Painted sign panels are not to be used, and flexible
panels (i.e., rollup signs) should be avoided if possible. (See
Tech Note 15.)

2.2.10 Conspicuity of Warning Signs

TypeB, flashing, high-intensity warning lights may be con-
sidered to enhance the visibility of isolated warning signs, or
of the first sign in a series of signs, for nighttime operations
where high-speed, free-flowing traffic raises concerns that
drivers will fail to notice the advance warning signs. The
lights are to be mounted above the sign panedl such that the
battery and lens do not obscure any part of the sign panel. If
remote batteries are used, they must be placed at ground level.

2.2.11 Maintenance

Warning signs must be kept clean and in good condition
to provide good legibility, as shown in “Quality Standards
for Work Zone Traffic Control Devices’ (17).

2.2.12 Retroreflectivity for Guide
and Regulatory Signs

FHWA isin the process of publishing recommendations
for minimum retroreflectivity for al traffic signs (27). Guide
and regulatory signs that satisfy these recommendations for
normal conditionswill be satisfactory under conditionswhere
speeds are reduced because of work activity. Until thesemin-
imum requirements are adopted, any recognized retroreflec-
tive material covered by ASTM specificationsis acceptable.
Because some materials wear more quickly than othersdo, a
visual inspection at night is necessary to ensure that signs
have adequate legibility and conspicuity. A drive-through
inspection will reveal whether signshave at least 6 s of expo-
sure time and, under high-speed, high-volume conditions,
150 m (500 ft) of legibility. (See Tech Note 16.)

2.3 CHANGEABLE MESSAGE SIGNS

Highway CMSs are traffic control devices that can be
used for warning, regulation, path control, and traffic man-
agement (see Figure 15). CM Ss improve the flow of traffic
by providing real-time, highway-related information. How-
ever, because the legibility of fixed signing is generally
superior to all types of CM Ss, the use of CM Ssfor nighttime
construction and maintenance operations, as in daylight,
should be limited to information that cannot be practically
provided by fixed signing. Among CM S technologies, fiber-
optic designs have been found to provide greater legibility
than other technologies. Flip-disk designs should not be
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Figure15. Changeable message signs communicating
night work schedule.

used on high-speed roads at night (28). Because the char-
acteristics of new technologies are constantly changing, this
section offers guidelines in choosing among competing
technologies.

Aswith other traffic control devices, CM Ssrequire greater
visihility at night because night construction is generally
unexpected and, thus, requires longer legibility distance and
because sign legibility is reduced, which requires larger let-
ter heights to maintain legibility. The reduction in legibility
at night suggests the importance of minimizing the length
and complexity of CM S messages so that the demand for leg-
ibility distanceis not as great.

The guidelines in this section for CM Ss summarize the
purpose and message content of CM Ssinwaork zones, aswell
as design considerations for maximum nighttime conspicu-
ity and legibility. With regard to purpose, aCM S may not be
acost-effective method for supplying information that can be
conveyed by fixed signing. A CMS may not be justified if its
sole purpose is an advance warning of construction activity
ahead. Similarly, warning commuter traffic of impending
lane closures and construction a week ahead of time can be
accomplished by fixed signing, as well. However, a CMS
might be the most cost-effective means of notifying traffic of
road detours or lane closures when the hours of operation are
not consi stent from night to night or when thelocation changes
from week to week.

The visibility of CMSsis determined by the design of the
matrix elements, the design of message components, and the
sign luminance and luminance contrast of message and back-
ground. Although the cost and available supply of CM Ssmay
limit flexibility in choosing the CM S design for any specific
situation, some CMS designs are clearly inappropriate for
high-speed, heavy-traffic situations.

Itisvery important to understand that message content and
visibility interact in two ways. First, the more content there
isin amessage, themoretimeit takesto read and processthe
information. Thisextratimetranslatesinto additional needed
visibility distance and, therefore, alarger signwith larger let-
ters. Second, signs designed to enable the display of long
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messages are less likely to provide large letter heights and
adequate visibility.

The principles for the selection of CM S and the design of
messages are contained in the following sections.

2.3.1 Credibility of CMSs

The information presented on a CM S will only be effec-
tiveif drivers have confidence that the information is accu-
rate, is current, and appliesto them. Unlike with fixed sign-
ing, drivers expect the information on a CM S to be current.
Therefore, the operation of a CM S requires proper planning
to ensure that the correct message is displayed at the correct
time.

2.3.1.1 Avoid Inaccurate or Untimely Information

It isbetter to display less or no information than to display
information that may not be timely or accurate. When no
message is required, the CM S should be turned off. Turning
the sign face away from traffic minimizes driver distraction.
Channelizing devices alert drivers to the CMS trailer at the
shoulder edge (see Figure 16). Also, it is imperative that
trained personnel be available to operate and monitor the
system; otherwise, the CM S should be shut down.

2.3.1.2. Avoid Trivial Information
Display a message only when it provides potentially use-

ful information. Do not use aCMSto tell drivers something
they aready know, such as DRIVE SAFELY.

2.3.2 Message Content

Because of reduced visihility at night, it is most important
that messages be short and clearly understood. Long or con-
fusing messages require more time to read or comprehend

Figure16. Properly shut down changeable message sign.

and, therefore, requirelarger letter sizeto providetherequired
visibility distance.

2.3.2.1 Advisory Sgn Message Elements

Advisory messages may consist of two or, at most (for rea-
sonscitedin Section 2.3.6), three of thefollowing components:

* Problem statement (e.g., accident, maintenance, or road
work),

 Effect statement (e.g., delay, lane closure, or detour),

« Attention statement (e.g., group being addressed),

+ Action statement (e.g., exit, moveleft or prepareto stop),
and

+ Location statement (e.g., distance ahead, exit number,
or shoulder or lane).

The following example shows a possible advisory sign.

Example A:

LANE CLOSURE
STADIUM TRAFFIC

EXIT 25th STREET

2.3.2.2 Advance Sign Message Elements

Advance signing messages used in conjunction with advi-
sory displayswill consist of two or, at most, three of the fol-
lowing elements (not necessarily in the order shown):

* Information alert,

» Nature of information (e.g., best route or traffic con-
ditions),

+ Destination for which the information applies, and

» Location of the information (e.g., ahead or specific
distance).

The following example shows a possible advance sign
message used in conjunction with advisory displays.

Example B:

STADIUM ROUTE
INFORMATION

1000 FEET




2.3.3 Message Format

“Message format” refers to both the order of information
unitsand the chunking of information unitson each line of text.

2.3.3.1 Order of Units of Information

Although the order of units may vary, not every order is
acceptable. For example, the following order would beinap-
propriate for the Example B sign:

STADIUM ROUTE
1000 FEET
INFORMATION

2.3.3.2 Chunking of Information Units

The physical characteristics of the sign may determine
how the information units may or may not be chunked. A
sign that presents only a single line (e.g., as may be neces-
sary in atunnel) must have al of the units of information
contained on one line. A sign that is too narrow to display
many charactersin width may haveto present aword on each
line. Generally, the display of a unit of information per line,
as shown in Examples A and B (or, at most, two units per
line), is considered ideal for reading. When traffic volume
and speeds are low, any format may provide sufficient time
for reading. (See Tech Note 17.)

2.3.3.3 Avoid Run-On Format

The run-on format (also called “moving” or “continuous’
message display) displays messages asatrain of words mov-
ing continuously across adisplay from right to left. Thistype
of display should not be used for drivers traveling at high
freeway speeds.

2.3.3.4 lit Messages

Incident management and point diversion situations fre-
quently require more information than drivers can process or
that can fit on asign. Driverscan read and recall an eight-word
message better if it is broken up into two displays of two to
four words each. A message can be displayed by sequencing
message chunks on asign or displaying chunks of information
acrosstwo signs. When chunking information, theinformation
must be split into compatible units of information (e.g., BEST
ROUTE TO STADIUM and INFORMATION 1000 FT).
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2.3.4 Redundancy

Useful redundancy can be achieved by the repetition of
key words or the use of coded information.

2.3.4.1 Repetition

If space permits, key words can be repeated in both seg-
ments of asplit message (e.g., BEST ROUTE TO STADIUM
and STADIUM INFORMATION 1000 FT).

2.3.4.2 Coded Information

Trailblazer logos and interstate shields have redundancy in
that their components of color or shape may communicate
most of the same information presented in text. Although not
essential, using a CMS that provides graphic capability that
can display these shapes and symbols could be advantageous.

2.3.4.3 Avoid Unnecessary Words

Some words that are often used may be understood from
the context and, therefore, may be unnecessary. Examplesare
wordslike“avenue,” “boulevard,” and “ street.” Also, “acci-
dent ahead” and “accident” mean the same thing, as drivers
do not expect to be notified about any other accidents than
the ones ahead. Removal of unnecessary words reduces read-
ing time and may allow for larger, more visible letters.

2.3.5 Exposure Time

Exposure time is the length of time the sign is legible to
thedriver. The exposuretime will depend on the legibility of
theletter (including letter height) and the speed of travel. L et-
ter legibility determines where the sign first becomes read-
able and exposure begins, and speed determines when the
exposure ends. It is necessary that exposure time be greater
than the time required to read a sign. For older drivers, it is
recommended that an unobstructed sign have sufficient
exposure time to be read twice (29). It is aso recommended
that exposure time be long enough to permit the driver to
make any decision about what action to take.

2.3.6 Minimum Required Legibility Distance
(MRLD)

Thelonger or more complex the message, the moretime it
takesto read and understand and the longer the exposuretime
required. The exposure time required must be translated into
adistance (based on approach speed) before sign design and
placement parameters can be established. Whereas exposure
timeisameasure of supply (i.e., how muchtimeisavailable
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to read a sign), MRLD is a measure of demand (i.e., how
much distance drivers require to read a sign). MRLD is
affected by driver work load, message load, message length,
message familiarity, decision complexity, and display for-
mat. The way each of these factors affects MRLD is dis-
cussed in Tech Note 18.

Asageneral rule, one should assume areading timeof 2 s
for one or two words, 3 sfor three or four words, 4 sfor five
to seven words, and 5 sfor eight to ten words, when drivers
are familiar with the words or place names displayed. When
driversarenot likely to be familiar with the words displayed,
allow 1 sfor each short word (four to eight characters) or 2 s
per unit of information, whichever islonger. The sign shown
in Example B would require 4 s(six words) for familiar driv-
ersand 8 s (four units of information) for unfamiliar drivers.

On two-sequence displays of four words or two units of
information each, messages may be displayed at rates as fast
as 0.5 s per word, as long as the rate permits two cycles of
viewing per driver. Onlonger messages, slower rates, aspre-
viously suggested, should be used.

2.3.7 Visibility and Flashing

The variety of technologies being used to build CM Ss has
resulted in signsthat provide arange of sizes, fonts, message
capability, photometrics, and cost. Factorsthat affect thevis-
ibility of CMSs can be grouped into character components,
message components, and photometric variables.

In general, conspicuity is not a problem for any CMS,
although traffic blockage may result in failure to notice a
device. The attention value of a roadside CMS may be
increased by slowly flashing (two cycles per phase) a single
piece of information, such as CAUTION or WORK AHEAD.
Other elements of information should not be flashed, as flash-
ing decreases legibility (29).

2.3.8 Character Components

Character componentsinclude both element variables and
character variables. Element variablesinclude the shape, size,
number, and spacing of the individual elementsthat make up
the characters on a CMS. Character variables include the
height, width, and font of the alphanumeric characters. (See
Tech Note 19.)

2.3.8.1 Font

Although the shape of the elements (i.e., pixels) that make
up a character do not seem to matter, alphanumeric charac-
ters that approximate the Standard Highway Gothic font are
most desirable, and any nonserif font using at least a5 by 7
matrix (as shown in the acceptabl e exampl e below) is accept-
able. Any attempt to double stroke a font using a5 by 7
matrix (as shown in the unacceptabl e exampl e bel ow) should

be avoided. The legibility of the unacceptable font is very
poor and is not appropriate on highways.

Acceptable:

Unacceptable:

2.3.8.2 Letter Height

A letter height of at least 45 cm (18 in.) is necessary on
high-speed roads. This height should provide an exposure
time between 6 and 10 s for drivers traveling at 105 km/h
(65 mph), depending on the driver’ svisual ability. Onlower-
speed roads, aletter height of 30.5cm (10in.) should provide
asimilar amount of exposure time. (See Tech Note 20.)

2.3.8.3 Height-to-Width Ratio

To optimize legibility, the width of a letter should be
between 70 and 100 percent of its height.

2.3.8.4 Sroke-Width-to-Height Ratio

With positive contrast | etters (i.e., light letters against adark
background), the ratio of stroke width to letter height should
be between 0.10 and 0.18, with 0.13 being optimal. Negative
contrast signs(i.e., dark letters against alight background) may
use wider stroke width, but are not recommended for night
construction (see discussion of contrast orientation below).

2.3.8.5 Matrix Sze and Lower Case
Any matrix that is5 by 7 or greater will optimize the legi-

bility of capital letters. Lower caseletters cannot be presented
with a5 by 7 font. Because place names have greater recog-



nition when shown in lower case, amatrix larger than 5 by 7
would be preferable when place names are to be displayed.

2.3.9 Message Components

Message components represent sign characteristics that
affect the legibility of the sign copy (i.e., actua symbols or
text) without regard to the internal characteristics of the char-
acters. Message variablesinclude the spacing between the | et-
ters, words, and lines of text. Copy and the border are message
variables that do not directly affect legibility. Both of these
variables can affect conspicuity, and copy may affect famil-
iarity and, therefore, the distance at which the messageisread.

2.3.9.1 Interletter Spacing

Providing adequate spacing is a cost-effective way of
improving legibility and maximizing the exposure time of
the CMS message. The spacing between letters should be
125 percent of the standard spacing of the highway font, as
shown below.

This much spacing will provide about 10-percent greater
legibility than standard highway spacing will provide. Spac-
ing asnarrow as aletter stroke width, as shown below, should
be avoided.

2.3.9.2 Interword Spacing

The spacing between words should be equal to the letter
height, as shown in both examples below.

L Y
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2.3.9.3 Interline Spacing

The spacing between lines may be aslittle as 20 percent of
theletter height if only two lines of text are displayed. If three
lines of text are displayed, interline spacing should be
increased up to 75 percent of letter height, as shown in the
first example in Section 2.3.9.2.

2.3.10 Photometric Variables

The critical photometric variables that describe CMSs are
color, luminance, contrast of |etters against the background,
and direction of contrast (i.e., dark letters on a light back-
ground or light letters on a dark background). Contrast and
contrast orientation primarily affect legibility, whereaslumi-
nance primarily affects conspicuity.

2.3.10.1 Contrast Orientation

CMSsthat provide positive contrast (i.e., bright legend on
dark background) are recommended for night construction
work zones because they provide about 20 percent more leg-
ibility than negative-contrast CMSs do. CM Ss that provide
for only dark letters against a bright background should be
avoided for night construction.

2.3.10.2 Contrast

The contrast of legend to background should be no less
than 5 and no greater than 50. (See Tech Note 21.)

2.3.10.3 Luminance

At night, the luminance of text on apositive-contrast CMS
should be maintained between 30 and 150 cd/m?.

2.3.10.4 Color

The color of the elements that make up a CMS message
does not affect legibility if luminance and contrast are main-
tained. Color codingisusedin highway signing and may affect
conspicuity. Therefore, there may be some advantage for
CMSs that use a yellow or orange text against an unlighted
dark background.

2.4 ARROW PANELS

Traditionally, an arrow panel has been thought of as a
highly conspicuous sign with amatrix of lightsthat are capa-
ble of flashing or sequential displays of arrows or chevrons
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intended to provide warning and directional information to
assist in controlling traffic through or around a temporary
traffic control zone. The 2000 edition of the MUTCD refers
to arrow displayswith amatrix of eementsinstead of amatrix
of lights. Theintent isto broaden the definitionto include new
technologies and to recognize that even a CM S can simulate
an arrow display. Aswith all advance warning signs, the use
of anarrow panel ismost important at night, when moredriv-
ersareless dert. On high-speed roads, using an arrow panel
is essential.

Diesel-powered arrow panels represent a clear example of
a high-target-value traffic control device capable of getting
attention under the most demanding circumstances of visual
noise, aswell asadverse sun and traffic conditions. Although
the use of solar panels has lowered the target value of these
devices by virtue of reduced brightness, it is safe to assume
that under night work conditions almost any arrow panel will
have high target value. Arrow displays on CMSs are not as
effective because of their reduced brightness. Therefore, these
guidelines recommend the use of arrow panels only.

The guidelines for the design and deployment of arrow
panels are discussed in the following sections.

2.4.1 Location Lane Closure on Roads
with Multiple Through Lanes

The arrow panel should be located to maximize the dis-
tance at which it is recognized. For stationary lane closures,
thearrow panel should be placed on the shoulder at the begin-
ning of the taper (see Figure 17) or, if there is insufficient
space on the shoulder, in the closed lane behind the channel -
izing devicesbut as close to the beginning of thetaper aspos-
sible. (See Tech Note 22.)

Figure17. Preferred arrow panel location on the
shoulder at the start of the taper.

2.4.1.1 Restricted Sght Distance

If hills, curves, or other obstructions reduce the available
recognition distance, the sight distance should be increased
by moving the taper upstream and extending thelane closure.
If the panel must be moved upstream, it should be located on
the shoulder, not the roadway. If there is no space on the
shoulder at that point, the taper should be brought upstream
aswell and the lane closure extended. (See Tech Note 23.)

A minimum sight distance of 460 m (1,500 ft) is essential
for high-speed roads and 300 m (1,000 ft) for low-speed roads.
These minimum requirements are based on studies of DSD.
Wherever possible, it isrecommended that greater sight dis-
tances be provided. (See Tech Note 24.)

2.4.1.2 Multiple-Lane Closures

If arrow panels are used when multiple lanes are closed in
tandem, the additional arrow panels should be located in the
closed lane at the start of the next merge taper, as shown in
TA-37 of the MUTCD.

2.4.1.3 Avoid Work on Shoulder
or Two-Lane Roads

An arrow panel in the arrow mode should never be used on
two-lane highways because the panels can cause unwanted
lane changing and result in confusion and collisions, even
when flaggersare present. Advance warning signsand CM Ss
may be used to warn of roadside work without the danger of
unnecessary lane changing. Although acaution modeisavail-
able for this purpose, it is best not to use arrow panels for
shoulder or roadside work activitieswhen thereisno need for
a lane change. This guideline is even more critica at night
when many visual cuesare missing, thelocation of the shoul -
der may not be visible, and driver uncertainty is increased.
(See Tech Note 25.)

2.4.2 Mode

The arrow panel mode refers to the type of display used
for alane closure (including the flashing arrow, sequential
chevron, or moving stem or head) or for caution (including
the horizontal bar or four-corner display).

2.4.2.1 Left- or Right-Lane Closure

The flashing arrow is recommended, and the sequential
arrow or chevron isleast preferred. (See Tech Note 26.)



2.4.2.2 When to Avoid Caution Display

Although not recommended for shoulder work at night,
the four-corner mode is recommended whenever a caution
display is needed, except when there is extreme curvature
and the arrow panel must be viewed at an angle. In these sit-
uations, the visibility of the four-corner display will be lim-
ited and other signing or warning lights should be in opera-
tion. The bar mode should be avoided, as it may suggest a
lane closure. (See Tech Note 27.)

2.4.3 Visual Performance

The guidelines for maintaining visual performance are
intended to meet the following goals:

» Toensurethat thearrow panel islegible at the distances
required by the MUTCD when viewed on axiswith suf-
ficient sight distance,

+ Toensurethat the arrow panel is recognized at the min-
imum required sight distance when viewed off axis, and

+ Toreducenighttimeintensity levelsto avoid discomfort
and other disabling effects of glare on driver vision.

2.4.3.1 High-Speed, High-Volume
Sationary Projects

A Type C arrow panel should be used with lamps bright
enough for recognition at 1,600 m (5,280 ft or 1 mi) when
viewed on axis. When viewed on acurve (off axis), thearrow
panel should be recognized at a minimum of 460 m (1,500 ft).
(See Tech Note 24.)

2.4.3.2 Intermediate Speed Roads

A TypeB or larger arrow panel should be used with lamps
bright enough for recognition at 1,200 m (3,960 ft or 0.75 mi)
when viewed on axis. When viewed on a curve (off axis), the
arrow panel should be recognizable at a minimum of 300 m
(1,000 ft). (See Tech Note 24.)

2.4.3.3 Low-Speed Urban Streets

A Type A arrow panel should be recognized at 800 m
(2,640 ft or 0.5 mi) when viewed on axis.

2.4.4 Size

The MUTCD indicates that Type A panels, which should
be recognized at 0.80 km (0.5 mi), are suitable for low-speed
urban streets; Type B panels, which should be recognized at
1.2 km (0.75 mi), are suitable for intermediate-speed road-
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ways and mobile operations on high-speed roadways; and
Type C panels, which should be recognized at 1 mi, are
intended for high-speed, high-volume projects.

Type C panels should be preferred at night, whether for
fixed operations or on a vehicle, especialy on freeways or
other high-speed, high-volume roads. Again, the enhanced
visibility of thelarger size helpsto compensate for the added
risks of night work. However, given the greater conspicuity
of these devices at night and the more stringent requirements
for advance notice, warning, and channelization described
for night use elsewhere in this document, Type B arrow pan-
els may be used on lower-speed roads or when a Type C
panel cannot be accommodated on avehicle.

2.4.5 Photometrics

While some arrow panelsdo not have sufficient brightness
to meet these visual performance requirements during day-
light, most arrow panels will have adequate brightness at
night, particularly when viewed on axis. The performance of
some arrow panels off axis is margina at night. If such an
arrow panel must be used, extreme care must betakeninaim-
ing the device.

2.4.5.1 Minimum Brightness

For use on high-speed roads after dark, lamps should mea-
sureat least 150 candela (cd) onaxisand 30 cd at +13 deg hori-
zontal and +3 deg vertical viewing angles. The corresponding
valueson low-speed roads are 90 cd on axisand 18 cd off axis.
Highway agency specifications for higher-intensity levels
should be followed if they exist. (See Tech Note 28.)

2.4.5.2 Maximum Brightness

Disability glare reduces the likelihood that objects will be
seen, and discomfort glare isannoying and may result in driv-
ers not looking at the area where the arrow panel is placed.
Because of transient adaptation effects, disability glare may
persist past the location of the arrow pane if the area beyond
the arrow panel is unlit. Because of the mounting height of
arrow panels, glare may be a more significant problem for
truck drivers. To reduce disability and discomfort glare at
night, luminous intensity should be reduced to a maximum of
5,500 cd per panel or 550 cd per lamp for arrow displays and
370 cd for chevron displays. This limit may represent no
reduction at all for many solar lamps and more than a
50-percent reduction for diesel lamps. (See Tech Note 28.)

2.4.5.3 Dimming

The electronic controls should keep the intensity of the
lamps at the nighttime requirement levels whenever the
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ambient light isat or below 215 lux. If the controls provided
allow for continuous adjustment of lamp output with respect
toambient light level, then thelamp intensity may belinearly
increased from the nighttime levels at 215 lux to the daytime
levels at 35,000 lux. If continuous adjustment is not pro-
vided, then the electronic controls should keep the lamp
intensity at the daytime requirement levels whenever the
ambient light level is greater than 215 lux.

If asolar arrow panel isto be used, it is essential that the
solar panel be exposed to the sun during daylight or that the
batteries be recharged using a generator. The lamp, voltage
and visibility checks listed below are essential to be certain
that the arrow panel is functioning properly.

2.4.6 Maintenance
2.4.6.1 Lamp Checks

Thefollowingisalist of checksthat ought to be completed
for each lamp. If alamp fails any one of these tests, it should
be considered “not functioning.” (See Tech Note 29.)

« Lampsmust meet any agency certification requirements
that may exist.

+ Each lamp must be the same as every other lamp on the
panel.

» Eachlamp must be functional and must not appear weak
compared with the other lamps on the arrow panel.

* Thelensof the lamp must not have any obscuring mate-
rial on its face or condensation inside its housing. Any
dirt should be removed.

» Thelamp should be seated properly inits socket. Usethe
indications on the lamp, such as the manufacturer name
or eventheword“ TOP,” to determine proper orientation.

To be acceptable, arrow panels to be used in the flashing
arrow mode ought to have no more than one lamp “not func-
tioning” in the stem and all lamps functioning in the head. In
the chevron mode, not more than onelamp may be “ not func-
tioning” in any chevron segment. In caution mode, a mini-
mum of four lamps ought to be functioning properly. If the
arrow panel contains more “not functioning” lamps than
allowed, then steps must be taken to correct the “not func-
tioning” lamps (17).

2.4.6.2 Voltage Checks

An arrow panel operates at a minimum of two different
voltages: a daytime voltage and a nighttime voltage. These
voltages are determined by thetype of lamp used inthe arrow
panel. The particular voltage levels a lamp requires to pro-
duce the required intensity can be found either in the certifi-
cation of the lamp or in the lamp manufacturer’s literature.
The voltage of interest is not the supply voltage of the bat-

teries, but the voltage that is actually delivered to the lamps.
If the required voltage is not known, perform the visibility
verification discussed below.

If the arrow panel makes no direct provision for measur-
ing voltage, such as a separate voltmeter, then a handheld
voltmeter should be used. The meter should be capable of
measuring pulse-width modulated signals. A location that is
easily accessible should be chosen, such as at the terminals
of alamp or at the location where thelamp power cables con-
nect to the controller. After the voltage requirements have
been determined, the following checks should be made:

* The nighttime dimming control should be operational.
When the ambient illumination falls below the specified
level, the arrow panel should operate at the nighttime
voltage level. Visual testing can be used to verify that
the lamps are dimmed when the photocell is covered,
which should put the arrow panel into nighttime mode.

» The measured voltage at the nighttime setting should be
within the range specified for the type of lampsused in
the arrow pandl. If the arrow panel makes no provisions
for directly testing the nighttime voltage, covering the
photocell should put the arrow panel in its nighttime
mode, and the voltage level can be measuredin the same
way as the daytime voltage.

CAUTION: If the arrow panel does not meet the minimum
requirements for brightness when placed in the nighttime
mode, the unit should be replaced or the nighttime setting
should be bypassed. If bypassing the nighttime setting results
in the maximum requirement being exceeded, the panel
should be aimed away from traffic to reduce glare. If the
arrow panel were active over a 24-h period, the panel would
have to be re-aimed to provide adequate visibility during
daylight. Units that cannot meet the criteria should be
replaced with units that will. (See Section 2.4.4 and Tech
Note 30.)

2.4.7 Aiming and Setup of Arrow Panel

Equally important to having a properly maintained arrow
pandl isits placement and aiming. The arrow panel should be
aimed toward the traffic it is attempting to inform of the lane
closure. The goal isto make certain that the maximum light
intensity is directed toward the oncoming traffic. This goal
becomes especidly critical intheareas of both horizontal and
vertical curves. When placing an arrow panel, one should
striveto direct theaiming of the arrow panel at apoint at least
asfar away asthe DSD (see Table 2) prior to the lane closure.
Aiming should be done using the aiming device on the panel
support structure. If the arrow panel does not have an aiming
device, an inexpensive small-caliber rifle scope may be used
for this purpose. Once properly setup, the orientation of the



TABLE 2 Recommended decision sight distance
and stopping sight distance

Traffic Speed DSD (feet) SSD (feet)
> 45 mph 1500 600
<45 mph 1000 300

DSD = decision sight distance
SSD = stopping sight distance

arrow panel support structure should be marked so that routine
maintenance checks can verify the arrow panel placement.

2.4.8 Visibility Verification

Visibility verification needsto be donein thefield and must
represent the same conditions with which the driver will see
the arrow panel. Two methods are offered: (1) a method that
requires only a subjective visibility rating and (2) a method
that estimates light intensity using a relatively inexpensive
luminance meter. Of primary concern is the angle at which
the arrow panel isviewed and its effect on visibility.

2.4.8.1 SQubjective Evaluation

After the arrow panel operation has been verified, a sub-
jective evaluation drive should be conducted to verify that
the arrow panel display is visible throughout the visibility
distance of the site. The visibility distance is the distance
interval between the arrow panel and the observer in which
the arrow panel display should be clearly recognized. The
upper end of the interval is the required DSD for the road
speed condition, while the lower end is the minimum SSD,
based on the road speed condition.

This procedure will determine whether an arrow panel has
been properly set up and aimed. The procedure will also ver-
ify that the arrow panel has sufficient beam width for place-
ment and geometry in which it isused. In choosing the time
of day to perform this evaluation, field personnel should be
aware that sun conditions affect visibility. Therefore, it is
essential that the inspection take place after dark when the
nighttime voltage has been set.

The procedure for a drive-through inspection is smple.
The inspector approaches the arrow panel from a distance
that istwicetherequired DSD for the site and travels toward
the arrow panel until the direction of the displayed arrow or
chevronisclearly visible. If the arrow panel display does not
become clearly visible at adistance that exceedsthe required
DSD, thenthe arrow panel failsthe drive-through inspection.
If the panel display isclearly visible at the required DSD, the
inspector should continue to drive toward the panel, making
certain that the panel display remainsclearly visible until the
minimum SSD is reached. The recommended DSD and SSD
are shown in Table 2.
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The most difficult part of the drive-through inspection is
knowing when a panel is clearly visible. A rating scale may
be used to help with this evaluation. (See Tech Note 31.)

There are two reasons why the panel display may not be
clearly visible at the DSD. First, the arrow panel itself may
not be visible because there is no line of sight to the panel.
The absence of aline of sight may be caused by the presence
of trees, buildings, or other obstructions and the existence of
horizontal curvature. Refer to Section 2.4.1.1 for discussion
of restricted sight distance.

If thereis an adequate line of sight but the direction of the
arrow panel display mode is not clearly visible, then either
the beam width is inadequate or the panel was not properly
aimed or set up. If the particular site is not typical for some
reason, such as extreme geometry, the arrow panel should be
aimed to optimize its visibility range and the drive-through
inspection should be repeated.

If, after aiming, the arrow panel display is still not clearly
visible throughout the required distance interval from DSD to
SSD, then either the lane closure should be moved upstream
or, if anarrow beam panel is being used, a panel with higher
intensity or beam width should be sought.

The drive-through inspection should be repeated each
night. If ever the panel fails thisinspection, the panel should
be checked to determine the cause of the visibility loss. Indi-
vidual lamps should be examined to determine whether lamp
burnout has occurred. The panel should be checked for recent
damage or the batteries recharged, if required. If al of the
lamps appear to be operational and there is no apparent rea-
son for thelossin visibility, the panel should be replaced and
returned to the yard for a check of its voltage levels, charg-
ing system, and, possibly, lamp replacement.

2.4.8.2 Photometric Evaluation

A photometric measure provides a more objective test of
the arrow panel brightness. A procedure is available to esti-
mate the intensity of the arrow panel display using an inex-
pensive luminance meter. This procedure enables one to
estimate the intensity from any observer position and may,
therefore, be used to verify that the arrow panel has adequate
angularity measured in termsof intensity aimed at the farthest
sight distance to maximize conspicuity. (See Tech Note 32.)

2.5 FLAGGING OPERATIONS

The use of flaggers at night should be avoided whenever
possible. However, flagging operations may be necessary to
supplement other traffic control procedures at night. Flagger
operations are inherently more dangerous during darkness
and must be conducted with extreme careif they areto be safe
for drivers and flaggers. Flagging is discussed in Section 6E,
“Fagger Control,” of the MUTCD. Additional guidelinesfor
safe nighttime flagging operations are presented here.
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Training is discussed in Sections 2.8.3, 2.8.4, and 2.8.5.
Thediscussion includes general information on flagger train-
ing. Note, however, that because of the increased danger of
night flagging operation, task-specific flagger training isrec-
ommended. Such training should furthermore be conducted
off-site under simulated conditions, and the operation should
be carefully monitored during thefirst few hours of operation
for each flagger crew. Finally, a debriefing should be done
after the initial shifts of each crew to identify any problems
that may be occurring. Following the debriefings, all identi-
fied problems should be discussed with al crews and any
necessary procedural changes should beimplemented as soon
as possible.

A nighttime flagging operation is shown in NWTA-6 in
Appendix A.

2.5.1 Use of Flaggers

Because of lower visibility and reduced driver performance
typically encountered in nighttime operations, the use of flag-
gersat night should be limited only to those situations where
other methods cannot provide adequate traffic control. Situ-
ationswhere flaggers may be needed include alternating one-
way flow, truck and equipment entrances and exits, and inter-
section control. These situations are discussed below.
Flaggers may also be needed for stop and yield situations on
ramps, as discussed in Section 1.4.3.

2.5.1.1 Alternating One-Way Flow

Sections 6C.10 through 6C.15 of the MUTCD provide for
one-lane, two-way traffic control. The methods described are
flagger control, flag transfer, pilot car, temporary traffic sig-
nal, and stop or yield control. Because roads where night
operations are normally conducted tend to have relatively
high volumes, temporary traffic signals and stop and yield
control are normally not appropriate for night work. The
guidelines and considerations for choosing among the flagger
control, flag transfer, and pilot car are given in the MUTCD
and are not any different for night operations.

2.5.1.2 Truck Equipment at Entrances and Exits

Flaggers may be necessary to assist haul trucks and other
equipment in entering and exiting the work zone. Flaggers
may also be necessary at entrancesto thework space or at road
closure points to prevent inadvertent or deliberate intrusions
by the public. In extreme cases, uniformed guards or police
officersmay berequired in lieu of flaggers at closure pointsto
prevent deliberate intrusions. See Sections 2.5.5 and 3.5.

2.5.1.3 Intersection Control

When work must occur within an intersection, especially
for very brief periods, it may be impractical to set up tempo-
rary traffic patterns through the i ntersection using channeliz-
ing devices. In such instances, flaggers may be effective in
controlling traffic through the intersection. When available,
police officers may be used to assist or replace flaggers at
intersections, especially if traffic volumes are high. Because
several streams of traffic must be accommodated simultane-
ously, flagging operations at intersections areinherently more
difficult. It istherefore essential to use a sufficient number of
flaggersto (1) provide positive control for each of the traffic
approaches and (2) ensure positive coordination between
flaggers.

When existing traffic signals are present in an intersection,
it is preferable for the flagging operation to coordinate with
the signal operation whenever possible. When that is not pos-
sible, it isnecessary to deactivate the signal, either by turning
it off or turning it to a flashing caution mode. Regardless of
the signal mode selection, it isessential that the signal and the
flaggers do not present conflicting commands to approaching
drivers, since this would result in uncertainty as to which
command to obey. This requirement is especially critical at
night, when visibility isreduced and drivers may belessalert.

2.5.1.4 Temporary Traffic Soppage

Work operations may require temporary traffic stoppage
to adjust the traffic pattern, move equipment, or perform crit-
ical operations such as setting structural steel. In these situa-
tions, flaggers and perhaps police are necessary to stop and
hold traffic until the operation is completed. The assistance
of police vehicles or work vehicles is normally needed to
affect theinitial stoppage or road closure (see Section 3.3.5).

2.5.1.5 Flaggersas Sotters

When work operations occur immediately adjacent to open
travel lanes without positive traffic barriers, and especially
when thelateral buffer spaceisnarrow, flaggers may be placed
immediately upstream of the work crew. Spotters can pro-
vide an advance warning in the event of vehicles intruding
into the work space or other erratic or threatening vehicles
approaching the work space. The spotter can aso provide a
warning if workers unintentionally step out of the protected
work space. In addition, flaggers can direct traffic to shift
away from the work space as it passes the work crew. This
function is especialy important when lateral clearance past
thework spaceislimited. Flaggers used as spotters should be
provided with a handheld audible alarm so that awarning can
be provided to the work crew if necessary. To be effective, the
alarm device must bereadily availableto theflagger for instant
use if needed. Small aerosol-powered devices can be clipped



to the flagger’'s belt or to the staff of the stop-dow paddie to
make the devicesimmediately availablein an emergency.

2.5.1.6 Speed Control

Experience has shown that flaggers can produce small speed
reductions by drivers, especially when specific flagging tech-
niques are used. When used as spotters at restricted work sites,
or where operations such as concrete curing require speed con-
trol, flaggers may be used to dlicit the speed reduction. Thesig-
naling procedures in the MUTCD include a signal to slow.
Other potentially useful methods used by flaggers to control
speed have not been evaluated widely enough to be included
as a guideline, nor have they been evaluated at night. (See
Tech Note 33.)

2.5.2 Illumination, Visibility,
and Temporary Lighting

The reduced visibility inherent at nighttime work sites
makesflagging riskier for both flaggersand drivers. It isthere-
fore essential to make both the flagging station and the flag-
ger asvisible as possible at night.

Except for very short-term or emergency operations, it is
highly desirable to provide temporary illumination at night-
time flagging operations. Guidelines for temporary lighting
are provided in Section 2.9.

The objective of lighting flagger stations is to make the
flagger stand out from the surroundings. In unlighted areas,
a portable luminaire at the flagger station accomplishes this
objective. When permanent roadway lighting or temporary
work site lighting is present, an additional temporary lumi-
naire at the flagger station helpsto makethe flagger stand out
from the surroundings. To be effective, it is essential for the
flagger to be illuminated from above rather than from the
front or rear. This position reduces glare both for approach-
ing drivers and for the flagger.

For short-term or emergency operationswhen atemporary
luminaire cannot be provided, the flagger station should be
positioned, to the extent possible, to take advantage of exist-
ing or work site luminaires.

2.5.3 Location of Flagger Sites

Section 6E.05 of the MUTCD provides guidelines for the
location of flagger stations and the position of flaggers at the
flagger station. Reduced visibility and impaired driver per-
formance at night makeit essential to consider the following
guidelines.

2.5.3.1 Location of Flagger Sation

The flagger station must be selected to provide good
advance sight distance. At aminimum, DSD should be avail-
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able upstream from any queue that may develop when traffic
isstopped. The flagger station should also be selected to pro-
vide adequate buffer space prior to thework space. See Table
6E-1 of the MUTCD for suggested speed-related lengths.

In addition to sight distance and buffer space, the flagger
station should be selected to isol ate the flagger from the work
operation, other workers, and equipment. Thisisolation helps
drivers to more easily detect the flagger as they approach.
Equally important, the isolation makes it easier for the flag-
ger to see approaching traffic and to avoid any vehicles that
fail to stop or that swerve toward the flagger.

2.5.3.2 Flagger Position

The MUTCD recommends that flaggers stand on the shoul-
der or closed lane adjacent to the open lane as the traffic
approaches, moving into the open lane only after traffic has
stopped and only if necessary to be seen by other traffic. Espe-
cially at night, itiscritically important that aflagger isnot posi-
tioned in the path of an approaching vehicle or between two
traffic streams, so that the flagger has the best possible chance
to avoid the vehicle. In the event that an impaired driver fails
to respond or driftsout of the lane, the flagger hasthe best pos-
sible chance to avoid the vehicle. Under no circumstances
should a flagger be positioned where the escape path is
blocked by parked vehicles, equipment, or other features.

2.5.4 Flagger Equipment, Procedures,
and Apparel

Guidelinesfor equipment, procedures, and apparel are pro-
vided in Chapter 6E of theMUTCD. Thefollowing guidance
is provided to enhance nighttime flagging operations.

2.5.4.1 Equipment

The stop-slow paddleisthe standard hand signaling device
and should be used for all flagging operations except emer-
gencies. Signal flags may be used for emergencies until pad-
dles can be obtained. Both paddies and flags used at night
must be reflectorized and meet all of the requirements of the
MUTCD. (See Tech Note 34.)

An improved paddle incorporating flashing lights in the
handle or face of the sign has been shown to improve driver
response and is now approved for use. This device may offer
advantages in situations where drivers are not expecting to
encounter aflagger, especialy if the traffic volumes are low
and approach speed is relatively high. However, this device
is relatively new and has not gained extensive field experi-
ence. (See Tech Note 35.)

Another supplement to the conventional stop-slow paddieis
a reusable temporary stop bar combined with an oversized
paddle. This device is useful in helping drivers decide when
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and whereto stop relativeto theflagger location. However, the
device has not yet been widedly evaluated. (See Tech Note 36.)

2.5.4.2 Flagger Procedures

Standard signaling procedures are providedinthe MUTCD.
To ensure that drivers understand the signals, it is essential
that flaggers for night operations are adequately trained and
supervised to consistently display the proper signals. Flagger
training must also includethe special considerationsfor night
work. Proper coordination of flaggers for aternating one-
way flow and intersections must be arranged prior to the start
of the operation and be fully understood by all flaggers and
supervisors. Flaggers must also understand and consistently
adhereto proceduresintermsof flagger position. Finally, site-
specific procedures are needed to assist flaggersin determin-
ing when to stop an approaching vehicle.

2.5.4.3 Flagger Apparel

The MUTCD provides a range of choices for flagger
apparel. At night, reflective markings on the flagger vest or
outer garment are essential to make the flagger asvisible as
possible to approaching traffic. Brightly colored garmentsin
fluorescent colors, with reflective stripes, enhance the visi-
bility of workers at night (30).

Tothe extent practical, flagger apparel should be ashighly
visible as possible, and consideration may be given to pro-
viding special apparel such as brightly colored garments and
coverals. Sufficient area of retroreflective markings must be
applied to the vest or outer garment to enhance visibility.
Although no specific guidelines for total area or pattern are
available, it isessential for the flagger to be clearly visible at
adistance of 305 m (1,000 ft) under headlight illumination.
The pattern of reflective striping must be visible under the
entire range of body motions.

Although there is no clear-cut consensus that any particu-
lar color isinherently superior in terms of worker or flagger
visibility, it is generaly accepted that a uniform, distinctive
appearancefor flaggersisdesirable. At aminimum, good qual-
ity vestsin one of the bright colors described in the MUTCD
are to be worn by all flaggers. Strong yellow-green (SY G)
vestswith horizontal and vertical orangeretroreflective stripes
worn over white overalls may offer the best protection for
day and night use when seen against varying colors of back-
ground and equipment. (See Tech Note 37.)

Didtinctive apparel that uniquely identifies the flagger
from other workersis of added advantage at night. To ensure
good visibility, vests must fit properly and cover the entire
upper torso of the flagger. Vests must be kept closed in the
front and back and must be clean and in good condition. Full
jacketsand trousersin bright colors and equipped with reflec-
tive striping may further enhance flagger visibility. However,

avest worn over any special shirt or jacket may still be desir-
able, in that it can uniquely identify the wearer as a flagger.

Further, union work rules and job assignment considera-
tionsmay makeit difficult to provide special apparel for flag-
gers. Regardless of the design, colors, and so forth, flagger
apparel must, at aminimum, meet all requirements of therel-
evant regulatory agency, including those of MUTCD, the
Occupational Safety and Health Administration (OSHA), and
the highway agency.

2.5.4.4 Advance Warning Sgns

In addition to other advance warning signs, the flagger
warning sign must be displayed in advance of flagger stations
whenever the flagger is present. The various signing config-
urations that include the flagger warning sign are shown in
TA-10, -13, and -14 of the MUTCD. To maintain driver
respect for thissign, however, it should be removed when the
flagger isnot present. Thisremoval isrecommended even for
brief interruptions of more than a few minutes. A supple-
mentary distance plague providing distance to the flagger
may also be provided, as shown in TA-10 of the MUTCD.
This provision is especialy important if there is restricted
sight distance on the approach to the flagger. However, if at
all possible, the flagger station should be moved to improve
visibility rather than relying on a supplemental distance
plague.

To avoid clutter and potential confusion, signsin advance
of flagger operations should be coordinated with other signs
on the project. For example, the ROAD WORK signinthese
figures should be eliminated if advance warning signs were
provided earlier. Additional guidelines for advance signing
are provided in Section 2.2.

In addition to the advance flagger sign, a BE PREPARED
TO STOP warning sign may be displayed, especially on
expressways and other locations where drivers do not expect
to stop.

A high-level warning device (i.e., flag tree) may also be
helpful in attracting driver attention if displayed in a flood-
lighted area. If used, this device must be far enough ahead
that it does not restrict visibility of the flagger for drivers or
restrict the visibility of vehicles for the flagger.

2.5.5 Control of Work Vehicles

Construction vehicles and equipment—especially haul
vehicles—entering, exiting, or crossing travel lanesoften pre-
sent asafety concern at night. Flaggers are often used to con-
trol such movements. To ensure the safest possible operation,
it isessential to plan such operations in advance and to train
flaggersto conduct these operationswith complete regard for
safety. Work crews are typically intent on maximizing pro-
duction, which normally means giving priority to the move-
ment of construction traffic. Stopping moving traffic always



entails risk, and therisk isincreased at night; therefore, con-
sideration should be given to modifying the normal priority
for night operations.

To reduce the risk of rear-end accidents, flaggers should
not stop moving traffic to permit truck movements unless
absolutely necessary. If adequate gaps are often available in
the traffic stream, work vehicles should be held until an
acceptable gap is available. When the traffic stream must be
stopped to permit construction vehicles to proceed, flaggers
must be trained to recognize when to initiate the stop. The
cues associated with the decision not to stop traffic are vehi-
cles moving at higher speeds, heavy vehicles, and vehicles
with other vehiclesfollowing closely behind. If any such sit-
uation prevails, public vehicles should be allowed to proceed
if at al possible.

In some situations, it may be necessary for heavily loaded
construction vehicles to cross the travel lanes. When these
vehicles must approach at a significant speed or on a down-
grade, it may be necessary to stop the traffic in the travel
lanes to permit the work vehicles to proceed safely. Consid-
eration should be given to replacing flaggers with temporary
signals or uniformed guards for such situationsiif feasible.

Regardless of the method used to control construction traf-
fic, itisessentia that al of the driversand operatorson the proj-
ect are adequately trained such that they are familiar with the
procedures and know what isrequired of them, asdescribed in
Section 3.1.2.

2.5.6 Temporary Traffic Signals

Temporary traffic signal control offers an excellent ater-
native to flagger control in that it reduces the safety risk for
flaggers. It may also generate better driver obedience, espe-
cialy if policepatrolsare active on the project. Because night-
time operations must typically be installed and removed
nightly, any temporary signal operation must be designed to
facilitate rapid deployment and removal. When alternating
one-way flow isin place for only ashort time, or the location
of the section must change often, flaggers offer more flexi-
bility than temporary signals. For these situations, a well-
designed flagging operation may provide abetter choicethan
temporary signals. (See Tech Note 38.)

2.6 OTHER SAFETY DEVICES

In addition to the various traffic control devices discussed
in Sections 2.1 though 2.4, a number of safety features may
apply in temporary traffic control zones for night construc-
tion operations. Because they must normally beinstalled and
removed on anightly basis, devices used in nighttime traffic
control zones must be readily portable, or at least easy to
install and remove nightly. However, in some cases, certain
safety devices may be left in place for an extended period to
protect roadway or construction features that are present
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throughout the construction operations. Such featuresinclude
roadside excavations, exposed traffic barrier ends, and open-
ings in bridge decks.

Like channelizing devices and signs, other safety features
used in work zones should minimize harm if impacted. Refer
to Section 2.1.5for (1) adiscussion of current requirementsfor
impact performance for work zone traffic control devices and
(2) references for devices meeting NCHRP Report 350 (8)
criteria

The sections that follow (1) describe a number of safety
devices that may be applicable for nighttime operations and
(2) present guidelines for their use.

2.6.1 Crash Cushions

Crash cushions prevent errant vehicles from impacting
fixed-object hazards by gradually decelerating avehicleto a
safe stop for ahead-on impact or redirecting the vehicle away
from the hazard for sideimpacts. Crash cushions are intended
for use at locations where fixed objects cannot be removed,
relocated, or made breakaway and cannot be shielded by a
longitudinal barrier.

2.6.1.1 Crash Cushions or Impact Attenuators

Two genera types of crash cushions are available. One
type functions by absorbing the kinetic energy of the impact-
ing vehicle by crushable or plastically deformable materials
or by the use of hydraulic energy absorbers placed in front of
an obstacle. The second type involves the transfer of the
momentum of the moving vehicle to an expendable mass—
usua ly sand—placed in the vehicle spath. However, thistype
rarely provides effective protection for site impacts.

2.6.1.2 Operational Crash Cushions

The 1996 AASHTO Roadside Design Guide describes
characteristics of operational crash cushions (5). The tech-
nology involving these devices is improving rapidly, and
new and improved crash cushions are introduced on a regu-
lar basis. Agencies involved in the design and operation of
temporary traffic control zones should maintain contacts
with manufacturers of crash cushionsto ensurethat informa-
tion on the most recent devices is readily available and that
all manufacturers' guidelines are followed when in use.

2.6.1.3 Applications of Crash Cushions

Typical applications of crash cushions in work zones
include roadway or construction features created by the work
activities that may constitute a hazard for motorists. Even
though the nighttime traffic control zone is present for only
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part of each day, certain features adjacent to the roadway may
be present around the clock. Temporary longitudinal traffic
barriers, especialy portable concrete barriers, are frequently
installed adjacent to the travel lanes, often with only asmall
lateral offset. Crash cushions may be a good choice to pro-
tect the exposed ends of theselongitudinal barrierswhen they
cannot otherwise be shielded from traffic. Crash cushions
may also be good choices to protect lateral excavations or
open bridge decks when longitudinal barrier cannot be fitted
to the location.

2.6.1.4 Performance Levels

Crash cushions are available for a range of performance
levels. When the decision is made to employ acrash cushion,
the device selected should be capable of protecting vehicle
occupants for the impact conditions reasonably predictable
for that roadway. NCHRP Report 350 providesthreetest lev-
elsfor crash cushions, equivalent to impact speeds of 50, 70,
and 100 km/h (30, 45, and 60 mph) (8).

2.6.1.5 Device Characteristics

The characteristics of crash cushions vary widely. Charac-
teristics of interest include size, initial and repair cost, porta-
bility and installation requirements, damage repair require-
ments, and performance level. Portability is a critical factor
for devices that must be installed and removed nightly.
Size—both width and length—may factor in work siteswith
limited available space. For sites prone to frequent impacts,
simplicity and low cost of repairs may outweigh ahigher ini-
tial cost. Conversely, for sites where impacts are expected to
be rare, low initial cost normally outweighs ease and econ-
omy of repair.

Regardless of the other factors considered, the crash cush-
ion selected must provide adequate protection for the antici-
pated impact conditions. The performance level for the device
and its physical configuration must be adequate to physically
protect errant vehicles from contacting the hazard or sec-
ondary hazards if the vehicle penetrates the end of the crash
cushion—known as gating—or is redirected in aside impact.

2.6.1.6 Portability

Few crash cushions are portabl e to the extent that they can
be deployed or removed within a few minutes. However, a
number of devices are available that can be installed on a
temporary basis with a minimum of site preparation. Such
devices may offer agood choice to protect temporary barrier
ends and similar work zone features.

A system to rapidly deploy or remove sand-barrel crash
cushions using pallets winched on and off a tilt-bed trailer
was devel oped under the SHRP program (31). Although pro-

totypes were built, only limited experience has been gained
with this system to date. The intent of this system isto per-
mit the rapid placement and removal of crash cushions, even
on adaily basisif necessary. Because sand barrelsrequire no
site preparation other than a smooth surface, they are ideal
for construction sites that change frequently.

An excellent choice where true portability is required is
truck-mounted crash cushions, a so known astruck-mounted
attenuators (TMAS). Because these devices are attached to a
truck, they can be moved as often as necessary, permitting
them to keep up with moving work crews. These devices are
available with performance levels up to 100-km/h (60-mph)
impacts. More detail s on shadow vehicles and truck-mounted
crash cushions are provided in Section 2.6.7.

2.6.2 Portable Traffic Barriers

Becausetraffic control setupsfor night work must typically
beinstalled and removed on anightly basis, the use of portable
traffic barriers is often more complicated than for situations
where the barrier can be left in place for an extended period.
However, portable concrete barriers may have applications
in certain situations.

2.6.2.1 Portable Concrete Barrier

A number of portable concrete barrier designsare described
in the AASHTO Roadside Design Guide. Those described
are capable of meeting a range of performance levels up to
Test Level 3, as defined by NCHRP Report 350 (5, 8). How-
ever, thetime and traffic exposure necessary to complete the
installation and removal on a nightly basis often outweigh
any advantages associated with use of portable concrete bar-
rier, except in caseswhereit can beinstalled and I eft in place
for an extended period. Portable concrete barrier may enhance
work zone safety when it isused to protect work spaces adja-
cent to travel lanes. When workers are present immediately
adjacent to travel lanes, portable concrete barrier may be
especially beneficial to protect the workers from vehicle
intrusions.

A typical application for night work involves setting the bar-
rier dong the edge of the travel lanes for the duration of the
work at that |ocation while leaving all of thetravel lanes open.
During the night work shift, one or more of the travel lanesis
then closed to provide contractor access for haul trucks and
other work vehicles alongside the barrier. Although those
vehicles are only separated from the travel lanes by channel-
izing devices, theworkersand most of thework operation are
protected by the barrier. The barrier also provides protection
for traffic from any hazards within the work space during
nonwork hours. Such an application is shown in NTWA-4A
and -4B in Appendix A.

Specia attention to barrier installation details is essential
to ensure protection for the work space and to protect traffic



from impacts on the barrier ends. Recommended practices
for portable concrete barrier installation are provided in the
AASHTO Roadside Design Guide (5).

2.6.2.2 Portable Plastic Barriers

Lightweight portable plastic barriers that have been
approved by FHWA are available for various test levels of
NCHRP Report 350. These barriers offer some advantage
compared with concrete barrier in terms of setup and take-
down time and effort because they can be placed manually
without the need for equipment (see Figure 18). Their nightly
use may thus be feasible, especially for crossovers of short
length, where the amount of barrier needed is small (8).

The primary concern regarding these lightweight barriers
istherelatively large lateral deflection during impact. Even
when filled with water as ballast, deflections of several feet
may occur, depending on impact speed and angle. During
cold weather, water spilled on the pavement during filling or
emptying of the barriers, or spilled during a crash, may pre-
sent a serious hazard if it freezes on the pavement. Use of
water ballast during cold weather should, therefore, be
restricted to locations where water cannot be spilled on the
travel lanes. A decision to use these barriers should be based
on consideration of the time required for installation and
removal, probable impact conditions, available width sepa
rating opposing traffic, and probable weather conditions.

2.6.2.3 Movable Concrete Barrier

The proprietary “quick change” portable barrier system
consists of a chain of short segments of safety-shaped con-
crete barrier that can be shifted laterally by a transporter
machine (see Figure 19). This barrier system offers a poten-
tial solution for lane closures and crossovers with two-way
traffic that must be installed and removed nightly and where

Figure 18. Portable plastic barrier, which requiresno
heavy equipment for placement.
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Figure19. Proprietary portable barrier system, which
can be shifted laterally by machine.

traffic and work site conditions are such that a positive bar-
rier isdesirable to protect traffic and workers.

Because the initid installation and subsequent removal of
the barrier segments requires an extensive effort, use of this
system is normally limited to applications where the barrier
will be a the same location for an extended construction
period. The high cost of thisbarrier and transporter also make
itsuseimpractical for brief construction periods. However, for
longer periods, especialy where traffic volumes and speeds
are high, the positive protection provided against crossover
accidents and work zone intrusions often outweighs this cost.

In atypical application, the movable barrier is set up in
advance of the start of night operations on the shoulder. To
start the nightly deployment of the barrier, the travel lane or
lanes are first closed using a standard lane closure. This clo-
sure would begin upstream of the start of the barrier, provid-
ing an adequate buffer space. It is not necessary to close the
lane throughout the entire crossover section because the lat-
era transfer of the barrier proceeds with traffic in the closed
lane. Latera transfer of the barrier continues to the down-
stream closure. Once the barrier is in place, the remaining
features of the closure or crossover are then put in place.

Theresulting traffic pattern provides positive protection for
the opposing traffic streams or work space with minimum
exposure and delay associated with deployment of the barrier.
At the end of the night shift, the procedure is simply reversed
to restore the highway to normal flow. The only significant
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impact on traffic during nonwork hours is the storage of the
barrier on the median shoulder. Typically, the transfer vehi-
cleis stored at either end of the barrier in the median or on
the shoulder, and standard portable barrier can be provided if
necessary to protect against impacts by errant vehicles.

2.6.2.4 Other Barrier Systems

An application of movable concrete barrier is shown in
NTWA-5 in Appendix A. The AASHTO Roadside Design
Guide describes other traffic barrier systems intended for
rapid installation and removal in work zones (5). W-beam on
barrelsand timber barrier curb and rail have both been crash-
tested and shown to perform acceptably for moderate impact
conditions. These systems may be considered for usein night
work zones where a barrier can be installed and left in place
for an extended period and wheretraffic speeds do not exceed
65—70 km/h (4045 mph). These systemsmay offer an advan-
tage compared with concrete barrier in terms of lower cost
and lighter weight when installed on a bridge structure.

2.6.3 Temporary Signals

The MUTCD allows the use of temporary traffic signals
for special applications at temporary traffic control zones
(see Figure 20). These signalsinclude atemporary haul road
or equipment crossing and work zones with alternating one-
way flow, such as bridge construction. The MUTCD states
that all traffic signal and control equipment should meet the
standards and specifications prescribed in Part 4. It further
specifiesthat one-way traffic flow requiresan all-red interval
of sufficient duration for traffic to clear the one-way zone at
the posted speed limit. Furthermore, the signals must be
either hard-wired or controlled by radio signalsto avoid dis-
play of conflicting signals.

Research on temporary fixed-time portable signalsin lieu
of flaggers showed that a substantial savingsin flagger labor

Figure20. Temporary traffic signals.

costs, with only a minimal increase in motorist delay costs,
could be achieved by using a portable fixed-time signal sys-
tem. The research also suggested that the potential for vehicle
accidents within the work zone may be higher with portable
traffic signals because of occasional driver noncompliance
with these signals. The tradeoff between a possible increase
in vehicular accidents and the reduction in flagger accidents
is something that must be considered in choosing between
the two methods. (See Tech Note 39.)

In addition to portable signals, conventional traffic-actuated
signalsinstalled for the duration of the work may be advan-
tageous when the signals are needed on a nightly basis.
Examplesincludeintersections on detourswhere higher traf-
fic volumes must be accommodated at night and sites with
alternating one-way traffic.

Some recent research provides a suggested methodol ogy
to optimize the section length and timing of alternating one-
way signal control installations. (See Tech Note 40.)

2.6.4 Rumble Strips

Rumble strips are transverse strips of rough-textured pave-
ment used to alert driversto an upcoming changein the road-
way or traffic pattern by imparting a vibratory and audible
warning to the driver (see Section 6F.78 of the MUTCD and
Figure 21). Although portable rumble strips are available,
they are practical for low speeds only because they are eas-
ily dislodged by higher-speed traffic. Rumble stripsinstalled
into or adhered to the pavement can provide good durability
and can be used where they will bein place over an extended
period. However, nonportable rumble stripsare generally not
practical where they must be installed and removed nightly.
Possible applicationsinclude median crossoversor other tem-
porary pavement where it is desirable to alert drivers to the
changed conditions at night. Rumble strips may also be
installed in the normal travel lanes to alert drivers prior to
nighttime traffic pattern changes, aslong asthey are not con-
sidered objectionable during nonwork hours.

Figure21. Temporary rumble strips formed from
removabl e pavement masking tape.



2.6.4.1 Effectiveness of Rumble Srips

Although rumble strips do not necessarily produce areduc-
tion in the speed of traffic, they can be effective in alerting
inattentive driverswho fail to notice visual information. This
effect may be especially helpful where drivers have been
mesmerized by traveling long distances on an unrestricted
highway and then suddenly encounter awork zone. Alerting
thesedriversto changesin the roadway character may reduce
the accident potential (32). The installation of rumble strips
may improve traffic flow in the event that additional warning
signs and a CM S do not reduce late merges and congestion.
(See Tech Note 41.)

One condition under which temporary rumble strips may
not be effectiveinimproving driver recognition of work zone
traffic control measuresis where thereislittle activity in the
work zone (33).

2.6.4.2 Installation Procedures

Long-term rumble strips may be installed using severa
methods. Where the pavement will be overlaid or removed
after completion of the work, recessed strips may be installed
by sawcutting or milling grooves into the pavement surface.
Raised rumble strips may be provided by adhering athin strip
of asphat concrete to the pavement surface. To achieve long-
lasting adhesion, the pavement must first be cleaned and atack
coat applied. Raised strips can a so beinstalled by building up
layers of pavement marking tape to the desired thickness.
Either removable or permanent tapes can be used, depending
on the required durability and ease of removal.

2.6.4.3 Rumble Strip Patterns

Patterns must be balanced to provide adequate warning to
drivers without being so severe that they startle drivers or
upset motorcycles. Sets of six paralel strips spaced about
10 ft apart are acceptable for high-speed roadways, with
closer spacings for slower speeds. Multiple sets of strips
spaced several hundred feet apart can be used to provide
repeated warnings. Widths of 10-15 cm (46 in.) and depths
or heights of approximately 1 cm (0.5 in.) have been widely
used and normally provide adequate warning without being
too severe or endangering motorcycles. However, trial instal-
lations may be helpful in determining the preferred depth or
height for a given application.

2.6.4.4 Restrictionson Use

Even stripswith very shallow depths or heights may affect
control of bicycles, especially in night situations where the
cyclist cannot see them in advance. Therefore, rumble strips
should normally not be installed where bicycle traffic is
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expected, especially at night. However, if dedicated bicycle
lanesare provided, rumble stripsinstalled only inthe vehicle
lanes may be acceptable (5).

2.6.5 Screens

Glare screens mounted on temporary traffic barriershelp to
reduce driver distraction from nighttime work operations (see
Figure 22). Screens also reduce headlight glare from oncom-
ing traffic. Application of screens is described in Section
6F.79 of the MUTCD and is also discussed in the AASHTO
Roadside Design Guide (5). Screens may be especially help-
ful at night because a lighted work space may attract drivers
attention to an even greater extent than in daylight.

2.6.5.1 Screen Design

The design of screensis discussed in the AASHTO Road-
side Design Guide (5). Screens should have an adequate height
to achieve the desired level of view restriction. Screens are
often attached to the top of longitudinal traffic barriers, espe-
cially concrete barriers. There are numerous commercially
available productsfor this purpose. Freestanding screens may
also be designed to provide portability where attachment to
abarrier isnot possible. Regardless of the design, it is essen-
tial that the screen is sturdy and durable soit isnot dislodged,
creating a traffic hazard. Screen designs must also be capa-
ble of performing in a safe, predictable manner if impacted.
The use of horizontal members, such as pipe or timber, to
support the screen should be avoided because of the risk of
vehicle penetration if impacted.

2.6.5.2 Limitations on Use

Screens should not be installed where they restrict the
driver’sview of the roadway ahead, such as on the inside of

Figure22. Screens mounted on temporary traffic barrier.
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short-radius curves. Screens may also be undesirable where
it is important that police officers be able to observe the
entire roadway.

2.6.6 Opposing Traffic Lane Divider

The opposing traffic lane divider, described in Section
6F.64 of the MUTCD, is a delineation device used to sepa-
rate opposing traffic on atwo-lane, two-way operation. This
device is suitable for use in nighttime operations because it
provides a clear separation of opposing lanes and it can be
quickly installed and removed. Portable versions are avail-
able with weighted bases that are intended to keep the device
in place and resist movement or overturning by traffic-
induced wind forces. Versions are a so available that can be
attached to the pavement, but they are generally not appropri-
ate when the device must be installed and removed nightly.

Recommendations for spacing are not provided in the
MUTCD. Considering the often reduced alertness level of
driversat night, the spacing should be close enough to clearly
delineate the opposing lanes and to discourage drivers from
cutting between devicesto pass other vehicles. A spacing of
60 m (200 ft) may be satisfactory for most situations. How-
ever, if thereis concern that drivers may attempt to crossthe
centerline, the spacing should be reduced. An even more
effective treatment may be achieved by maintaining the 60-m
(200-ft) spacing and adding tubular markers between devices.
Where pavement markings conflict with the temporary traf-
fic pattern, very close spacings, as little as 3 m (10 ft), may
be necessary.

2.6.7 Shadow Vehicles
and Truck-Mounted Attenuators

Trucks or trailers may be used to protect workers or work
operations from errant vehicles that enter the work space.
Whilethe vehicle provides protection for workers ahead of it,
collision with the rear of a truck or trailer often results in
severe consequences for the occupants of the impacting vehi-
cle. TMAs should thus be installed on the rear of the vehicle
to protect occupants of the impacting vehicle. However, if a
work vehicle must be present, keep workers ahead of it if pos-
sible. Additional information is provided in Section 6F.76(2)
of theMUTCD and inthe AASHTO Roadside Design Guide.

2.6.7.1 Applications for Shadow Vehicles

Because they are completely mobile, shadow vehicles are
agood choice to protect workers and work operations at any
location where vehicles may intrude into the work space.
They can al so be used to protect vehicle occupants from con-
struction features such as deep excavations, open bridge
decks, and other fixed hazards. The added risks associated

with night work make these devices well suited for avariety
of situations when it is impractical or impossible to install
barrier or a fixed crash cushion. However, shadow vehicles
only protect vehicles approaching from the rear and cannot
provide longitudinal protection for an extended work space.

These devices are best suited for situations when workers
or ahazard are confined to alimited area. When an operation
isspread out over more than ashort distance, therisk of intru-
sions along the length of the work space increases, and the
shadow vehicle cannot provide protection over the extended
length. In such situations, additional protection may be
achieved by spacing more than one vehicle throughout the
work space.

2.6.7.2 Impact Protection

TMAs should be evaluated according to NCHRP Report
350 criteria, which require testing with both a small sedan
and a full-size pickup (8). Commercially available devices
have been developed to test Levels 2 and 3 at 70 km/h and
100 km/hr (45 mph and 60 mph). Depending on the model
selected, protection for occupants of theimpact vehicle can be
provided for speedstypically encountered in most work zones.

Excellent protection is provided for the workers when the
impact vehicleisapassenger car, because the shadow vehicle
is pushed ahead only a short distance. However, if impacted
by trucks or other large vehicles, protection for the occupants
is not ensured, and the shadow vehicle may be pushed ahead
a considerable distance. Reported experience with shadow
vehicles equipped with attenuators shows that they are very
effectivein protecting thework space. For impacting vehicles
within the range of weight and impact speed for which the
attenuator was designed, excellent protection isalso provided
to occupants of the impacting vehicle (34).

2.6.7.3 Vehicle Characteristics

Shadow vehicles equipped with TMASs protect workers
from vehiclesthat may intrude into the work space. The TMA
protects the occupants of theintruding vehicle (see Figure 23).
TMAsaretypically tested using shadow vehiclesin therange
of 18,000—20,000 Ib. Use of heavier vehicles reduces roll-
ahead, especially if impacted by a larger vehicle. The small
sedan tests are performed with the shadow vehicle placed
against arigid barrier to eliminate roll-ahead. Use of a heav-
ier shadow vehicle, thus, will not affect occupant protection
for small-car impacts. However, the use of lighter shadow
vehicles may result in increased roll-ahead when impacted
by larger vehicles and should be avoided unless speeds are
low and there are few trucks or other large vehiclesin the
traffic stream.

Trailers configured similar to the rear of atruck and bal-
lasted to the appropriate weight may be used to support the
TMA. Where frequent movement of the trailer during the



Figure 23. Shadow vehicle with truck-mounted
attenuator.

work shift is not required, use of atrailer avoids the need to
assign adriver for the entire shift. It also eliminates the risk
for the support vehicle driver in the event of a severe impact
by a high-speed or large vehicle.

When stationary, the support vehicle's brakes should be
locked and the transmission placed in the lowest gear to
reduce roll-ahead if impacted. Slightly turning the wheels
away from the work space and adjacent travel lanes may fur-
ther reduce roll-ahead risk. For operations that move ahead
frequently or at a steady pace, the shadow vehicle should be
kept in alow gear and the brakes should be locked whenever
the vehicle stops.

2.6.7.4 Vehicle Lighting

In addition to the TMA, shadow vehicles should be
equipped with warning lights and reflective material as
described in Section 2.7. If the shadow vehicle is used to
form alane closure, it should a so be equipped with an arrow
panel. Arrow panel operation should be in strict accordance
with the guidelines presented in Section 2.4.

2.6.7.5 Position of Vehicle

Shadow vehicles must be properly placed to ensure that
they are not pushed forward into the work space if impacted.
At the same time, positioning the vehicle farther back than
necessary increases the risk of an errant vehicle intruding
ahead of the vehicle. Because longitudinal buffer space is
intended to be free of all hazards, the shadow vehicle should
be positioned beyond the downstream end beyond the buffer
space or farther into the work space, depending on the loca-
tion of the workers or hazard to be protected.

The optimum position of the vehicle usualy involves a
tradeoff between roll-ahead and risk of intrusions ahead of
the vehicle. The optimum position must be determined based
on the speed and size of the vehiclesin the traffic stream, the
characteristics of the work operation, and the weight of the
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protective vehicle. Recommended vehicle positions are pro-
vided in Transportation Research Record 1304 (35).

2.6.8 Arrestor Nets

Arrestor nets are designed to safely stop an impacting
vehicle in a head-on impact by snaring the front of the vehi-
cle in a net attached to energy-absorbing reels of steel tape
(see Figure 24). The proprietary “Dragnet” arrestor nets are
described in detail in the AASHTO Roadside Design Guide.
This device is capable of decelerating full-size automobiles
and similar-sized vehicles from 60 mph or faster, depending
on the components used, and does so with minimum risk to
the vehicle occupants.

Although anchorages are required to absorb the impact
energy, avariety of temporary anchorages have been devel-
oped that make it possible to quickly install or remove the
arrestor net at most sites. Arrestor nets can be installed or
removed on anightly basis and provide nearly complete pro-
tection against vehicle intrusions—at little risk to vehicle
occupants. This device is thus a good choice for installation
at ramp and full-roadway closures where the risk of intru-
sions is high or where an intrusion would result in severe
conseguences. (See Tech Note 42.)

2.6.8.1 Impact Performance

Depending on the energy-absorbing unitsinstalled and the
width of the net itself, stopping distance from 50 mph istyp-
ically limited to approximately 70 ft for large cars at an aver-
age deceleration of lessthan 2 g. However, these parameters
can easily be adjusted to meet specific site conditions, includ-
ing designs to stop large trucks. Specific design aternatives
are available from the distributor.

2.6.8.2 Typical Applications

Arrestor nets may be considered for use when all traffic
must be precluded from a closed roadway or entrance ramp.
They are especially appropriate when intruding vehicles can

Figure24. Arrestor net.
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travel for somedistance on the closed roadway before encoun-
tering the work space.

2.6.8.3 Ste Geometry

Adequate stopping distance that is free of all objects and
vehicles must be provided behind the nets. Required stopping
distance can be determined using formulas provided by the
distributor for specific net and energy absorber configura-
tions. In addition to the net and stopping distance behind it,
adequate space must be availablefor traffic control devicesin
front of thenet. In addition, it is often necessary to permit con-
struction traffic to enter the closed roadway, which requires
that an acceptable temporary roadway circumventing the net
be provided. This roadway should be adequate for the con-
struction traffic expected, including wet weather access,
while discouraging errant drivers from entering the closed
roadway.

2.6.8.4 Traffic Control Devices

Appropriatetraffic control devices, asdescribed in Section
1.1, are essential to alert drivers to the closure before they
encounter the arrestor net. At aminimum, ROAD-CLOSED
signs, Typelll barricades, and flashing warning lights should
be provided to effectively close the roadway or ramp prior to
the net. Where space permits, adequate buffer space should
be provided such that vehicles that proceed through the bar-
ricades are provided room to stop before impacting the net.
It may be desirable to place the arrestor net some distance
beyond the primary closure. In such cases, it is essential to
provide asecond set of barricadeswith flashing lightsimme-
diately in front of the net to alert construction traffic and any
drivers that circumvent the primary closure.

2.6.8.5 Watch Guard

Wherethereisaconcern that driverswill deliberately try to
enter the closed roadway by driving around the net, stationing
awatch guard or police officer at the closure point should be
considered. The vehicle should be equipped with appropriate
warning lights and positioned where it is visible to approach-
ing traffic, but whereit isnot at risk of being struck.

2.6.8.6 Whereto Avoid Positioning Watch Guard

Under no circumstances should the watch guard’ s vehicle
be positioned behind the net where an impacting vehicle may
deflect the system and strike the vehicle. The watch guard
should be equipped with aradio to alert the work crew of any
vehicle intrusions.

2.6.9 Intrusion Alarms

A variety of commercially availableaarm systemsto detect
vehicleintrusionsinto abuffer space or the work activity area
are available. Models that provide audible or visual warn-
ings, or both, are available. Because night operations often
involve work crews separated from traffic only by channel-
izing devices and because of the higher incidence of impaired
drivers at night, use of these alarm systems provides added
protection for workers.

The selection of an intrusion alarm system for night oper-
ations depends on the type of operation. If the system must
be removed during daylight hours, only systemsthat arerea
sonably portable will be feasible. Currently available alarm
systems include both mechanical systems (e.g., road tubes)
and electrical systems (e.g., ultrasonic or infrared beam sen-
sors). Other systems use a worker to detect intrusions and
activate awarning signal. Along with portability, the layout
of the site is another factor that will dictate the type of sys-
tem that can be used. System sensors must be configured
such that work vehicles can enter and exit the site without
activating an alarm. Also, the site must permit the location of
sensors such that all workerswill have sufficient timeto take
evasive action if an intrusion occurs.

The type of alarm used to warn workers of an intrusion
depends on the work situation. Generally, an audiblealarmis
best so that the workerswill get thewarning signal regardless
of what they are doing. However, on sites with high ambient
noise levels, it may be necessary to supplement the audible
alarm with avisua alarm, such as strobe lights. Another fac-
tor to be considered is the incidence of false aarms due to
activation of the alarm by ambient signals emanating from
construction equipment, from communications equipment,
or, if inan urban environment, from local activity. Also, some
electrical systems that use asignal reflected off of channeliz-
ing devices can issue afalse darm if the channelizing device
is dlightly displaced because of vehicle-generated winds.

At this time, both portability and reliability are probably
most adequately met by using a worker observer to detect
intrusions and activate an alarm. However, because few
intrusionsarelikely to occur and the observer task can there-
fore become extremely boring, causing inattention, worker
observer shifts should be relatively short. (See Tech Note 43.)

An aternative to a dedicated observer that can be consid-
eredisusing aflagger or thedriver of ashadow vehicleto acti-
vatetheintrusion alarm. Using such personnel will obviously
depend on whether they have an adequate view of the site.

2.7 VEHICLE PROTECTION

Construction vehicles and equipment are frequently
involved in traffic accidents in and adjacent to temporary
traffic control zones (34). Accidentsinvolving work vehicles
and equipment may increase because of the special concerns



associated with night work. Reduced visibility, impaired and
unfamiliar drivers, and higher speeds may combine to result
in both higher accident rates and increased severity. Thissec-
tion provides guidelines to make work vehicles adequately
visible and identifiable at night. Drivers must be able to not
only seework vehicles, but also identify work vehiclesas such
in order to prepare for, and avoid hitting, work vehicles that
dow, stop, or turn unexpectedly. This section also provides
suggested procedures to reduce the risk of crashes between
these vehicles and equipment and the traveling public.

2.7.1 Warning Lights

Warning lights are effective in terms of enhancing the visi-
bility of work vehicles and equipment. Even when equipped
with conventional highway lighting equipment, the addition of
warning lights makeswork vehiclesand equipment moreread-
ily visible and identifiable as being associated with the work.

Past studies have shown that the effectiveness of vehicle
warning lights varies with the lighting configuration and the
type of work operation (36). However, the practicalities of
construction operations normally dictate that a single light-
ing configuration is selected for a given vehicle or piece of
equipment. Other than turning lights on and off, it is gener-
ally not practical to vary the configuration from operation to
operation.

2.7.1.1 Avoid Srobe

Individual rotating or flashing incandescent lightsare prefer-
able to strobe lights or flashing light bars. Strobe lights pro-
videthe advantages of low initial cost, low power draw, good
durability, and excellent long-distance visibility; however,
they do not performwell interms of conveying distanceinfor-
mation and closure rates to other drivers. Because approach-
ing drivers need to sense distance and closure rate of awork
vehicle in order to initiate appropriate response to the work
vehicle, strobe lights are not recommended (36).

A wide selection of light bars, incorporating a variety of
flashing and rotating incandescent lights, combined with
strobe lights are commercially available and are commonly
used on emergency and law enforcement vehicles. Although
these light bars provide excellent visibility, they are proba-
bly less effective than simple rotating or flashing beaconsin
terms of distance and closure rate information. Combined
with their higher initial cost and higher power draw, they are
thought to be less appropriate for night construction use than
rotating or flashing beacons. However, for police vehicles
used in night work, theselight bars clearly identify the police
vehicleand provide aworthwhilefunction. Likewise, for tow
trucks or other special-function vehicles already equipped
with light bars, they provide clear identification and should
continue to be used without adding the conventional rotating
or flashing lights used on other work vehicles and equipment.
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2.7.1.2 Flashing or Rotating Beacons

Flashing beacons and rotating beacons, which provide the
appearance of flashing, provide better distance and closure
information and, thus, are recommended for night use on all
work vehicles and equipment, except as otherwise noted
below. Mounting these lightsin pairs, one on each side of the
vehicle, further enhances driver judgment of distance. Fur-
thermore, using two lights ensures continued visibility if one
light is blocked or fails.

2.7.1.3 Brightness

In addition to type, number, and position, warning lights
must be adequately bright to ensure good visibility. NY SDOT
nighttime specifications require that warning lights must be
visible for aminimum of 300 m (1,000 ft) in al directionsin
daylight. Thislevel of brightnessisthought to provide good
visibility at night and can be provided by a wide range of
commercially available warning lights (17).

2.7.1.4 Color

Although various colors are available, amber is widely
recoghized as associated with highway service vehicles and
with the need for caution. Standardization on yellow further
reduces the chance of confusing the work vehicleswith emer-
gency and police vehicles or other types of service vehicles
that may be present in the traffic stream, but not associated
with the work.

2.7.1.5 Installation

Warning lights should be attached on the vehicle or equip-
ment in a position that provides 360-deg visibility if possi-
ble. Warning lights mounted on the front of ahaul truck pro-
vide excellent visibility to motorists approaching from all
directions (see Figure 25). If configuration of the equipment
prohibits 360-deg visihility, then two pairs of lights should
be added, with one pair visible in each direction. It is also
essential that the mounting position does not result in the
warning light creating glare for the driver or operator. On
rollers and other open equipment, it may be necessary to
mount the lights on amast to place them well above the oper-
ator’sline of sight.

2.7.2 Reflectorized Markings

Rotating or flashing lights on equipment and vehicles are
effective in making the equipment and vehicles visible at
night. However, these lights may not define the size of the
vehicle or equipment. Furthermore, if thelightsfail or are not
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Figure25. Warning lights mounted on the front of haul
truck.

in operation, visibility is severely limited. To define shape
and size, and to ensure visibility if the lights are not operat-
ing, reflective tape should be added to the rear of dump trucks
and other large trucks and to the front, rear, and sides of
rollers and other equipment.

A band of 5-cm (2-in.)-wide, red and white reflective tape
defining the outline of the vehicle or equipment greatly
enhances visibility and defines the width of the vehicle for
approaching drivers. When the configuration of the equip-
ment limits the area available to apply tape, a minimum of
100 in.2 of materia should be provided whenever possiblein
apattern that at least defines width (37).

Reflective tape on haul vehicles and equipment becomes
dirty and may deteriorate rapidly. Thistape must be cleaned
and replaced as needed to maintain visibility.

2.7.3 Identifying Signs and Markings

In spite of the flashing or rotating beacons, drivers may
sometimes mistakenly attempt to follow work vehiclesasthe
work vehicles exit travel lanesto pull into the closed portion
of the roadway. This risk can be reduced by adding reflec-
torized signsto the rear of haul trucks and similar work vehi-
clesthat must frequently exit thetraffic stream (see Figure 26).
A standard message such as WORK VEHICLE—DO NOT
FOLLOW displayed on the rear of such vehiclesis recom-
mended. NY SDOT requires a 0.6 m by 1.2 m (2 ft by 4 ft)
size for this application, which should provide adequate leg-
ibility for following drivers while permitting easy mounting
on most vehicles. The standard black-on-orange color pro-
videsfurther identification with thework activities. It isessen-
tial that these signs be cleaned frequently and replaced as
needed to maintain their legibility on the rear of dump trucks.
These signs should be covered or removed when not needed
to maintain driver credibility for signs that are needed.

Figure 26. Reflectorized sign on the rear of haul truck.

2.7.4 Inspector and Supervisor Vehicles

Although the addition of two rotating or flashing amber
beacons to al trucks and equipment is practical and should
be required for night work, the addition may be impractical
for passenger vehicles and personally owned light trucks
operated by inspectors and supervisory staff within the proj-
ect limits. However, these vehicles still must be visible, and
motorists must be able to clearly identify the vehicles as
being associated with thework. Workers must also be ableto
clearly and readily identify vehiclesthat are authorized within
the closed portions of aroadway and, thus, do not present a
risk to workers and other traffic. The addition of a single
fixed or portable rotating amber beacon to the roof of such
vehicles provides good visibility and is practical to imple-
ment. Magnetic bases make these lights easy to deploy and
remove as needed without damaging the vehicle's finish.
Regardless of the type of light selected, it should meet the
same brightness requirements as for larger trucks—that is,
300-m (1,000-ft) daytime visibility.

2.7.5 Light Usage

Warning lights should be in operation whenever needed,
but turned off when not needed to reduce the potential for
driver confusion and to maintain the credibility of the lights
when needed. In addition to the rotating or flashing beacons,
the four-way emergency flashers should be activated on vehi-
cleswhen appropriate to provide additional warning and clo-
surerateinformation to other drivers or to make parked vehi-
cles visible when in an exposed location.

To minimize distraction and driver confusion, warning
lights and four-way flashers on all work vehicles, including
passenger cars and light trucks used by project staff, should
be turned off whenever the vehicle is moving at normal
speeds in the traffic stream for substantial distances. Like-
wise, warning lights should be turned off when the vehicleis
parked out of the traffic stream in a position whereit is pro-
tected from traffic and other work vehicles.



Prior to slowing down in the traffic stream or exiting or
entering the traffic stream, it is essential for the warning
lights to be turned on to enhance visibility and to provide a
warning to other drivers. To ensure that the driver of the
work vehicle does not forget to turn the warning lights on
when needed, especially if unexpected stops or turns occur,
it isgeneraly preferable to leave the warning lights in oper-
ation when operating for short distancesin the traffic stream
within the active area of the project.

Required warning lights should be displayed at all times
when operating on closed roadwaysto aert workersand other
construction traffic and to denote vehiclesthat are authorized
on the closed roadway. Likewise, work vehicles parked or
momentarily stopped on the pavement or shoulders of closed
roadways should display either warning lights or four-way
flashers so that the vehicles can be seen by other construction
traffic.

2.7.6 Direction of Vehicle Movements

Toavoid confusing traffic, work vehiclesin closed lanes or
shoulders should travel in the same direction as traffic when-
ever possible. Exceptions must be madefor asphalt rollersand
other equipment that must move in both directions. When
vehiclesmust move against traffic, such asfor picking up lane
closures, the vehicle should normally back up at a controlled
speed to avoid confusing traffic and to avoid the need to turn
around adjacent to traffic. However, when temporary lighting
allowswork vehiclesto operate without headlights and when
adequate turnaround space is available without intruding into
traffic, it may be permissible to drive upstream in the closed
lane without causing confusion or arisk to ongoing traffic.

2.7.7 Protecting Slow-Moving Equipment

Construction equi pment does not perform well when oper-
ated in thetraffic stream because it does not accel erate, decel-
erate, or turn quickly. In addition, it is often wider than typi-
cal highway vehicles, anditslargeweight and size often makes
it especially hazardousif impacted. Even when equipped with
warning lights, construction equipment may belessvisibleto
drivers than normal vehicles are, and drivers may fail to rec-
ognize the equipment as slow-moving equipment. Whenever
possible, construction equipment should not be moved in
open travel lanes or on shoulders adjacent to travel lanes.

Occasionally, however, it may be necessary to move cer-
tain types of equipment from work areas to staging and stor-
age areas. When such moves become necessary, it is essen-
tial to take appropriate precautionsto minimize risksto other
traffic. Whenever possible, such moves should be made when
traffic is lightest and during daylight hours. The length of
such moves should be held to an absolute minimum. This
limit may require establishing temporary storage areas along
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the length of a project rather than returning equipment to a
central yard on anightly basis.

Occasionally, one must move construction equipment in
open lanes, or on the shoulder adjacent to open lanes, and at
speeds well below normal traffic speeds. In such cases, the
equipment should be equipped with a pair of rotating or
flashing lights.

Added protection should be provided by following the
equipment with a chase vehicle equipped with one or more
rotating beacons and four-way flashers. Normally, the chase
vehiclewill consist of apickup or other light truck. The chase
vehicle provides added visibility, is more maneuverableif it
must evade an errant vehicle, and can provide added protec-
tion at turning points and other locations where the equip-
ment must slow or stop momentarily. The chasevehicleshould
vary itsdistance behind the equipment. Normally, it will fol-
low closely enough that vehicles cannot cut in between the
chase vehicle and equipment. However, on hill crestsor other
locationswith restricted sight distance, it may need tolag far-
ther behind.

2.7.8 Vehicle and Equipment Parking
and Storage

Vehicles and equipment parked on shoulders, in closed
lanes, or adjacent to the roadway may represent a potential
hazard to traffic and to other work vehicles. This possibility
exists both on open and closed roadways during work hours
and on open roadways during nonwork hours, both day and
night. Steps can be taken to reduce this potential hazard.

First, designated parking should be provided for workers’
personal vehiclesin a safe location. Not only must the loca
tion ensure that the parked vehicles are not a hazard to traf-
fic and work vehicles, but workers must also be ableto safely
reach the work area after parking. In urban work locations
with limited space on the roadway, it may be necessary to
provide parking off-site and transport workers to the work
area. Providing temporary lighting for the parking area pro-
vides security for both workers and the parked vehicles and
reduces the risk of vehicle-pedestrian accidents in the park-
ing area.

Inspectors and supervisors must often use personal vehi-
cles to move about the work area throughout the work shift.
In such cases, it is essential that these workers park their
vehicles at locations that minimize the risk to other work
vehiclesand traffic. Oncework vehiclesare (1) parked safely
off the roadway or in areas designated for worker parking
and (2) lit or clearly identified such that they are visible to
other work vehicles and traffic, all vehicle lights should be
turned off to reduce distraction for other drivers.

In addition to workers' vehicles, equipment and largetrucks
must often be stored within the highway limits during non-
working hours. This equipment may represent a significant
roadside hazard if parked where it can be struck by errant
vehicles. Thisrisk must be minimized by parking all vehicles
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and equipment behind existing traffic barriers, well beyond
the roadside clear zone, or in other areas not accessible to
errant vehiclesthat depart the roadway. In some cases, it may
also beimportant to consider security during nonwork hours.
Theft or vandalism and risk of injury to trespassers may all
be concerns in some locations.

2.8 WORKER PROTECTION

Highway construction and maintenance work are recog-
nized as high-risk activities for workers, and those risks are
generaly greater at night. In order to protect workers from
the risks inherent in night work activities, it is essential for
specific measures to be included in the design and operation
of the project. This section provides guidelines for enhanc-
ing worker visibility at night and for training workersto work
safely in the night environment.

Workers need to be aware of the risks inherent in night
work, as well as the site-specific procedures to avoid those
risks. Contractors should be encouraged to develop their own
safety programs that include training. OSHA regulations
requiretraining for construction workersfor all types of proj-
ects. These guidelines provide a general overview of meth-
ods and content of work site safety training and mention spe-
cific issues relative to worker safety on night construction
projects.

2.8.1 High-Visibility Apparel

Although the need to provide enhanced visibility and con-
spicuity for flaggers under night conditions is obvious, the
need is equally important for other workers, particularly for
personnel who may be working in (or frequently entering)
areas of the work site that are hazardous because of the pos-
sibility of intrusion by public traffic or because construction
vehicles may be traveling through. Ensuring adequate visi-
bility of exposed workers may be more difficult than ensur-
ing adequate visibility for flagger personnel. This increased
difficulty is because flaggers will always be in an upright
position and facing traffic, whereas other workers may bein
any position; standing, stooping, facing away from traffic,
and so forth. Thus, the area of the body and head that must
be emphasized is not predictable. From the standpoint of
detection by drivers of both public vehicles and on-site work
vehicles, workers must be recognizable as workers over the
entire range of body motions and positions. This necessity
impliesagreater need for “whole-body” visibility, including
hard hats, than would be the case for flaggers alone.

Whereas the goal with respect to flaggers is to provide
retroreflective patterns or colors that clearly differentiate
flaggers from other workers so that flaggers are adequately
detected by driverswhen illuminated by headlamps, workers
in general may need to be visible from any direction and
without the aid of retroreflection. If flagger personnel are to

be used as spotters to warn workers of intruding vehicles or
crossing or entering work vehicles, it is necessary that the
worker reflectorization be adequate for detection by the spot-
ter. Although most work vehicles whose operators need to
see other workerswill have headlighting, such lighting isnot
ensured and the angle at which these vehicles approach
workers is unpredictable. Therefore, it is prudent to have
workers clearly visible under diffuse, as well as retroreflec-
tive, conditions. Thisvisibility is best accomplished by hav-
ing workers wear light-colored clothing in addition to their
retroreflective vests and hats. One state has reported requir-
ing all workers to wear white overalls together with striped
retroreflective vests. (See Tech Note 44.)

Another factor that must be considered is the visibility of
workers against a background of nonmoving equipment,
vehicles, or both. In this case, the reflective patterns and col-
ors of delineation used on the equipment must be taken into
consideration relative to the visibility of workers against the
likely background. This necessity clearly argues against
clothing of a solid color and suggests an advantage to alter-
nating colorsin stripes. (See Tech Note 45.)

If worker clothing might be worn during daylight, and par-
ticularly if workers may be exposed during dawn or twilight
conditions, visibility may be significantly enhanced with the
use of fluorescent colors. (See Tech Note 46.)

Other than the factsthat, in general, light-col ored materials
provide greater amounts of reflection than darker colors do,
and fluorescent colors reflect more light under some daylight
conditions, there are no clear guidelines as to the amount,
color, or pattern of reflective markings on clothing. The only
guidance that can be given is that enhancement of visibility
viaboth retroreflective and diffuse reflective apparel isdesir-
able for workers who are more likely to be exposed to work
vehicle or public traffic, particularly if they must be
detectable against complex backgrounds or under lower lev-
els of sitelighting.

2.8.2 Work Site Safety Training

Informal on-site training, “tailgate safety programs,” or
“toolbox safety training” areimportant to address saf ety issues
both for workers and for inspection staff. In order to have
maximum effectiveness, work site safety programs should
focus on concerns directly related to project activities and
should occur on aregular basis. Regularly scheduled training
frequently occurs as often as once per week, and, in extreme
cases, each work shift may begin with avery brief reminder
of safety concerns for each crew as it convenes at the work
site. Safety training programs may take a few minutes away
from normal production; however, if well planned and orga-
nized, these programs provide a significant payback interms
of avoiding lost productivity associated with accident costs.

In addition to regularly scheduled training sessions, spe-
cial training sessions may be appropriate from time to time.



Prior to the start of work on a new task or activity, it isfre-
guently helpful to hold a session to address safety procedures
and concerns for the new operation.

A detailed drawing of each step in the proceduresor atrial
practice in a parking lot may be helpful. In addition, special
sessions may be called to address incidents or accidents that
occur on the project. By discussing the cause of an incident
with workers and reviewing applicable safety procedures or
changes in procedures, the probability of recurrence can be
reduced.

Occasionally, apprenticeship or other on-the-job training
programs are in place on a project. However, specific work
skills, such asflagger training, are normally attained by work-
ers prior to employment or through skill-specific training
provided to address individual work assignments. Job-site
safety training, however, is normally intended to familiarize
workers with safety procedures specific to their job assign-
ment and to maintain a constant attitude of safety awareness.
Because safety procedures are site-specific and require con-
stant reminders to achieve a high level of compliance, this
aspect of training must occur on aregular basisat thework site.

2.8.3 Training Topics

Workers should beinstructed to be aert at all timesto traf-
fic, especialy to construction traffic on closed roadwayswhere
workers may be lulled into a false sense of security. It is
essential that they not place themselvesin avulnerable posi-
tion where they cannot see or be seen by traffic or construc-
tion equipment. Drivers and equipment operators need to be
trained to be especially alert for workers on foot at night.

Some sites may require specific procedures for workersto
gain access to the work site. These procedures may involve
designated parking locations and specific walkwaysand cross-
ing points to safely access the work site. The procedures
must be conveyed to workers and reviewed periodically,
especialy if compliance becomes lax.

Backing accidents are a serious worker safety concern at
night when workers behind equipment and vehicles may be
nearly invisible. Even on well-lit sites, shadows may restrict
visihility at times, making workers on foot difficult to see.
The need for specific operational proceduresis discussed in
Section 3.1, and those procedures must be conveyed to work-
ers through on-site training.

Normally, areview of safety apparel requirementsis also
included. Workers need to know specific requirements for
vests, hard hats, other safety apparel, and general work cloth-
ing requirements as they apply to the work site or to specific
work tasks.

Avoidance of overhead utilitiesisarisk on many sitesand
becomes more critical at night (see Section 3.1.6). Specific
site hazards (such as driversforgetting to lower dump bodies
before bridges and sign structures) and procedures to avoid
them should be covered in on-site training.
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Finally, work site policiesfor compliance with safety rules
need to be conveyed and reviewed periodically. All workers
must clearly understand that the added risksinherent in night
work make 100-percent compliance essential. Failure to
comply entails unacceptable risksfor individual workersand
for the overall safety of the project. Violation of work rules
through deliberate oversight, forgetfulness, or carelessness
must entail clearly defined penalties.

2.8.4 Training Methods

Because on-sitetraining ismost often delivered in thefield
by project supervisors, it isfrequently conducted on an infor-
mal basis. Much of the training is provided to small groups
of workersinvolved in aspecific operation by the floor |eader
or general supervisor. To beeffective, training materials must
be provided to the session coordinator in advance. The mate-
rial should be brief, concise, and in simple terms that are
understandable by the workers. Commercially availabletrain-
ing programs provide alarge selection of topicsfor useat indi-
vidual sessions. Some firms, however, have found that mate-
rials prepared or selected at the company or project level are
more specific to project needs and, thus, are more effective.

Regardless of the source of materials, someone at the proj-
ect, preferably the site safety officer, must arrange for train-
ing topicsto be provided to session leaderson aregular basis.
Because the needs of the individual work crews vary, it is
often necessary to provide different topics to various crews.

Although many of the sessions are conducted for individ-
ual crews by the crew leader or supervisor, larger meetings
for multiple crews or al project staff may be appropriate
fromtimeto time. These meetings provide an opportunity for
individuals, such as the project superintendent or company
manager, to address all workers. Other sources of trainersare
also available, including insurance company representatives,
union leaders, industry associ ation representatives, and OSHA
or other safety agency officials. Occasionally inviting out-
side presenters to address workers on-site offers an opportu-
nity to address specialized topics by someone with recog-
nized expertise and to generate worker support for safety.

2.8.5 Training Administration

Record keeping is essential to ensure effectiveness of the
program. Project records should be maintained on the topics
scheduled and materials covered. Workers attending should
sign in, with the attendance sheets maintained in the project
records.

In addition to safety training for workers (whichisnormally
theresponsibility of the contractor), there must be safety train-
ing for inspection staff and other representatives of the owner
agency, who are also exposed to risks associated with night
work. Although this program is often separate from the con-
tractor’ sprogram, there are benefitsin providing coordination
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between the two. Inspection staff should periodically attend
contractor sessions to ensure that the contractor is making a
reasonable effort to train inspection staff and other represen-
tatives of the owner agency. From time to time, specia ses-
sions may be conducted that can benefit al project staff,
including inspectors. Attendance at such sessions helps to
develop an overall project awarenessand dedication to safety.

2.9 LIGHTING REQUIREMENTS

Previous research has shown lighting to be one of the most
important factors in nighttime construction. Safety in the
work zone, quality of work, and morale of workers are all
directly related to work zone lighting. The requirements for
lighting are determined by the visibility requirements of the
workers and motorists using the area. Factors that must be
considered in defining lighting requirements were summa-
rized in thefinal report for NCHRP Project 5-13 (38). Stated
briefly, for any given observer with a defined visual ability,
the smaller that the object to be seen is and the less contrast
the object has with its background, the more light is needed
for adequate visibility. Also, the presence of glare degrades
visibility while bright ambient conditionsimprove visibility.

Lighting requirements are most easily defined in terms of
illuminance, whichistheamount of light falling on asurface.
I1luminance is measured in either footcandles or lux. Illumi-
nance may be increased by increasing the intensity of alight
source, increasing the number of light sources, or decreasing
the distance of the light sources from the surface area. (See
Tech Note 47.)

The system advanced by Ellis et al. was to categorize the
majority of highway and bridge maintenance tasks and to
assign aminimum level of illuminanceto each category (38).
Given this knowledge concerning how much light is needed
in different locations of the work area, alighting design can
be identified that provides the required photometrics.

Appropriate lighting fixtures must be selected, and the
appropriate location, arrangement, and spacing must be deter-
mined to achieve the required illuminance levels. Thisinfor-
mation should be included in the lighting plan discussed in
Section 3.4. Inspection methods that may be used to determine
whether the installed system meets the photometric require-
ments of the design and plan are discussed in Section 3.2.

This section addresses the amount of lighting that is
needed in specific work areas and for different work tasks. It
also provides a general discussion of methods that may be
used to achieve these levels and the limits and methods
required to provide adequate control of glare.

Anyoneresponsiblefor devel oping alighting plan for night
construction work should be knowledgeable in photometrics
and vision and should consult the final report for NCHRP
Project 5-13 (38) and the |ES Lighting Handbook (40) from
which these guidelines were devel oped.

2.9.1 Classification of lllumination
Requirements by Task

Lighting should be adequate to provide the minimum level
of illuminance required in different work areas and for dif-
ferent tasks. Each area, task, or both must therefore be cate-
gorized as to what level of lighting is required:

* Level 1. Thislevel of illuminance is recommended for
the general illumination of all work operations by con-
tractor's personnel in areas of general construction
operations, including layout and measurements ahead of
the actual work, excavation, cleaning and sweeping,
landscaping, planting, and seeding. Work areas, such as
stockpiles, are illuminated to Level | to enhance safety
and improve work efficiency (see Figure 27). Thislevel
of illuminance is primarily important in areas where
crew movement may take place and is limited to tasks
requiring low accuracy, involving slow-moving equip-
ment, and having large objects to be seen. Level | illu-
minance should also be provided at the area of lane or
road closures continuously throughout the period of clo-
sure, including the setup and removal of the closures.
(See Tech Note 48.)

Thislevel of illuminance should a so be provided dur-
ing the setup of lane closures or road closuresinstalled in
conjunction with nighttime construction operation and
should be maintained until the closure is removed. Such
lighting should be used at the actua points of closure,
including the lane closure tapers. Leve | illumination is
required in thetaper, sincework crewswill beinthisarea
during setup and takedown and the potential always
exists that a worker will drift into this area for some
unplanned reason. Leaving the area without minimum
illumination creates an unsafe situation, as workers need
to see abstacles when they move into this area. Also, the
taper iswherethereisthe greatest uncertainty about path,
and driver expectancies will often be violated. Level |
illumination will provide some additiona protection
against impaired drivers, alowing them to see workers

Figure27. Remote areailluminated to Level I.



and avoid this area during setup and takedown. Lighting
need not be required throughout the entire lane closure,
except as required at active work sections (41).

Whether or not the taper should be lit at times other
than setup and takedown depends, in part on the light-
ing characteristics of the sections adjacent to the taper.
The concern here is the possible creation of a transient
adaptation effect. That is, asadriver traversesabrighter
section of roadway, the eye adapts to that illumination
level. Upon going into a darker area, it takes the eye a
short period of time to adapt to the lower level of illu-
mination. During the adaptation period, the visibility of
objectsisreduced. Because, as mentioned, thetaper isa
transitional area for the driver, any situations that pro-
duce reduced visibility should be avoided (42).

* Level Il. Thislevel of illuminance is recommended for
areas on or around construction equipment. This level
of minimum illuminance is necessary both for safety in
operating equipment and for attaining an acceptable
level of accuracy. Asphalt paving, milling, and concrete
placement and removal are examples.

» Leve Ill. This level of illuminance is suggested for
tasks requiring a higher level of visual performance or
for tasks with a higher level of difficulty. Pavement or
structural crack and pothole filling, joint repair, pave-
ment patching and repairs, installation of signal equip-
ment or other electrical or mechanical equipment, and
other tasks involving fine details or intricate parts and
equipment require Level 111 illuminance.

2.9.2 lllumination Criteria

Luminaires should be of sufficient wattage and quantity to
provide an average maintained illuminance equal to or
greater than the following:

o Level I: 59 lux (5 footcandles),
* Level Il: 108 lux (10 footcandles), and
* Level Ill: 215 Iux (20 footcandles).

Although most tasks require maintenance of horizontal illu-
mination, some tasks (such as bridge painting, concrete and
steel repairs on bridges, and work on overhead signs and sign
structures) require that vertical illuminance be maintained.

Horizontal illumination refersto measurements made with
the photocell parallel to the road surface. For purposes of
roadway lighting, the photocell is placed on the pavement.
Vertical illumination refers to measurements made with the
photocell perpendicular to the road surface. Vertica mea
surements require that the direction and the height above
ground be specified. See Tech Note 47.

2.9.3 Paving and Milling Operations

For paving and milling operations, including bridge decks,
New York State requires Level |1 illuminance 15 m (50 ft)
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ahead of and 30 m (100 ft) behind the paving or milling
machine. Although these distances have been found appro-
priate by New York, other distance boundaries may be
acceptable (41).

In addition, New Y ork State recommends Level | illumi-
nance for a minimum of 120 m (400 ft) ahead of and 245 m
(800 ft) behind the paving or milling machine, or for the
entire area of concrete placement or pavement work if less
than thisdistance. Thisareaisextended as necessary to incor-
porate al vehicle and equipment operations associated with
the paving operation. The only exception to the requirement
for Level | illuminance throughout the area of construction
operations is that finish rollers will work beyond the area of
Level | illuminance using floodlights mounted on the roller.
Thisexception is necessary because, given thelength of time
pavement may take to cool, the finish roller may drop farther
than 245 m (800 ft) behind the paver (41).

Inthe night paving project in Figure 28, portablelight tow-
ers throughout the work area provide Level | illumination.
Floodlights on the paver and rollers supplement the towersto
provide Level Il illumination at the paving operation.

The New Jersey DOT has developed specifications to
mount luminaires on paving equipment to achieve Level | and
[1 illumination. The DOT reports good resultswith equi pment-
mounted lighting to meet these levels (43).

2.9.4 Uniformity

The uniformity of illuminance, defined as the ratio of the
average illuminance to the minimum illuminance over the
work area, should not exceed 10:1, with 5:1 being more
desirable (38, 41).

2.9.5 Glare

The eyereactsin two distinct waysto the presence of glare.
Oneresction is described as discomfort glare. Thisreaction is

Figure28. Level | and Il illuminance at a nighttime
paving project.
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measured subjectively and has no direct effect on vision. Dis-
comfort glare may, however, result in fatigue that may have a
deleterious effect on vision. The other reaction of the eye to
glareis referred to as disabling glare. Disabling glare results
from light scatter within the eye that effectively reduces con-
trast and, therefore, visibility of objects. Disabling glare is
mesasured in terms of veiling luminancein units of candelaper
sguare meter. Because the sensation of glare is related to the
adaptation of the eye, the Illuminating Engineering Society
(IES) has set the criteriafor glare in terms of the ratio of veil-
ing luminance to pavement luminance under the assumption
that pavement luminance controls the level of driver adapta-
tion. The IES recommends that veiling luminance be no
greater than a third of average pavement luminance. There-
fore, in well-lit areas where the level of pavement luminance
is high, ahigher level of glare becomestolerable (40, 44).

2.9.5.1 Principlesfor Controlling Glare

Themost direct way to minimize glareistolocatethe lumi-
naire so that the axis of maximum candlepower is located
away from the most critical line of sight of motorists. Critical
lines of sight would include looking at the road ahead, read-
ing signs, and observing directions from flaggers. Three fac-
tors affect the angle between a luminaire’ s beam angle and
the normal lines of sight, and all three factors interact with
each other. These factors are the distance between the viewer
and the luminaire, the height of the luminaire relative to the
observer distance, and the direction in which theluminaireis
aimed. As mounting height is increased, the angle drawn
from the light source to any point on the road surface within
the work area decreases. The greatest candlepower from the
luminaire is thus directed to the work zone, and reduced
candlepower is directed to the travel lanes (38).

2.9.5.2 Methodsto Minimize Glare

At aminimum, the following requirements must be met to
avoid objectionable glare on roadwaysopento trafficin either
direction:

» Tower-mounted luminaires should generally be aimed
either parallel or perpendicular to the roadway.

+ All luminaires should be aimed such that the center of
the beam axisis no greater than 60 deg above the verti-
cal (straight down).

* None of theluminaires should provide aluminousinten-
sity greater than 20,000 candela at an angle of 72 deg
above the vertical (straight down).

Luminaires vary in beam patterns. By selecting a cutoff
luminaire, agreater proportion of candlepower may bedirected
to the work area and glare reduced. (See Tech Note 49.)

Several agencies have reported using a tethered balloon
with a4,000-watt halogen light source to get both portability

and the luminaire height needed to control glare. This tech-
nology is capable of reaching Level Il illumination within
a 20-m (65-ft) radius (see Figure 29). Information may be
obtained at www.airstar-light.com.

In some cases, it may be impossible to control glare with
the physical installation of the luminaireitself. For example,
it may be impossible to get sufficient mounting height given
restrictions on where poles may be located.

Glare aimed at oncoming traffic with shadows and nonuni-
formillumination within thework space may result if portable
light towersarenot fully extended, with the luminairesaimed
at least 30 deg below horizontal (see Figure 30).

Even when the lighting design is very successful in con-
trolling glare, there may be afew locations where glare may
still need to be controlled. In these cases, it may be possible
to mount shields, visors, or louvers on the luminaire itself
or to use glare avoidance screens or barrier walls to protect
workersand motoristsfrom glare. One agency reported using
glare screens of 70-percent shaded cloth or plywood.

Figure29. Light balloons attached to pavers and other
equipment.

Figure30. Glareaimed at oncoming traffic.



2.9.6 Configuration of Lighting System

Existing street and highway lighting may not eliminate the
need for additional lighting of thework zone. Beforethelight-
ing system can be designed and alayout created, the user must
choose among lighting systemsbased on temporary, portable,
or mobile equipment. The choice among these systems is a
function of cogt, efficiency, power requirements, and ability
to satisfy minimum requirements while controlling glare.
Consideration should be given to the amount of illumination
provided by existing fixed lighting in determining the wattage,
guantity, or both of lights to be provided. Whenever existing
fixed lighting is contributing to the work zone lighting, this
contribution must be included in the lighting plan.

2.9.6.1 Temporary Systems

Temporary systems are used to light an entire work zone
area. They useexisting or temporary polesto mount luminaires.
Temporary systemsallow luminairesto be uniformly spaced at
relatively high mounting heightsthat result in auniform light-
ing with low glare. This type of system may be cost-effective
when it is to supplement an existing fixed lighting system,
when the work activity will last asignificant period, or both.

2.9.6.2 Portable Systems

Portable systemsintegrate the luminaire, power supply, and
pole into one fixture that can easily be moved from one loca
tion to another. Portable systems may consist of either ground-
mounted or trailer-mounted light towers. Portable trailer-
mounted light towers can be easily transported throughout the
project (see Figure 31), aswell as easily raised into position
at the work site (see Figure 32). Light towers may also be
affixed to paving machines, finishing machines, and milling
machines. Although easy to operate and maintain, these sys-
tems often provide more light than needed, which reduces
their cost-effectiveness. Spacing and positioning of these
devices typicaly results in very nonuniform illumination,
which, together with the low mounting height, often results
in asevere glare hazard.

If these systems are the primary means of illumination,
they are required to provide Level | illuminance throughout
thework area. They must then be supplemented as necessary
by equipment-based systemsto provide Level Il and 111 illu-
minance where it is needed.

2.9.7 Mobile Equipment-Based Systems

M obile equipment-mounted systems generally do not con-
form to any criteria that may be used to calculate expected
illuminance levels. As such, they should not be relied upon
for the primary lighting for areas or tasks requiring Level
or 1 lighting. All construction equipment—including rollers,
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Figure31. Portable trailer-mounted light tower being
transported throughout the project.

backhoes, loaders, and other equipment—operating in work
areas not illuminated to a minimum of Level | illuminance
must be equipped with floodlights that provide a minimum of
1 fc (10.8 lux). Construction equipment that operates solely
inareasilluminated by tower lighting that meetsthe minimum
lighting requirements do not reguire floodlights (41).

When being driven beyond a lighted work area, slow-
moving equipment, such as pavers and milling machines,
requireaminimum of 1 fc (10.8 lux) for adistanceupto5m
(15 ft) in the direction of travel. Fast-moving equipment—
such asbackhoes, loaders, motor graders, or rollers—requires
this level of illuminance for up to 20 m (65 ft) in the direc-
tion of travel. These requirements do not replace the mini-
mum illuminance requirement for each specific task (38).

2.9.7.1 Supplemental Lighting

Equipment-mounted systems may al so be advantageousto
increase the level of lighting from Level | to Level Il or |1l
(see Figure 33). lllumination immediately in front of and
behind a paver is often improved by this type of lighting.
Also, a supplemental luminaire may be mounted on a vehi-
cle and moved from joint to joint in pavement repair opera-
tionsto increase illumination to Level Il or I11.

2.9.7.2 Mounting

Suitable brackets and hardware must be provided to mount
lighting fixtures and generators on machines and equipment.
Mountings should be designed so that light fixtures can be
aimed and positioned as necessary to reduce glare and provide
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Figure32. Portable trailer-mounted light tower raised
into position at the work site.

the required illuminance. Mounting brackets and fixtures
should not interfere with the equipment operator or any over-
head structures and must provide for secure connection of the
fixtures with minimum vibration.

2.9.7.3 Headlights

Whether or not floodlights are provided, all construction
equipment must be equipped with conventional vehicle head-
lightsto permit safe movement in nonilluminated areas. Head-
lights should not be permitted as the sole means of illumina
tion while working.

2.9.7.4 Advantages

Equipment-mounted lighting may offer anumber of advan-
tages when compared with area floodlighting (38). These
advantages include the following:

Figure33. Supplemental flood lights mounted on
equipment.

» There can be high-intensity illumination on the work
plane.

 The positioning of lights between operator and task elim-
inates shade.

* The operator can adjust light to direct high-intensity
illumination where needed.

* The rate of nighttime work can approach the daytime
rate.

» The equipment can be operated independently of gen-
era illumination.

* The possibility of general shutdown of work due to
failure of lighting and power-generating equipment is
minimized.

» The need for equipment such as floodlighting trailers
and generators is minimized, thus eliminating time and
labor spent in transporting and erecting such equipment.

2.9.8 Lighting Equipment

Guidelinesfor the selection of lighting equipment to meet
the photometric requirements of aproject arediscussedinthe
final report of NCHRP Project 5-13 (38) and are not covered
indetail here. Lighting equipment includestheluminaire; the
lamps that it houses; and the poles, mast arms, wiring, and
other hardware necessary for installation. Knowledge of the
fundamental characteristics of lighting equipment and the
photometric characteristics that result is essential for success
in designing any lighting system. Prior to designing any sys-
tem, representatives of equipment manufacturers should be
contacted to obtain the most recent information concerning
current products and their photometric output (38).

2.9.8.1 Fud

The fuel tank capacity and the availability of fuel on-site
must be sufficient to permit uninterrupted operation of all
portable generators used to furnish adequate AC power to
operate all required lighting equipment throughout the com-
plete night shift.



2.9.8.2 Electrical

Adequate switches must be provided to control the various
lights. All wiring must be weatherproof and installed accord-
ingtolocal, state, federal, and OSHA requirements. All power
sources must be equipped with a ground-fault circuit inter-
rupter to prevent electrical shock.

2.9.9 Photometrics

Photometric characteristics are largely determined by the
luminaire. Some type of cutoff luminaire is highly recom-
mended to shield the light source above some minimum verti-
cal angle and, therefore, reduce glare, athough there may be
situationswhereit isnot essential. A brief discussion of photo-
metrics and measurement methodsis given in Tech Note 50.

2.9.10 Lighting Design Process

A procedure for developing alighting plan for night con-
struction isillustrated using the project represented in Figure
NWTA-7 in Appendix A.

2.9.10.1 Example Problem

The work area is a four-lane highway with 12-ft (3.6-m)
lanes, 6-ft (1.8-m) shoulders, and no median. The construction
consistsof joint removal and replacement in a1,000-ft (305-m)
section of concrete pavement on the two northbound lanes
(shown by the shaded region in NWTA-7). The operation will
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consist of several sequentia steps that will progress simulta
neoudy fromjoint tojoint, including (1) sawcutting the areato
be removed, (2) removing existing material, (3) preparing sub-
base and concrete surfaces, (4) placing and finishing new con-
crete, and (5) sawcutting and sealing new joint. Guardrail has
been installed on the outside of the shoulders because of the
steep embankments on both sides of the roadway, whichwould
not be suitable for ingtalling temporary lighting. Therefore, the
placement of the light towers is restricted to the shoulders or
the travel lanes within the work area

2.9.10.2 Example Solution

In most cases, especialy if the contractor has done night
construction before, the design process will consist of tailor-
ing lighting equipment that the contractor owns or has rented
to the new work area. This tailoring includes adjusting the
height, spacing, tilt, and fixture locations to meet the illumi-
nation and glare requirements discussed in Sections 2.9.1 and
2.9.5. For this example, it is assumed that the contractor
already owns portable light towers that can adjust from 12 ft
to 30 ft in height with 1,000-watt, metal-halide lamps
(MH1000) and a National Electricd Manufacturers Associa
tion (NEMA) 6 beam spread. A set of | soFootcandle diagrams
for different height and aiming combinations of the MH1000
are also available to the contractor. These diagrams, which
exist for different lamp types, beam spreads, heights, and tilt,
can usualy be obtained from the lamp manufacturer (see Fig-
ure 34).

The following steps illustrate the procedure used to deter-
mine the number of light towers required, their location, the
number of lamps per tower, and their height and aiming.

MH1000 Light, NEMA 6, 30 Feet High, Aimed 45 Deg. from Horizontal

IsoFootcandle Diagram
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Figure34. |soFootcandle diagram.
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2.9.10.3 Identify the Recommended
Lighting Levels

Joint removal and replacement is an activity that requires
avisual task of small sizes. According to Tech Note Table 3,
at least 20 fc should be provided at the joint locations during
concrete placement, finishing, and cutting of the new joints.
The remainder of the 1,000-ft section should be lighted with
5 fc for worker movement and general safety. Road closures
and tapers should also be illuminated with 5 fc for worker
safety during setup and takedown and for aiding driverswho
may be uncertain of which path to take.

2.9.10.4 Assessthe Work Zone
and Surrounding Area
and Select Possible Tower Locations

Asthe problem states, guardrail has been installed outside
of each shoulder because of the steep banks on both sides of
the roadway. With thisrestraint, along with the suggestionin
Section 2.9.5 to aim the lights either parallel or perpendicu-
lar to the direction of motorist travel, there are three plausi-
ble locations for the towers: (1) on the right shoulder aimed
perpendicular, parallel, or both to the travel lanes; (2) on the
left shoulder aimed perpendicular to the travel lanes; or (3)
within the two closed lanes on the upper and lower boundary
of the 1,000-ft concrete section and aimed parallel to the
direction of travel.

Light towers on the left shoulder would have to project
over alarge distance because they are located far away from
the work area. Towers within the lanes aimed parallel to the
motorist travel not only would have to project over alarge
distance, but also may get in the way of workers and equip-
ment. Therefore, the most desirable location would appear to
be the right shoulder. If lights on the right shoulder alone do
not meet the illumination requirements, the other locations
may need to be used. Towers on the right shoulder should
also be sufficient for lighting the road closures and tapers.

2.9.10.5 Determine the Mounting Height
and Aiming Points

Most portable light towers have an adjustable mounting
height ranging from about 12 ft to 30 ft and lights that can be
aimed at any angle (ranging from O deg to 90 deg from the
horizontal). The IsoFootcandle diagrams discussed earlier
should be used to choose the right combination of height and
tilt. The diagrams show two common patterns: (1) for agiven
lamp size and tilt, the horizontal illumination will increase as
the mounting height decreases and (2) for agiven lamp size
and height, the maximum horizontal illumination observed
increases as the angle from the horizontal increases.

Because the light towers will be on the right shoulder—
aimed perpendicular, parallel, or both to the travel lanes—a

height and aiming combination should be chosen that will
provide at least 5 fc in the area up to 24 ft from the base of
thetower (thisprovision ensuresthat 5 fc of illumination will
cover both lanes of the work area). For the road closure and
taper, a height-aiming combination is needed that will also
provide at least 5 fc at the proper spots.

A review of numerous IsoFootcandle diagrams for the
MHZ1000 indicates that a 30-ft height with one lamp aimed
45 deg from horizontal will provide 5 fc out to 50 ft from the
base of the tower in the direction that the center of the beam
is pointed (see Figure 35). For practical purposes, multiple
lamps are usually mounted on each tower and are aimed in
different directions. This placement allows an increased tower
spacing while still providing the proper illumination. For
example, if three MH1000 lamps are mounted on a tower,
each aimed 45 deg from horizontal with one pointed perpen-
dicular and two pointed parallel in opposing directions, the
IsoFootcandle diagrams can be overlaid to show that the
tower will have a50-ft radius of at least 5 fc and a60-ft radius
of at least 2.5 fc (see Figure 35).

2.9.10.6 Choose Tower Locations on the Basis
of Soacing and Check Design for Glare

To locate theindividua tower locations, the final | soFoot-
candle diagram of the three MH1000 lampsin Figure 35 was
overlaid onto thework area (see Figure 36). It wasdetermined
that a 110-ft spacing between towers would provide the 5 fc
at all spotsrequired for worker movement and general safety.
A portable system with two MH1000 lamps, mounted 30 ft
high, pointed perpendicular to the travel lanes and aimed
60 deg below the horizontal, should move along with the
work crew and be placed on the right shoulder at each joint
to provide the required 20 fc for the joint replacement task.
Alternatively, a balloon luminaire (shown in Figure 29)
could be used to provide the additional lighting at the joints.
Also, as Figures 35 and 36 confirm, one tower, placed on the
right shoulder directly across from aroad closure and taper,
with three MH1000 lamps mounted at 30 ft and aimed the
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Figure35. Overlaying IsoFootcandle diagrams for three
MHZ21000 lamps to obtain a 50-ft radius of 5 fc and a 60-ft
radius of 2.5 fc.
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Figure36. Final tower locations for the work area and the upstream and downstream lane tapers and closures.

same as in the work area, should provide the recommended lights should be aimed either perpendicular or parallel
5 fc at these locations. Therefore, the lighting plan consists to the travel lanes.
of 14 towers (nine stationary and one portablewithin thework * All luminaires should be aimed such that the center of
area, one at each lane closure and one at each lane shift). the beam axis is no greater than 60 deg from vertical.
Thefinal step of the design procedureisto check thelight- The center of the beam axis should be aimed either
ing design against the requirements listed in Sections 2.9.1 45 deg or 30 deg from vertical for all towers in the
and 2.9.5 to avoid objectionable glare to drivers. These lighting plan.
requirements are reviewed below with regardsto thelighting + None of theluminaires should provide aluminousinten-
design example: sity greater than 20,000 cd at an angle of 72 deg above
the vertical. Because the center-of-beam axes are only
+ Tower-mounted luminaires should be aimed either par- 45 deg and 30 deg from vertical, meeting this require-

allel or perpendicular to the roadway. All of the mounted ment should not be a problem.
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CHAPTER 3

IMPLEMENTATION AND OPERATION OF NIGHTTIME TRAFFIC CONTROL

3.1 OPERATIONAL PLAN

Night construction and maintenance activities are fre-
guently more complex and more difficult to manage than nor-
mal daytime operations are. Factors affecting night work are
discussed in“ Assessment Procedures,” Section 1D of NCHRP
Report 475 (2). To ensure the safety and operational success
of night road work operations, detailed advance planning to
address those factors is essential, whether the work is to be
performed by a contractor under the supervision of a high-
way agency or the work is to be performed by the highway
agency’s own maintenance forces. This section discusses
planning for the actual conduct of night road work opera-
tions. Although the procedures involved in preparing and
reviewing the plan will differ considerably between opera-
tions conducted by contractors and operations conducted by
agency maintenance staff, the basic elements of the plans
need to be similar in most respects.

To ensure that adequate planning is done to address all of
the factors potentially involved, some agencies require con-
tractorsto submit awritten plan prior to the start of work, and
work cannot begin until the plan has been reviewed by agency
staff. For all except very simple projects, this procedure is
strongly recommended for night construction to be performed
by contract. Although the complexity of the plan can be sm-
plified somewhat if the work is to be performed by agency
staff, a written operational plan must still be developed to
ensure that all of the involved factors have been considered
and that adequate resources and procedures will be in place
to address them.

If prepared by the contractor, the plan should be submitted
sufficiently in advance of the planned start of night road work
to permit agency review and revision if necessary. Although
a shorter review period may be necessary for emergency or
urgent projects, a requirement for at least 30 days advance
submission isreasonablefor normal projects. However, agen-
cieswill need to adjust the submission date to suit the needs
of individual projects and the internal procedures of the
agency. Even when the work is to be performed by agency
staff, an adequate planning and review period should be pro-
vided to ensure that an acceptable plan is devel oped.

The plan should detail all aspects of the traffic control
setup: lighting plans; the functions, responsibilities, and iden-
tities of the traffic control supervisor and crew; and other

details as necessary. The plan should also include a contin-
gency plan identifying foreseeable problems and emergen-
cies that may arise and the approach that will be used to
address them. To accommodate actual conditions on the proj-
ect, the plan should be revised and updated by the contractor,
as necessary, during the progress of the work.

When the work is to be performed by contract, the speci-
fications should identify specific requirements for the con-
tractor to include in the development of an operational plan.
The agency may also need to develop certain portions of the
operational plan and include them as contract provisions. The
sections that follow discuss specific elements of the opera-
tional plan. Although many of these elements apply to most
projects, they are not universal. To reduce costs and needless
complexities, the contract plans and specifications should be
subjected to a final review to ensure that all essential ele-
ments have been included and that nonapplicable elements
have been excluded.

3.1.1 Work Crew Staffing Plan

A critical element of the operational plan is planning for
adequate staffing to perform the work under nighttime con-
ditions. Especially important is assurance that adequate lev-
els of staffing can be obtained for night shifts. Although
staffing for work tasks may be similar to daytime operations,
added staff may be needed to address the more complex traf-
fic control operations and lighting operations.

3.1.1.1 Traffic Control Crew

A full-timetraffic control supervisor—with adequatetrain-
ing, experience, and authority to implement and maintain all
traffic control operations—should be assigned for nighttime
operations. The traffic control supervisor should be assisted
by a full-time traffic control crew equipped with a suitable
vehicleor vehiclesand amobile communications system con-
sisting of radios or cellular phones. The duties and responsi-
bilities of the traffic control supervisor should beincludedin
the plan of nighttime operations. During setup and removal
of traffic control devices, the traffic control supervisor and
crew should be assisted by additional workers as necessary.



To ensure that qualified staff will be available to conduct
the traffic control operations, this staffing should be specifi-
cally addressed in the plan. For projects involving extensive
traffic control operations, a qualified traffic control supervi-
sor is essential. The qualifications should be specified in the
operational plan. Suitable qualifications may consist of a
combination of experience and training, such as certification
through nationally recognized work zone training programs.
The makeup of thetraffic control crew should a so be addressed
in the plan. For projects with extensive traffic operations, it
may be necessary to assign afull-timetraffic control crew con-
sisting of the supervisor plus any additional staff required to
meet the demands of the particular project. In addition to set-
ting up, removing, and maintai ning thetraffic control devices
throughout the night, staff will also be needed to set up, oper-
ate, and maintain the lighting equipment.

3.1.1.2 Flaggers

Flagging operations are always a critical traffic control
task, made even more difficult at night. If the TCP includes
flagging operations, the operational plan should addresstrain-
ing, qualifications, and equipment of flaggers. It may also be
worthwhile to require specific levels of flagger training or
certification to ensure high competence.

3.1.2 Worker Training

Because night work places added demands on workers
and exposes them to greater risks than daytime work does,
additional training may be needed to ensure that workersare
prepared to meet the added demands of working at night. All
workers on night projects need to be made aware of the spe-
cial risks inherent in night work, along with the safeguards
and procedures to be followed on the project to compensate
for theserisks. To ensure that training needs associated with
night work areidentified and addressed, the operational plan
should include a discussion of training as it relates to the
specific project. Worker training is discussed at length in
Section 2.8.

One agency requires workers to fill out a death-related
information form when hired and to haveit updated every six
months. Information includes who is to be told of the death,
who should do the telling, and where the body should be
taken. The form, which reminds workers of the hazards of
night work and the seriousness of their safety responsibili-
ties, iskept on site in case aworker dies.

Another agency treats night work operations as amission.
During a “tailgate session” at the beginning of each night’s
operation, the goals of the mission are stressed, with empha-
sis on safety and the warning that, if careless, workers may
not come back.
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3.1.3 Project Site Patrol

The proper maintenance of traffic control devicesis most
critical at night. Devicesaremorelikely to be subject to dam-
age and disruption by impaired drivers. In addition, project
staff conducting daytime reviews may have difficulty notic-
ing devices that have had their reflectivity damaged. Factors
such asthese reinforce the need for project staff to frequently
patrol the entire project at night to ensure that all devicesand
safety features are in good order, making adjustments and
changes as needed. Plans for addressing this function should
be included in the operational plan. For projects with com-
plex TCPs, the agency should consider requiring a constant
site patrol by the contractor or, if the work is performed by
the agency’ s maintenance staff, providing a crew to perform
this function.

3.1.4 Material Availability

Access to concrete and asphalt products and other con-
struction materials used on the project may be more difficult
to obtain at night, especially at sites away from large metro-
politan areas. Specific arrangementsto obtain materials need
to be addressed in the operational plan. This concern affects
not only construction materials, but also other supplies, such
asfuel for equipment, repair parts, and other supplies neces-
sary to support the operation. Availability of specialized con-
struction equipment, such as cranes, and repairsto all equip-
ment may also be more difficult at night. The operational
plan should thus specify how construction equipment will be
obtained and repaired during night hours if materia avail-
ability isafactor in completing the work.

3.1.5 Setup and Takedown Procedures

Section 3.3.5 discusses procedures for the setup and take-
down of traffic control devices requiring nightly changes. It
isimportant for these procedures to be specified in the oper-
ational planin specific termsfor the project. Ensuring that the
traffic control measures are safely and efficiently installed
and removed is essential. It is equally important to ensure
that adequate staff and time are allowed to complete removal
of the setup at the end of the night operations. Slow removal
of lane closures or other temporary traffic patterns may have
an extremely disruptive effect as traffic volumes increase
into the morning peak.

Equipment breakdowns, material delivery disruption, traf-
fic interruptions, and other unplanned or unexpected events
occur from timeto time during construction and maintenance
operations. During daytime, these events may result in loss
of productivity and traffic delays. At night, three things are
different. First, lighting ismore critical for effective and safe
traffic control and being able to do the work. If the lights go
out, traffic may experience difficulty, and the work will slow
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or stop. Second, it is often more difficult to obtain repairs at
night, so a simple breakdown creates a greater problem.
Third, night traffic patterns must normally be cleared before
the onset of morning rush hour. If a breakdown results in
delays, the result may be a massive traffic delay. These spe-
cial night problems may affect the ability to complete an
operation and restore the normal traffic pattern at the end of
the night work period.

3.1.6 Overhead Power Lines

Contact with overhead power lines constitutes a potential
hazard during any construction operation. During night oper-
ations, reduced visibility and worker fatigue combineto make
this hazard more acute than during normal operations. It is
not necessary to physically contact electrical transmission
lines to expose workers to electrical shock, because high-
voltage electrical currents can arc several feet to metal con-
struction equipment or other conductors. Increased humidity
frequently encountered during night hours may increase the
tendency for arcing to occur.

Operations especially likely to entail risks of power line
contactsinclude (1) paving and other operations using dump
trucks; (2) excavation using backhoes or other equipment
with raised booms; and (3) any operations using cranes, pile
drivers, or similar equipment. Whenever possible, power lines
should be rerouted away from the work space or deenergized
during work hours to remove the risk of electrical contact.
When these options are not possible, one or more of the fol-
lowing procedures should be followed:

+ Use dternative work methods that do not entail the use
of cranes and dump trucks. For example, forklifts may
be substituted for cranes for some material handling
operations, and trailers with augers can be substituted
for dump trucks to haul paving materials.

+ Maintain specific clearance distances from live power
lines as required in OSHA Regulations 29 CFR 1926,
Subparts N (Cranes) and O (Other Equipment). Clear-
ances between lines and equipment are a minimum of 3
m (10 ft) and increase with line voltages above 50 kV .

+ Assign dedicated spotters to warn drivers and operators
of encroachments into safety zones around overhead
lines.

» Perform vertical utility clearance checks prior to the
start of work and aswork progresses. Mark the location
of overhead power lines on the ground to draw attention
to them. (See Tech Note 51.)

+ Make use of available devices to prevent and limit the
effects of contact with an energized line. Such devices
include
— Nonconductive, handheld controls on vehicles with

truck-mounted cranes and other boom-mounted
equipment;

— Boom-insulating equipment;

— Magnetic and electric field detection deviceson booms
to warn operators of encroachment on an energized
line;

— Nonconductive slings and rigging; and

— Isolated hook-block assemblies.

* Prohibit the storage of materials and equipment in the
vicinity of overhead power lines.

+ Establish and strictly enforce a rule prohibiting dump
trucksfrom moving with the box raised unless under the
direct control of a spotter.

The portable sign in Figure 37, equipped with warning
light, alerts workers to an overhead power line during night
operations.

3.1.7 Emergencies and Contingencies

To ensure that unplanned events such as those described
abovedo not result in severe disruptions or unacceptablerisks
to workers and traffic, it is important to identify potential
emergencies and disruptions in the operation plan and to
develop contingency plans to mitigate their impact. Typical
events that may have to be addressed include breakdown of
critical equipment, such as a paver or batch plant; failure of
lighting equipment; breakdown of vehiclesin restricted travel
lanes; unexpectedly high traffic volumes; and traffic acci-
dents. Specific means to respond to these various situations
should be included in the plan.

3.1.7.1 System Repairs

The operational plan should provide for stocking spare
parts for equipment on or near the project and maintaining
spare lighting equipment. It is also important to ensure that
replacement parts are available for al traffic control items
and other safety featuresthat are critical at night. These parts

Figure 37. Portable sign with warning light.



would include signs, barricades, parts for CM Ss, arrow pan-
els, crash cushions, TMAS, portable barriers, barricades, and
arrestor nets. For example, replacement partsfor arrestor nets
should be readily available on the project to expedite repairs
if an impact occurs. Impacts on the system result in damage
to the energy-absorbing units, and replacement isrequired to
placethe net back into service. Similarly, spare signs, lamps,
batteries, and so forth may be needed to maintain other traf-
fic control items.

3.1.7.2 Response to Emergencies

When vehicle breakdowns or minor accidents severely
impedetraffic, it may be appropriateto provide for tow trucks
or motorist assistance vehicles at the project. Maintaining a
supply of emergency flares on the project should also be con-
sidered for use in slowing and controlling traffic in emer-
gency situations where the normal traffic controls cannot be
quickly adjusted to meet an unplanned situation. However,
the flares must be stored and used in areas that are not afire
hazard.

3.1.7.3 Mesting the Schedule

In spite of emergencies or unexpected contingencies, it is
usually critical that the work be completed and that the facil-
ity be reopened to traffic by the contract-specified time that
reflects the expected morning rush hour. Therefore, there can
be very little tolerance for late openings. Owner agencies
have limited choices:

+ They can specify an early completion timein hopesthat
even if the contractor fails to meet the specified time,
there is enough leeway to avoid congestion.

» They can give the contractor the latest completion time
and then assess liquidated damages equal to the expected
public damages for late opening.

+ They can impose other nonmonetary disincentives.

Shorter work windows, disincentives, and liquidated dam-
ages are poor alternativesto prompt reopening. Therefore, to
avoid these negatives, critical milestones or intermediate pro-
duction goals with completion times need to be identified as
apart of the work plan. These completion times must reflect
the operational restrictions discussed in Section 3.3 and the
time required for setup or curing of seals and road surfaces.
These milestones then become the bridge between the oper-
ationa plan and the contingency plan. If production lags or
emergencies occur and these milestones are not being met,
early corrective actions need to be taken that will ensure
timely reopening.
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3.2 OWNER AGENCY INSPECTION
AND OVERSIGHT

In addition to technical issues associated with traffic con-
trol and performance of the construction activities during
night hours, nighttime construction also entails specific con-
cerns relative to inspection and oversight of the work by the
owner agency. These concernsinclude issues related to pro-
viding adequate inspection staff at night, maintaining contact
with agency support staff, and addressing other administra-
tive concerns that either are unique to night work or become
heightened when working at night.

The following sections identify a number of these con-
cerns and provide guidelines for addressing them.

3.2.1 Inspection Staffing Plan

Just asfor daytime construction, obtaining quality work at
night requires adequate inspection of the contractors' opera-
tion by the owner agency or itsrepresentative. Consideration
of the following points will help to ensure that adequate
inspection is available.

3.2.1.1 Determine Inspection Needs

Night construction may result in different inspection staffing
requirements than normal daytime work for several reasons.
In some cases, project operations may be split between day-
time and nighttime operations, thus requiring some degree of
duplication of staff between day and night. While traditional
staffing patterns may be equally applicableat night, it isessen-
tial to evaluate the specific work tasks that will be underway
and estimate inspection staff needs based on that evaluation.
If daytime activities are also underway, total staff require-
ments may be greater than for a comparable daytime-only
project. However, the duration of the night-related staff
assignment will typically be shorter.

3.2.1.2 Consider Saff Availability

Obtaining qualified inspection staff willing and available
to work at night may be difficult. Unless a sizable pay dif-
ferential is offered for night work, most workers prefer to
work days to coincide with normal family and social pat-
terns. To ensure that adequate staff will be available when
night work begins, advance planning is essential.

To the extent possible, night staff should be recruited on a
voluntary basis. Offering a shift differential will typically
encourage workers to work at night. It is essential to exam-
ine agency and union work rulesrelative to changesin work
shifts, overtimeand pay differentials, worker assignments, and
other related issues. Identifying such issueswell in advanceis
important to avoid last-minute staffing problems.
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In addition to providing adequate staff for the planned
level of activity, it isimportant to identify additional staff
who will be available for night reassignment on short notice.
These staff memberswill be needed to address contingencies
such as illnesses, vacations, and reassignment requests by
inspectors who do not adjust to night work.

3.2.1.3 Project Supervisory Saff

Depending on the nature of the project work, it may be
necessary to provide an agency project supervisor (project
engineer or resident engineer) both at night aswell as during
the day. The nature of the specific tasks should be carefully
examined to determine when the project engineer will work
and how to provide supervision when the project engineer is
not on duty. Although it may be acceptable for the project
engineer to be present on the project only occasionaly dur-
ing the shift normally not worked, frequent shift changes
may lead to fatigue, loss of effectiveness and, in extreme
cases, even health problems.

If significant work isunderway during more than one shift,
aqualified chief inspector or assistant project engineer should
be designated for the shift not worked by the project engineer.
Methods will be needed to maintain contact between the two
shifts. These include overlapping between shifts so the day
and night supervisors can have some contact, maintaining an
on-call system for the project engineer when not on duty,
using pagers and telephone as needed, leaving messages from
day to night and night to day, and so forth.

3.2.1.4 Traffic Control Inspector

A key inspection task for night construction involves the
traffic control operation. A qualified and experienced inspec-
tor totally familiar with traffic control operations should be
assigned to thistask. Depending on the complexity of the con-
struction and traffic control operations, this assignment may
be handled by the project engineer or another senior inspec-
tor. However, on complex projects, this should be afull-time
assignment, requiring an inspector dedicated to the inspec-
tion of traffic control and related items.

3.2.2 Administrative and Technical Oversight
and Supervision

In addition to project inspection staff, access to other
owner agency staff is essential for field staff assigned to the
night work. Technical staff who may be needed to provide
support to the project staff include individual swith expertise
in materials, soils, structures, design, traffic engineering, and
other technical specidlties. In addition, administrative support
staff such as budget and finance, legal, personnel, and others
may need to be contacted by field staff. Finally, upper-level

construction management staff not assigned to field positions
need to maintain contact with and provide supervision to the
field staff.

Most agency staff assigned to the district or central offices
work normal daytime shifts and must normally remain on
those hours to be accessible for routine functions and other
projects not working at night. At the sametime, itis essential
for such staff to be accessible to staff on the night project,
especialy when problems that need resolution occur during
the night shift. In addition, routine supervision and technical
oversight must be provided.

Advance planning is essential to ensure that adequate sup-
port and supervision will be available, both on a continuing
basis and for response to problems and emergencies that
occur. This planning may entail assigning a portion of the
support staff to work adjusted hours, possibly on a rotating
schedule. In some cases, it may be necessary to assign some
staff to on-call status such that appropriate response can be
provided to address project needs during night hours. This
step may entail providing pagersto staff who are on call dur-
ing night hours.

Regardless of the procedure selected, it is essential to pro-
videfield staff assigned to night work with acurrent roster of
support and management staff, including after-hours phone
numbers and pager numbers.

3.2.3 Trial Run of Night Procedures

Night work often entails, on anightly basis, extensive mobi-
lization of traffic control devices, construction equipment, and
workers, followed by demabilization at the end of the shift.
Frequently, both the traffic control and the construction oper-
ationsarevery complex, and thetwo operations must be staged
in the proper sequence to maximize efficiency and safety.
Because of the large hourly cost for workers and equipment
and the need to order materials in advance, contractors typi-
cally exert pressureto begin work as soon aspossibleto reduce
costs, minimize material waste, and achieve maximum pro-
ductivity during the hours available. In some cases, this may
result in a conflict between proper deployment of the TCP
and start of the construction operations.

3.2.3.1 Scheduling a Dry Run

To avoid this potential conflict, it is often desirable to con-
duct a dry run of the traffic control setup prior to the actua
start of the construction activity. By scheduling thedry runthe
night before work actually begins, the contractor is not faced
with workers and equipment standing idle while needed
adjustments are made in the traffic control or lighting plan.
Scheduling adry run provides an ampl e opportunity to adjust
temporary lighting and placement of the traffic control devices.
It also provides an opportunity to determinethetimerequired
to deploy and remove the traffic control setup. Based on this



time requirement, the actual work operation, including arrival
of materials, can be scheduled to fit within the time slot actu-
ally alowed for roadway occupancy.

3.2.3.2 Initial Adjustments

A dry run also provides an opportunity to obtain and add
lighting fixtures, to obtain required illumination levels, and
to make adjustments, if needed, to reduce glare. Based on the
traffic responseto thetraffic control setup, it may also be nec-
essary to adjust various elements, such as taper length and
location, channelizing device spacing, or other traffic control
devices. It is preferable to compl ete such adjustments before
workers and equipment are present on the roadway.

3.2.3.3. Contract Requirements

To avoid misunderstandings with the contractor, require-
ments for the dry run should be spelled out in the contract
documents and discussed with the contractor during devel-
opment of the operational plan. For projects entailing mini-
mal traffic control setups, especialy if trafficislight, afor-
mal dry run may not berequired. However, it istill essential
to carefully inspect the setup and temporary lighting equip-
ment the first night of operation to ensure that it meets all
contract requirements and adequately addresses traffic needs.
If needed, any adjustments should be made prior to the start
of work.

3.2.4 Inspection and Maintenance of Lighting

The development of alighting plan and the installation of
the lighting system are discussed in Section 3.4. Inspection
and maintenance of thelighting system are essential to ensure
that the lighting requirements are met, that glareis not a prob-
lem for drivers or workers, and that lighting intensity and uni-
formity are adequateto ensure that the work can be completed
in aproper manner and meet the contract specifications.

Lighting inspection should include (1) instrument mea-
surements to determine illumination levels and uniformity,
(2) subjective observation of the lighting setup to evaluate
glare potential for drivers and workers, and (3) a physical
check of the lighting equipment to ensure that it complies
with the specification requirements included in the contrac-
tor’slighting plan.

Proper operation and maintenance of the lighting system
isequally important to good design. The contractor must pro-
vide sufficient fuel, spare lamps, generators, and qualified
personnel to ensure that all required lights will operate con-
tinuously during nighttime operation. Inthe event of any fail-
ure of the lighting system, the operation should be discontin-
ued until the required level of illumination is restored.
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3.2.4.1 Scheduled Maintenance

Scheduled maintenance is the most effective way to deal
with problems of equipment aging and exposure to dirt and
the effects of weather. This maintenance may entail cleaning
of lamps and luminaires and a check of critical components
in both power systems and lighting equipment on a sched-
uled basis. Group relamping is one procedure that has been
shown to be highly effectivein maintaining performance and
reducing costs. Scheduled maintenance should be addressed
in the lighting plan.

3.2.4.2 Emergency Maintenance

Demand or emergency maintenanceistypically dictated by
problems reported, such asflickering lamps, outages, unusual
color, blown fuses, etc. Procedures for dealing with these
problemsaretypically addressed by manufacturers’ trouble-
shooting literature. Otherwise, a qualified electrician may be
needed. Emergency maintenance should be addressed in the
lighting plan.

3.2.4.3 SQubjective Evaluation

Beyond scheduled and emergency maintenance, there must
be some means of identifying problems associated with glare
and inadequate illumination before an emergency occurs.
Two types of inspections are recommended. Both of these
inspections should be completed on the first night before
work begins and also at regular intervals throughout the job.
One inspection, to be performed nightly, is a subjective eval-
uation of the lighting from the perspective of the worker and
the driver. This ingpection should isolate any problems with
glare that may arise, as well as any areas that may seem to
have inadequate light. M ost demand or emergency conditions
would be spotted at the same time. The site drive-through to
check for glare from the driver’s perspective can be accom-
plished along with the visual inspection of all traffic control
devices.

3.2.4.4 Lighting Measurements

A second inspection is needed to obtain measurements of
horizonta illumination. A uniform pattern of measurements
should be made every 6-10 ft throughout the work area. The
lighting plan should be annotated to show the approximate
location where readings are to be taken, along with the mini-
mum acceptable valuein footcandles or lux. Readings obtained
onthefirst night should be analyzed for problemsand recorded
as abaseline agai nst which future measurements may be com-
pared. Readings obtained the first night that do not conform
to the design specifications should be investigated, and the
lighting plan should be modified to bring these readings up
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to specification. An investigation should also be initiated
whenever subsequent readings fall significantly below the
baseline readings. Thisinvestigation may indicatethat lamps
need to be replaced, that there is a power supply problem, or
that perhaps some equipment has been moved or reoriented.
(See Tech Note 52.)

3.2.5 Accident Monitoring

Compiling and analyzing data from accidents that occur
during night work provide important insights with regard to
adjustments of TCPs. When compiled on an agencywide or
evenwider basis, accident dataare extremely helpful in eval-
uating the effectiveness of traffic control guidelinesand pro-
cedures and in making decisions concerning when to use
night work.

3.2.5.1 Accident Data

A critical shortcoming of traditional accident reporting pro-
ceduresisthat they often fail to relate accidents to the details
of theroad geometry or thetemporary traffic controls. In addi-
tion, several months may be required for the police reportsto
filter back to the highway agency. In 1998, the FHWA initi-
ated a study to compile work zone accident data, and this
study will hopefully provide important information concern-
ing accident experience on nighttime projects.

3.2.5.2 Accident Reporting

Because both contractor personnel and owner agency
inspection staff are present during night work, project staff
are amost always on the scene and aware of traffic accidents
directly involving the temporary traffic pattern. In addition,
police officersare frequently assigned to the night work. This
combined presence generally makes it possible to compile
basi ¢ information concerning traffic accidentswithin the proj-
ect during work hours at the time they occur. Combined with
followup inquiries to the investigating police agency when
necessary, it is usually possible to obtain timely reports on
these accidents.

3.2.5.3 Accident Analysis

When accident reports are obtained, analysis must be per-
formed by qualified staff to determine whether thetemporary
traffic controls or work operations may have contributed to
the accident or its severity. If indicated, changes should be
considered in the traffic controls or in the work procedures.
Accidents, by their very nature, are rare events, and single or
limited numbers of accidents that occur on a single project
often do not establish a trend or identify areas of concern.

However, when accident data are compiled for a number of
projects, especially over more than one year, a sufficiently
large database may result in the identification of key areas of
concern. This identification might suggest changes in the
individual traffic control devices, setup of the devices, or
overall procedures.

Accident datacompiled over an extended period can also be
used to refine the basic decision-making process for night
work. Evenwhen project-level dataare compiled and analyzed
on the project, it is essential to compile datafor al projects at
a centralized location for agencywide analysis and followup.

3.2.6 Community Complaints and Concerns
Regarding Night Work

It should be expected that night work will generate com-
ments and concerns from the community concerning night
work activities. Thelikelihood of community input increases
in urban areas, especially when commercial and residential
areas are involved. It is important to recognize in advance
that night work will generate community comment and that
adequate mechanisms should be in place to alow input and
to provide timely response.

Methods of addressing a wide range of problems that
communities have with nighttime construction is the focus
of NCHRP Synthesis of Highway Practice 218 (45).
Although most of this document relates to problems with
noise, it also addresses additional problems with lighting,
dust, and vibration.

3.2.6.1 Community Outreach

Community input can best be addressed in the planning
stages of the project by involving community groups in the
process and providing good communication on what the
community impactswill be. Once work starts, it isimportant
to provide a mechanism for ongoing community input.
Although some complaints and concerns may be addressed
directly to the project staff, concerns will more likely be
voiced to the agency district, the central office, or local pub-
lic officials. Publicizing phone numbers and addressesin the
local media and to local officials will help members of the
community to channel concerns to the proper destination.

3.2.6.2 Response Procedures

Mechanisms for addressing community input should be
established in advance. Many simple concerns can be
addressed by minor adjustments made at the project level.
For example, minor adjustments to temporary lighting may
be effective in reducing complaints concerning glare. Other
issues will require decisions above the project level. For



example, concerns over traffic detour patterns through local
neighborhoods may require redesign of the detour routesand
could entail extensive effort by the design staff.

3.2.6.3 Noise Variance

Themost common residential complaints concerning night-
time roadwork relate to noiselevels. When alocal jurisdiction
has passed a noise ordinance, a noise variance will haveto be
obtained before night work may begin. Obtaining thisvariance
may take several months, so that planning is essential.

3.2.6.4 Noise Control

Substituting a solar arrow panel for a diesel-powered unit
may easily satisfy anoise complaint in aresidential neighbor-
hood without compromising traffic safety. I ntermittent noises,
such as vehicle backing alarms, are sometimes a bigger con-
cern than constant loud noise. One agency has received
OSHA approval to useaspotter during backing operationsand
to disconnect the warning alarm for night operations. Strobe
lights should not be substituted for backup alarms because of
confusion with other warning lights typically found in the
work area. (See Tech Note 53.) The subject of noise contral is
extensively addressed in NCHRP Synthesis of Highway Prac-
tice 218 (45).

3.2.6.5 Being Responsive

Regardless of the nature of the input, it is essential that
timely acknowledgment be provided to all complaints and
expressions of concern. This acknowledgment should not
imply that acomplaint will be addressed at once. Infact, itis
important that commitments are not made when they will be
impossible to keep. In some cases, a followup call may be
necessary to obtain sufficient information so that the com-
plaint can be analyzed. In many cases, analysiswill take some
time to reach a decision. Ultimately, however, communica
tion regarding the outcome of the complaint should be pro-
vided to the person or agency making the initial expression
of concern.

Obviously, it will not be possible to provide a favorable
response to all community requests. However, it is essential
to maintain a positive public image concerning night work
and to respond to all concernsin amanner that is responsive
to the complainant. When the concern can reasonably be
addressed, it should be. When addressing the concern is not
practical or feasible, areasonable explanation of the agency’s
position should be provided. Community acceptance of night
work operations is essential to the success of this strategy,
and timely, responsive replies to community expressions of
concern are essential in thisregard.
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3.3 OPERATIONAL PROCEDURES

Even well-designed TCPs may require constant monitor-
ing and adjustment to match actual conditionsinthefield and
to respond to changesin traffic patterns and work operations.
Even when changes in traffic patterns and work procedures
do not occur, nighttime traffic control configurations must
typicaly be deployed and removed on a nightly basis. This
setup and removal creates substantial changes in traffic pat-
terns at the time of the changeovers and often represents the
highest risk period of the entire work shift.

Well-thought-out and clearly defined procedures are essen-
tial to set up and remove the nightly TCP and to ensure that
other needed changes are identified and implemented. In
addition, the design of the initial plan must respond to the
characteristics of the traffic flow through the project and the
needs and concerns of the community where the project is
located.

This section provides guidelines for the operation and
adjustment of TCPs for night work and discusses a number
of basic considerations essential to making the plan fit the
needs of the individual project.

3.3.1 Determine Operational Restrictions

Reasonable operational restrictionsmay reducetraffic con-
flicts and risks, while having only minimal impact on con-
struction operations. Any such restrictions should be deter-
mined during design and stated in the contract documents.

During the planning and design phases of the project, traf-
fic patterns should be spelled out in detail. This information
should include hourly and daily traffic volumes on the proj-
ect and potential detour and diversion routes, aswell asiden-
tification of special events and traffic generators that may
affect traffic through the project. Given thisinformation, oper-
ational restrictions for the project should be determined and
included in the contract documents. Clearly stating such
restrictions and requirements in advance is essential for bid-
ders to prepare an intelligent bid and will reduce disputes
between the contractor and owner once the work begins.

3.3.1.1 Work Hour and Day Restrictions

Permissible hours of work operation and traffic control
operations should be determined on the basis of traffic pat-
terns and associated factors and should be so stated in the
contract. The allowable hoursfor lane closures and road clo-
sures should be stipulated.

Consideration should be given in advance as to which
nights the work zone will be active. Friday and Saturday
nights are often at higher risk for driving under the influence
(DUI)—related incidents and may have higher late-night vol-
umes. Sunday through Thursday may thus be a better choice
for a5-night operation, although Sunday night may require a
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wage premium. In specia cases where afacility serves sub-
stantial nighttime work or commuter traffic, weekends may
be a better choice for full-road closures to minimize incon-
venience to such traffic.

Regardless of the days or hours permitted for work, to the
extent that traffic and site conditions allow, the contractor
should take advantage of daylight hours before and after the
shift begins for the setup and removal of traffic controls and
other preparatory and cleanup work.

3.3.1.2 Length of Closure

The actual length of lane closures should be restricted to
the minimum necessary to accomplish the work efficiently
and safely. Long lane closures without work activity present
may compromise safety by encouraging deliberate encroach-
ment by impatient drivers. In addition, long closures are
counter to good public relations and add to traffic delays and
congestion. However, asingle long closureis preferred over
several short closureslocated close to each other. The objec-
tive is to keep the closure (1) as short as possible, (2) com-
mensurate with areasonably efficient construction operation,
and (3) consistent in traffic pattern through the project. In
most cases, the appropriatelength of closure can best be deter-
mined by the project engineer and the contractor, althoughin
some cases the plan designer can devel op estimates for fixed
operations. A maximum length of a lane closure should be
stated in the contract documents.

Any restrictions or special requirements on paving or other
operations, such as restricting the length of paving passesin
asingle lane, should also be stated in the contract.

3.3.1.3 Equipment and Material
Sorage Restrictions

When a pedestrian pathway is required on a work site,
the choice of storage locations for equipment, materials,
and debris should be evaluated not only from the standpoint
of availability, but also from the standpoint of pedestrian
safety. Theinitial locations and subsequent changes necessi-
tated by the work progress should be specified in the contract
following pedestrian safety evaluations (9).

3.3.1.4 Other Special Restrictions

Any restrictions on work operations that may cause noise
or lighting complaints or violate local ordinances should be
stipulated in the contract. To the extent possible, such oper-
ations should be scheduled during hours that will minimize
inconvenience for local residents and businesses.

3.3.2 Inspection and Supervision

Sections 3.1 and 3.2 discussed contractor and owner agency
staffing requirements to provide work site supervision and
inspection. This subsection discusses specific procedures
that are essential to ensuring continual high-quality traffic
control during night work. At night, accident risksare higher,
visibility is restricted, TCPs are more complex, and drivers
may not perform as predictably as during daytime opera
tions. All of these factors necessitate additional attention on
traffic control supervision and inspection at night. During
nighttime operations, the traffic control supervisor and crew
should constantly patrol the work area to ensure that condi-
tions on the site are adequate for public safety and conve-
nience at all times, to ensure worker safety from intrusions
into the work site, and to ensure that the contract provisions
for maintenance and protection of traffic are adhered to.

3.3.2.1 Contractor Oversight

Under typical construction contracts, the contractor is
assigned primary responsibility for operation of the tempo-
rary TCP. In addition to setting up and removing the traffic
control devices, the contractor must continually adjust and
maintain the entire setup to ensurethat it operates effectively
throughout the work shift. Any problems that develop must
be identified and addressed quickly to avoid traffic conges-
tion or increased accident risk.

For projects involving significant traffic control opera-
tions, the contractor should be required to assign a full-time
traffic control crew to this task. Additional staff may be
required during setup and removal. Whilethe planisin oper-
ation, the traffic control crew should be required to continu-
ously patrol the project, making adjustments and corrections
as necessary.

The crew should be provided with a suitable vehicle
equipped with warning lights and a sufficient quantity of spare
traffic control devices. Adequate staff should be assigned to
the crew to address reasonably foreseeable circumstances,
with additional staff available from the work force to address
special incidents or emergencies. It is especialy important
that the supervisor of this crew be qualified by virtue of train-
ing and experience to supervise setup, operation, and removal
of the TCP and equipment involved. In addition to correct-
ing damaged, malfunctioning, or misplaced devices, the crew
should be prepared to identify and correct operational prob-
lems, such aslong queues extending past the advance warn-
ing signs, backups into intersections, glare from temporary
lighting, vehicle breakdowns, and other situationsthat require
immediate correction.

Requirements for the traffic control crew should be varied
to meet the actual demands of the project. On simple projects
with only minimal traffic control setups, especially when
activetravel lanes are not affected, it may not be necessary to



assign the crew to full-time project patrol. However, a quali-
fied individual should be available for immediate response if
needed. On very large and complex projects, it may be nec-
essary to assign more than one crew.

3.3.2.2 Spare Parts and Equipment

As part of the contractor’s oversight, it is essentia to
ensure that spare parts and equipment are readily available at
thejob site and can be quickly deployed to replace equipment
or traffic control devicesthat havefailed or that are damaged
by accidents. At aminimum, spares should be readily avail-
able for lighting equipment, arrow panels, CMSs, and any
other equipment that are essential to the TCP.

Conventional traffic control devices, such as extra signs
and channelizing devices, may be needed to replace damaged
devices. In some cases, extra channelizing devices may be
necessary to extend lane closures or to reduce device spacing
if traffic does not respond appropriately to the initial setup.

3.3.2.3 Owner Inspection

During night operations, the inspection staff should be in
regular communication with the contractor’ s project manage-
ment and traffic control supervisor. Theinspection staff should
check the traffic control setup at the beginning of the shift, at
regular intervals throughout the night, and at the end of the
shift to make suretheroadway isrestored to normal operations
and that all devices and equipment are safely stored.

While the contractor’ s traffic supervisor and crew should
be responsible for checking and maintaining the TCP on a
constant basis, the inspection staff should inspect the opera-
tion for compliance with the contract requirements and pro-
vide direction to the contractor when situations arise that
require unplanned adjustment to the TCP.

Operationsthat have cure or setup time requirements should
beinspected by the inspection staff prior to allowing the con-
tractor to reopen the facility. Improperly cured seals or sur-
faces could present a hazard to traffic.

3.3.3 Approval of Traffic Control Changes

An important aspect of work zone traffic control is ensur-
ing that necessary adjustment and changes are identified and
implemented when appropriate. Routine operational adjust-
ments and changes should be planned in advance, with the
contractor authorized to make such adjustments when appro-
priate. Unexpected changes and adjustments, when minor in
nature, should bereviewed and authorized by representatives
of the owner at the project site, with documentation in the
project records. If the need for more significant changes in
the TCP is identified, owner representatives at the project
level should provide a recommendation and request review
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and approval by appropriate design or traffic staff. Although
owner agenciestypically haveinterna proceduresto address
such changes, the procedures must be known to the project
staff. For night work, timely responses to change requests
must be provided.

3.3.4 Communications System

During the course of nighttime operations, it isessential that
the inspection staff, contractor’s traffic crew, police patrols,
and contractor’s supervisory staff can communicate clearly
and effectively from any location on the project. Although the
inspection staff, contractor, and police agency al normally
have communication equipment, effective communications
will be provided only if the systems permit direct communi-
cations between the various parties.

For radio communication to be effective, all project staff
must operate on the same system and frequency. Therefore,
a dedicated frequency should be assigned to the project to
guard against interference that may preclude timely commu-
nication at critical points. Realize, however, that astate agency
may not have the ability or the desire to provide contractors
with access to their internal radio communications network.
Insuch acase, cellular telephones are an equally useful alter-
native means of communication.

Cellular telephones are widely available at reasonable cost
and offer reliable communication between al parties. They
also offer ancillary benefits, such as the ability to call 911 or
program a CM S through amodem. However, to be effective,
a projectwide phone list must be provided to all project staff
and upper-level supervisory staff. Further, it is necessary to
ensure, prior to the actual start of the project, that cellular
phones provide adequately clear voicelinksfrom al portions
of the site where they may be needed. As such, location and
communication tests should be conducted.

3.3.5 Setup and Takedown

The period during setup and removal of the TCP often
involves the greatest risk for the traveling public and, espe-
cially, for workers. During this period, full traffic controls
are not in place. Thus, the traffic pattern isin transition and
may hot be obviousto drivers. Also, workers and equipment
are often located very close to moving traffic. To minimize
the risks associated with setup and takedown, careful plan-
ning and advance preparation is essential. If police are avail-
able, this period is often the most advantageous for their use.
Finally, advance training and ongoing supervision of the
work crews are essential to accomplish the setup and take-
down quickly and efficiently (i.e., with minimum disruption
in traffic and exposure of workers to traffic). Guidelinesin
the following sections are offered to facilitate setups and
takedownsin a safe, efficient manner.
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3.3.5.1 Advance Preparation

Depending on the type of TCP involved, the setup and
subsequent removal of devices may entail acomplex opera-
tion involving a significant number of workers, equipment,
and devices. Detailed written plans should be prepared in
advance for al but the most simple setups to ensure that all
required steps are addressed and that everyone knows the
correct sequence of stepsinvolved. During these operations,
additional workers are often required so that signs, channel-
izing devices, and other devices can be quickly set up and
removed.

When site conditions permit, required devices should be
placed outside the shoulders prior to the setup. During take-
down, devices can first be moved from the travel lanesto the
outside of the shouldersfor later pickup.

Prior to starting either operation, all crews and equip-
ment must be at the assigned locations, and communica-
tions must be established between various elements of the
work crew.

3.3.5.2 Sequence of Operations

The sequence of the steps for setup and removal is critical
to ensure that traffic and workers are provided the greatest
level of protection as the operation progresses. The follow-
ing sequence is generally appropriate for setups:

1. Activate CMSsto notify drivers of detours, diversions,
and other traffic changes.

2. Place or uncover detour route signs and activate other
temporary traffic controls within detours.

3. Place or uncover advance warning signs for detours,
closures, and other temporary traffic patterns.

4. Placeall portablelighting unitsat all closure pointsand
other critical pointsprior to establishing closures. Lights
should be adjusted asthey are placed to eliminate glare.

5. Implement on-ramp closures for sections of roadways
to be closed or restricted by placing barricades and
other devices at closure points.

6. If off-ramps are to be closed, place advance signing,
and effect closure by placing channelizing devices, bar-
ricades, and signs. A police patrol car, a well-lit work
vehicle, or both should be used to temporarily block the
ramp while the closureis placed.

7. Placearrow panelson the shoulder or other areaswhere
they will not interfere with traffic and beyond the clear
zone if they are not to be used during daylight. During
nonwork hours, light towers and other equipment are
safely stored in the median beyond the roadside clear
zone (see Figure 38).

8. Complete shift, diversion, or lane closure by placing
channelizing devices.

Figure 38.

Equipment safely stored in median beyond the
roadside clear zone.

3.3.5.3 Creating Closure

A critical stagein any setup isthe momentary stoppage or
diversion of traffic while the new traffic pattern is set in
place. This step normally requires police vehicles or well-lit
and marked work vehiclesto temporarily slow, stop, or divert
traffic whilethe channelizing devices are set in place. For full
or partial closures starting at intersections or on-ramps, the
police or work vehicle can block traffic while the barricades
or other devicesare set. An arrow panel on the back of awork
vehicle can be very helpful. At night, the driver of thisvehi-
cle must keep the vehicle close to the devices aready set up;
otherwise, because of reduced visibility, vehicles may get
back in the closed lane after passing the arrow panel.

For lane closures or shifts on freeways or other high-speed
roadways, police or work vehicles can be used to form a
rolling roadblock, providing sufficient time for crews to set
channelizing devicesin place. An example of this operation
isshown in NWTA-1B in Appendix A. If two or more lanes
are closed, or if the entire roadway is closed with traffic
diverted onto the off-ramp or temporary roadway, it may be
possible to make the closure in multiple stages, with the
rolling roadbl ock making more than one pass. When thistech-
nique is used, the rolling block must be started far enough
upstream to provide the needed time to make the closure.
Traffic should preferably continueto move at areduced speed
rather than coming to acomplete stop. However, if essential,
a brief stop can be used to permit completion of the setup.
The more quickly the setup can be completed, and the less
the disruption to traffic, the lessthe risk of congestion, queu-
ing, and rear-end or other accidents.

3.3.5.4 Setting Channelizing Devices

The setting of channelizing devices presents a substantial
risk to workers and the public. Devices should be set in a
manner that reduces exposure of workers to intruding vehi-
cles and to the risk of falling from work vehicles. Under no
circumstances should workers be allowed to ride on the tail-
gate or open body of work trucks. Thisbehavior placeswork-
ersat extreme risk of seriousinjury from intruding vehicles,



aswell as from falling from the vehicle and being run over.
Theserisksare even greater at night. Workers setting devices
from vehicles should be protected by work cages, restraint
systems, or other devices or methods that prevent falls from
the vehicle.

Normally, devices should be set moving downstream with
traffic, starting with the taper. When the number of devicesto
be set issmall, it may be preferable for workers on foot to set
the devices. In this case, traffic must be momentarily stopped
or diverted to reduce the risk of intrusions.

On high-speed, high-volume roadways, the use of shadow
vehicles equipped with a portable attenuator is especially
important to protect workers and the public during setup.

3.3.5.5. Takedown

Removing temporary setups generally proceeds in the
reverse order of the setup. However, it is normally not nec-
essary to create a brief traffic delay or stoppage while the
operation takes place. The channelizing devicesare normally
removed working in an upstream direction, so the workers
are protected until the final moments of the operation.

Drivers may be confused when work vehicles operate
against traffic in the closed lane, especially with headlights
on. Furthermore, aproblem is created when the device pickup
is completed and the work vehicle must turn around in an
unprotected location. When temporary or permanent road-
way lighting makes it possible for the work vehicle to oper-
ate without headlights and when the pickup operation ends at
a median crossover, ramp, intersection, or other location
where the work vehicles can safely exit or turn around, the
pickup vehicle can be operated in aforward direction against
traffic using the closed lane or the shoulder. This procedure
has the headlights off, but the warning lights still in opera-
tion, as described in Section 2.7.5. This procedure not only
speeds up the operation, but it is often safer for workers.

3.3.5.6 Inspection

Following both setup and removal, the traffic control super-
visor must drive through all affected portions of the project
to ensure that all devices are properly in place (for setup) or
that normal operationsarefully restored (for removal). Inspec-
tors should spot check to confirm satisfactory completion of
the operation.

3.3.6 Operational Adjustment and Shifts

Asthework progresses, it is frequently necessary to make
operational adjustments and shifts in the temporary TCP.
Examplesinclude changingtraffic fromlaneto laneaspaving
progresses (see NWTA-1C in Appendix A), lengthening
setups asthework progresses, and opening and closing ramps
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to accommodate progress in the work operations. Generally,
it is possible to plan these changes in advance, and prepara
tions can be in place to make the changes quickly and safely
using the same guidelines as for setups and closures. Addi-
tional detailed guidelines were provided in Sections 1.2
through 1.4 for a number of specific traffic control setups,
including lane and shoulder closures, diversions and shifts,
and ramp closures. (See Tech Note 54.)

3.3.7 Traffic Control Device Adjustments

Continuous checking of traffic control devices by thetraf-
fic control crew is essential throughout the night to ensure
that al devices remain in serviceable condition and at the
proper location and position. Devices that are damaged or
dislodged must be adjusted quickly to maintain smooth traf-
fic flow and safe operation. A supply of replacement devices
should be available to replace damaged devices as necessary.

In addition to damaged or dislodged devices, different
devices may at times be needed to address unexpected traf-
fic conditions or responses. For example, additional chan-
nelizing devices may become necessary if vehicles attempt
to cut between devices. Additional warning signs placed far-
ther upstream should be added if backups become longer
than anticipated. Additional directional signing may be nec-
essary if detour traffic appearsto be missing turnsor isother-
wise behaving erratically.

One situation that may be difficult to correct, but which
merits consideration for inspection activities, is confusion or
distraction that may be produced by work vehicle warning
lights (e.g., revolving lights, emergency flashers, or strobe
lights). The interaction of work vehicle lights with other
lights or with retroreflective patterns associated with traffic
control devicescould createavisua environment that is con-
fusing or distracting to driversand, therefore, becomesahaz-
ard. Hazardous visual situations are related to site-specific
geometrics and the types of traffic control devices. As such,
variationswill be numerous, and general guidelinesfor treat-
ing such a problem cannot be given. Furthermore, the situa-
tion may be extremely short-lived and, therefore, may not
create a hazard. However, when modifications of work vehi-
cle activity are expected, when the geometrics of the site are
changed because of movement of the work zone activity
area, or both, an assessment of possible confusion or distrac-
tion problemsis merited.

3.3.8 Monitoring Flow, Access, and Safety

Nighttime TCPs should be designed and operated to ensure
safe, smooth flow of traffic with a minimum of delays and
congestion. To ensure that these objectives are achieved, it
is essential for project staff to monitor traffic flow and for
work operationsto identify disruptionsin traffic flow, safety
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concerns, or problems associated with contractor access to
the work site.

In addition to actual crashes, many driver behaviorsindicate
inadequate capacity or driver confusion. Workers assigned to
monitor traffic flow should be alert to sudden or abrupt slow-
downs, queuing, erratic driver behavior, use of shoulders, or
backing vehicles.

Work site access should be monitored to ensure that work-
ers, equipment, and materials can gain access to work spaces
safely and efficiently. Abrupt disruptionsto traffic caused by
the movement of personnel or work vehiclesis aconcernin
terms of both safety and traffic flow. Good work site access
is also essential to ensure that materials arrive at the work
space in a continuous flow with no interruptions and with
minimum time in transit.

By monitoring each of these aspects of the traffic control
operation, one can identify the need for adjustments and
make the adjustments quickly before significant problems
arise. In addition to observations by project supervisors and
inspectors, comments and complaints from motorists and
workers should be carefully considered.

3.3.9 Adjustments to Work Hours and Days

Selection of days and hours to be worked should be made
prior to the start of work on the basis of projected traffic vol-
umes and patterns, special events, and requirements of the
work operations. Once work operations begin, it isimportant
to monitor traffic flow to determine whether adjustments in
work hours or days are necessary. In some cases, traffic vol-
umes may differ considerably from design predictions.

3.3.9.1 Hourly Volume

If traffic volumes are lower than predicted at either end of
thework shift, it may be acceptableto lengthen the work shift
with little or no additional impact on traffic. Lengthening the
shift generally improves productivity, reduces costs, and
speeds completion of the project. Likewise, similar benefits
may be achieved by lengthening the work week if traffic con-
ditions permit.

Although more liberal work schedules are sometimes pos-
sible, heavier-than-expected traffic or unanticipated events
may necessitate reducing access to the roadway to fewer
hours or days than planned. If congestion is unexpectedly
high at either end of the shift, delaying setup or requiring an
earlier takedown may become necessary.

3.3.9.2 Special Events and Seasonality

In some cases, benefits may be achieved by changing the
days worked. Traffic flows on Friday, Saturday, and Sunday
nights may be especially unpredictable and may change from

season to season. Project staff must be alert to such shiftsin
nightly traffic patterns and consider changing nights worked
if necessary. In areaswith high tourist traffic, seasonality fac-
tors may require changes in both work hours and work days
as the project progresses.

3.3.10 Adjustments to Closures and Detours

Project traffic control supervisorsshould bealert to the need
for changes in road and ramp closures and detour routes and
signing. Changes may be necessitated on the basis of opera-
tional deficiencies, complaints and comments from motorists
and residents, or accident experience. It is essential for the
contractor’s traffic control supervisor and traffic control
inspectorsto drive detour routes periodically to observe actual
operation.

3.3.10.1 Device Adjustments

Adjustments to closures and detours may include minor
improvements to traffic control devices, such as additional
signs and channelizing devices. Supplemental devices and
other methods used when a detour or closure is first imple-
mented may hel p motorists become familiar with the change.
Examplesinclude posting additional CM Ssafew daysbefore
and after the change is implemented and placing a police
officer with a patrol car at closure points for the first few
nights.

3.3.10.2 Detour Signing

Abrupt stopping, backing, or turning around at closures or
intersections on detour routes indicates that detour signs are
not sufficiently clear or visible and calls for adjustments as

appropriate.

3.3.10.3 Congestion

Traffic congestion aong detour routes may be alleviated
by adjustments in permanent controls along the route. Typi-
cal examples include adjusting traffic signal timing or pro-
hibiting certain movements while the detour isin effect.

3.3.10.4 Accidents

Traffic accidents along detour routes at night should be
examined to determine whether signing or other roadway
improvements may be needed. Changes as simple as trim-
ming vegetation at an intersection may reduce accident poten-
tial. If problem intersections are identified, it may be neces-
sary to station a police officer at the intersection while the
detour is active or at least during periods of high traffic flow.



3.3.10.5 Rerouting Detours

Because considerabl e advance preparation is often required
to establish a detour route, revising a route is normally not a
desirable option. However, when more basic adjustments do
not alleviate operational or safety problems, or if serious
complaints persist, it may become necessary to consider
rerouting all or part of adetour. If this consideration becomes
aredlity, it is essential to involve design and traffic engi-
neering staff as soon as possible and to quickly, but thor-
oughly, explore all viable options.

If the decision is made to revise the detour or closure pat-
tern, clear notification must be provided to motoriststo avoid
added confusion. Normally, this notification would entail
conventional traffic signs, CM Ss, and mediaal erts. All detour
signing must be properly changed over, including complete
removal of the previous route signs, by the time the change
takes effect.

3.3.11 Speed Control

Although designing a work zone that allows drivers to
maintain normal speed is desirable, imposing a speed reduc-
tion is often necessary. Several situations may contribute to
speed-related problems in work zones:

+ Motorists exceed the posted speed limit on the approach
to the work zone and fail to slow sufficiently on enter-
ing the work zone.

» The posted speed limit on the approach is higher than
the posted speed in the work area. A typical exampleis
awork areain aresidential or commercia area, follow-
ing a section of highway with an unrestricted speed
limit. Insuch cases, traffic may fail to slow down asdriv-
ers enter the reduced-speed zone.

» Physical and operational restrictions in the work zone
require travel speeds that are lower than those in effect
prior to construction.

3.3.11.1 When to Use Speed Control

The work zone conditions that justify the use of reduced
speeds are highly variable, and, therefore, a comprehensive
listing of conditionsis not possible. However, the conditions
listed below are examples of those that may, depending on
traffic conditions and other project considerations, indicate
the need for areduced speed limit:

» Workers or equipment in open travel lanes or in closed
lanes, shoulders, or mediansimmediately adjacent to the
open travel lanes and unprotected by a positive barrier;

+ Construction vehiclesor equipment entering or crossing
thetravel lanes on afrequent basisin amanner that may
interrupt traffic flow and require stopping and slowing;
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+ Alternate one-way traffic controlled by flaggers or a
signal;

+ Closureof oneor moretravel lanes, resulting in restricted
flow in the lanes remaining open;

* Narrowed lanes or diversion of travel lanes to a new
path, requiring aspeed reduction for safetraversal of the
lanes or diversion;

+ Sight distance restrictions that do not provide adequate
DSD at the posted speed limit (the sight distance defi-
ciencies may be produced by physica restrictions or
interruptions caused by construction activity); and

+ Any situation where restrictions imposed by the con-
struction activity makeit impossiblefor anormally alert
and prudent driver to safely traversethework area at the
normally posted speed limit, but where advisory speeds
aone are not expected to result in adequate compliance.

3.3.11.2 Determining Work Zone Speed Limits

Blanket speed reductions for all work zones are not rec-
ommended. Speed reductions should be based upon consid-
eration of engineering factors specific to the work site and
should be applied only during the hours needed and in the
specific section of the work zone where an analysis suggests
speed reduction is needed. A procedure for determining the
amount of speed reduction appropriate for awork zone was
developed in NCHRP Research Results Digest 192 (46). (See
Tech Note 55.)

3.3.11.3 Methods of Speed Control

The methods of active speed control for night operations
are generally the same as methods used during the day: law
enforcement, CMSs, rumble strips, flashing beacons, lane
width reduction, flagging, or some combination of these meth-
ods. Various methods that have been shown to be effective
under certain circumstances are described below. The com-
parative effectiveness of these methods has not been tested
at night. Given that these methods will vary in the level of
visibility that each will have at night, their relative visibility
should be considered when choosing a method for control-
ling night speed reductions.

3.3.11.4 Enforcement

One of the most effective methods of speed control in
work zones is the strict enforcement of posted speed limits
by police agencies. To enforce reduced speed limits, it isfirst
necessary to ensure that speed limits are legally established
and posted. (See Tech Note 56.) The establishment and post-
ing of speeds lower than the normal limits should be based
on traffic engineering considerations and actual work zone
parameters.
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Planning enforcement methods that use police requires a
high degree of administrative coordination and cooperation
involving police departments, highway officias, and con-
struction officials. It is recommended that state and local
agencies (1) make specia contractual provisions for imple-
mentation of law enforcement treatments and (2) include
such treatments in the TCP. Otherwise, the involvement of
police agencies may not be sufficiently consistent for the
potential effectiveness of the methodsto berealized. Admin-
istrative and contractual provisionsrelated to speed enforce-
ment are discussed in Section 3.5.3.

3.3.11.5 Active Enforcement

Under most conditions, active police enforcement of speed
limits can be expected to achieve significant speed reductions
and, whenever possible, should be employed when lower-
than-standard speeds are required in awork zone. The great-
est effectiveness can be expected when enforcement is car-
ried out in ahighly visible manner and when driverstraveling
through the project see that active enforcement is underway.
Effectiveness may be enhanced further by obtaining promi-
nent media coverage of the enforcement activities, by dou-
bling the fines for speeding in work zones, or both. The use
of a“doubled fine” strategy requires that drivers be made
aware of the double fine via signing (see Figure 39).
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Figure39. Sgn alerting motorists to doubled fines for
work zone speeding violations.

A marked police car with cruiser lights, active radar, and
the use of a uniformed police officer to control traffic can
produce a reasonably effective speed reduction when alane
closure results in two or more lanes remaining open. (See
Tech Note 57.)

3.3.11.6 Credihility of Enforcement

In very congested projects, police enforcement is often
complicated by theinability of the police officer to pursue and
stop violators. For effective enforcement, police must be able
to quickly enter the moving traffic stream, pursue the target
vehicle, and makethe stop in a safe location. An enforcement
area should be provided whenever possible. When traffic is
confined to a single lane, or if narrow roadways limit safe
stopping locations, especially for long distances, police may
be severely limited in their ability to issue citations except in
cases of extreme violations.

3.3.11.7 Passive Enforcement,
or Unmonitored Police Cars

Although simply stationing patrol cars along the project
may have some initial enforcement effect, it is questionable
whether a significant lasting effect can be achieved unless
drivers perceive an actual risk of citation. For that reason,
unmonitored patrol vehicles or patrol vehicles stationed in
locations without obvious access to the roadway will proba
bly result in limited effectiveness unless there is a high per-
centage of nonrepeat traffic.

3.3.11.8 Satutory Speed Limits

Posting reduced statutory speed limitsin work areas may
reduce speed somewhat. To maintain credibility and enhance
driver compliance, itisessential to restrict speed limit reduc-
tionsto active work areas, with normal speed limits restored
whenever possible. The addition of black-on-orange WORK
ZONE panelsto REDUCED SPEED AHEAD (R2-5a) signs
may further add credibility to these reductions. Likewise, the
addition of flashing lightsand WHEN FLASHING panelsto
REDUCE SPEED AHEAD signs has been shown to enhance
effectiveness, particularly if speed reductionsare only required
when workers are present. Another means of increasing the
effectiveness of speed control measures is the use of avari-
able message sign with messages such as TROOPER ON
SITE and SPEED LIMITS ENFORCED. A typica aterna-
tiveto theflashing lightsisthe addition of small strobelights.
(See Tech Note 58.)

3.3.11.9 Advisory Speed Panels

The addition of advisory speed panelsto work zone warn-
ing signs may aso help in conveying to drivers appropriate



speedsthrough specific portions of the project. Because most
drivers select speed on the basis of their perception of the
roadway and traffic situation, advisory panels may be espe-
cialy helpful where driversdo not have aclear forward view
of the roadway, such as at curves, diversions, or locations
where sight distance is reduced by construction features and
activities. Effectiveness of these signsdependshighly ontheir
credibility as judged by motorists. Therefore, they must be
posted only wherethey are actually justified by roadway con-
ditions, and the posted speed or advisory must be realistic.

3.3.11.10 Flaggers

Flagging should not normally be considered as a speed
reduction technique for nighttime construction because flag-
gers are less visible and the risk to their safety is greater at
night. However, if it isnecessary to provide flaggersfor other
purposes, they may also be used to encourage driversto slow
down. The flagger should display the SLOW signa in an
exaggerated manner, followed by pointing to anearby speed
limit sign (47, 48). If flagging operations are used at night,
the flagger position must be well lit and retroreflective mate-
rials must be incorporated into the clothing being worn. Full
body garments, as described in Section 2.8, are recom-
mended so that whole body movement is detectable by driv-
ers. It hasbeen found that a properly trained flagger, adjacent
to a speed limit sign, can reduce average speeds by 8-16
km/h (5-10 mph). Flagging methods are effective in con-
struction areas where one lane remains open to traffic.

3.3.11.11 Real-Time Speed Displays

Various devices incorporating radar speed measurement
with variable message signs or other speed displays are com-
mercially available. These devicesdisplay either the speed of
approaching vehicles or a warning message using a CMS.
Either display is more effective in reducing speed as com-
pared with passive MUTCD signing only. The message Y OU
ARE SPEEDING SLOW DOWN isthe most effective when
variable message signsare used. A speed-monitoring display
that usesradar to measure the speeds of approaching vehicles
and shows these speeds to traffic on a digital display panel
may also be effective. This display is intended to slow traf-
fic by making drivers aware of how fast they are traveling.
(See Tech Note 59.)

3.3.11.12 Radar

It isexpected that the radar associated with avariable mes-
sage display will also cause some drivers using radar detec-
tors to slow down. Because radar detectors are activated in
vehicles using these devices, some speed reduction effects
may be achieved simply from radar alone. Because drivers
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using radar detectors likely comprise a group that is more
prone to speeding, the net safety benefit may be more than
would otherwise be anticipated. (See Tech Note 60.)

3.3.11.13 When to Avoid Reduction of Lane Width

Lane widths should not be reduced to control speed at
night, particularly when temporary lane and edge lines are
not being used. The safety effects of this method have not
been assessed under any conditions. (See Tech Note 61.)

3.3.12 Revision to Basic Traffic Control
Strategy

Previous sections discussed the need to constantly monitor
individual components of the TCP, making adjustments and
revisions as necessary. This need also applies to the overal
traffic control strategy for the project. Careful planning and
design normally ensure that a TCP will operate effectively,
although minor adjustments may be needed. On rare occa
sions, it may become apparent after the plan isimplemented
that overall operationisnot satisfactory. Asfor individual ele-
ments, problems may be associated with unacceptable levels
of delay and congestion, safety concerns, accidents, inade-
guate work site access for the contractor, undue interference
with the work activities, or persistent strong complaintsfrom
the community.

If adjustments and revisions to elements of the plan, made
with the assistance of traffic and design staff, cannot satis-
factorily resolvethese problems, it may occasionally become
necessary to consider a mgjor change in the TCP. Such a
change may include (1) closing the facility and implement-
ing a detour or (2) eliminating an objectionable detour and
returning traffic to a portion of the roadway under construc-
tion. In extreme cases, it may become necessary to cancel
night work and return to conventional daytime work, using
other traffic management strategies to address the project
traffic control objectives.

When the need for a basic change in the traffic control
strategy becomes apparent, it is essential to quickly and
thoroughly explore all viable options. Hopefully, it will be
possible to develop arevised plan and transition to it while
work progresses. However, in extreme cases, it may be nec-
essary to temporarily shut down construction operations, or
at least the night work, until the new plan can be designed
and implemented.

3.4 WORK ZONE LIGHTING SYSTEM

The planning and design of work zone lighting systemsis
primarily concerned with the selection and placement of
equipment that will provide the minimum illumination nec-
essary for a variety of nighttime work activities. Minimum
illumination requirements and basic design considerations



86

were presented in Section 2.9. Consideration must also be
given to the control of glare asit affects passing motorists.

Every project should have a lighting plan that addresses
the items shown in Section 3.4.1.

It is the contractor’s responsibility to select appropriate
lighting fixtures and to determine the appropriate location,
arrangement, and spacing to achieve the required illumi-
nance levels. The contractor will also need to check the pho-
tometric charts for the proposed luminaires to ensure that
there will not be any magjor problems with regard to glare.

Anexampleof lighting plan detailsisshownin Section 2.9
and NWTA-7 in Appendix A.

3.4.1 Content of Lighting Plan

Prior to the start of nighttime operations, a lighting plan
should be submitted and approved. This plan should provide,
in detail, the following information for each piece of lighting
equipment:

» Thelocation of al lights necessary for every aspect of
work to be done at night;

* A description of light towers and other lightsto be used,
including type of luminaire and manufacturer’ snumber;

* Mounting details for lights on equipment, including
how the lights are to be attached, oriented, and aimed;

* Technical details on all lighting fixtures to be used,
including power ratings and photometric charts;

* The typical spacing, lateral placement, and luminaire
height for al lights;

+ A description of all electrical power sources;

+ Detailson hoods, louvers, shields, or other equipment to
be used to control glare, including mounting details and
locations where the equipment is to be used; and

« Lighting calculations confirming that the proposed plan
meets the illumination requirements.

3.4.2 Installation

The contractor must have all necessary lighting equipment
installed before work isto begin, including any fixed lighting
and supplemental lighting on mobile machines and equip-
ment. The contractor should then locate, aim, and adjust the
lighting fixtures to provide the required level of illuminance
and uniformity in the work area without creating objection-
ableglare.

3.4.3 Photometric Measurements

Prior to the first night of operation, the project engineer
must check the adequacy of the installed lighting using a
photometer that measures illumination in lux or footcandles.
A summary of these measurements should be noted in the
inspection records to provide a basis for comparing mea-
surements made at subsequent intervals.

A uniform pattern of readings spaced approximately every
3 m (10 ft) throughout a representative test area should be
taken. A test area might include several luminaires or one
luminaire from each of several areas. Although it is unnec-
essary to measure the samelocation whenever measurements
are taken, the spacing of measurements should be consistent
and uniform whenever readings are made. Each reading
should be above the required lighting level for that area. A
comparison of the average of the readings with the lowest
reading obtained should be no greater than 10:1 and preferably
near 5:1. If the required illuminance and uniformity levelsare
not met, the contractor must make the necessary adjustments
to the lighting plan before work continues.

3.4.4 Glare Control

All lighting must be designed, installed, and operated to
avoid glare that interferes with traffic on the roadway or that
causes annoyance or discomfort for residences adjoining the
roadway. The project engineer must therefore check for glare
that may impair drivers passing through the project. The proj-
ect engineer should be the sole judge of when glare exceeds
acceptablelevels, either for traffic or for adjoining residences.
If severeglareisnoted for any travel path, the luminairesmust
be adjusted, or shields, visors, or louvers must be added as
necessary to reduce objectionable levels of glare.

3.5 POLICE SERVICES

The need for and the extent of police services should be
considered in the planning stage of all projects for which
work activities are to be scheduled during night hours. Fur-
thermore, specific types of police services and their sched-
uled occurrence should be part of the project TCP. The plan,
with regard to police services, should reflect the nature and
extent of the cooperation that can be expected from local,
state, or both police agencies. To the extent that such expec-
tations do not appear to meet the needs of the project, con-
sideration must be given to the use of “dedicated,” as opposed
to “cooperative,” enforcement aid. Visible police enforce-
ment is highly desirable on nighttime construction operations
to encourage driver adherence to traffic regulations and to
manage incidents such as accidents, breakdowns, and major
congestion.

3.5.1 Criteria for Police Services

Suggested criteria to determine the need for police ser-
vices include the following situations:

 Construction activities closdly adjacent to traffic with-
out positive protection,



» Restrictions to traffic flow based on geometry (e.g., no
shoulder, reduced shoulder width, reduced lane width,
or reduced number of travel lanes),

+ Locations where incidents are expected to produce sub-
stantial congestion and delays on the facility,

 Special operationsthat requiretraffic control or shifts of
the traffic pattern,

« Locations where traffic conditions and accident history
indicate that substantial problems may be encountered
during construction, and

 Projects with heightened public concern regarding the
impacts of the TCP.

To the extent that these situations are expected to occur in
combination with high-speed, high-volume traffic flow, the
accurate assessment of the need for police assistance
becomes acritical planning task.

3.5.2 Police Functions

Depending on thetype of project being designed, the func-
tionsidentified below should be considered as candidates for
police assistance. Thefrequency with which situationsrequir-
ing such tasks are expected to occur will, along with the cri-
teria noted previoudly, determine the level of police staffing
necessary. Examples of the types of police functions that
may be required are as follows:

» Keeping travel lanes free of illegally parked or stalled
vehicles on detour routes and major traffic arteries by
arranging for their removal from the travel lanes;

« Controllingillegal turning movementsthat might restrict
capacity at intersections;

« Directing traffic in congested situations;

» Providing advance warning of heavy congested or
stopped traffic in advance of problem area, such as a
lane closure;

« Assigtingintraffic control for specia construction events,
such as bridge steel erection, changesin traffic patterns,
and blasting;

+ Observing and reporting traffic problems on state high-
waysor detour routesto the appropriate engineering staff;

 Enforcing speed and any other restrictionsin or near the
work zone areg;

 Aidingintraffic control during the daily setup and take-
down activities for operations that are conducted only
during nighttime hours; and

» Preventing intrusions into closed lanes, exits, and so
forth.

3.5.3 Administrative Arrangements

After the police assi stance needs are established, the means
of obtaining the services must be evaluated. At least four
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administrative arrangements can be used to obtain police
services:

» Cooperative services for which the police agency is not
paid, but agrees to participate at some predefined level;

» Dedicated services for which the police agency is paid
under aformal agreement with the state or local agency;

+ Dedicated services for which the police agency is paid
under a formal agreement with the contractor, the cost
of which isbid as a contract item; or

+ Some combination of the above options, whereby certain
specific services are dedicated and others are obtained on
acooperative basis.

Regardless of the method used to arrange police services,
all police agencies providing highway patrolsin the vicinity
of the project should be notified about the night operations
and the associated potential impact of the TCP prior to the
start of the work. This notification will permit the police
agenciesto plan for any traffic impact on their routine activ-
itiesand, where necessary, to concentrate traffic enforcement
activities on detours and other roadwaysthat might be affected
by the project. These agencies should be encouraged to con-
centrate their routine patrol activities on detours, diversions,
and other roadways affected by the project.

3.5.3.1 Cooperative Enforcement

Under a cooperative enforcement procedure, the highway
agency solicits the cooperation of the local police agency
with jurisdiction for the highway in question. Officers and
patrol cars are then assigned to the project for specific peri-
ods and operations to the extent that the officers and patrol
cars are available. Typically, the officers assigned are from
staff normally on duty at that time, and they are assigned to
the project when they are not needed at other locations or
assignments. Depending on the availability of officers and
the project needs, police patrols may be present on only a
part-time basis or for short periods when the need is greatest.

The principal advantage of the above arrangement is that
the highway agency generally does not pay for the cost of
providing the patrols. In return, the police agency retains
greater flexibility in reassigning the officers to higher-priority
tasks on short notice as the need arises. Although a limited
level of police presence can be provided on some projects
under this arrangement, the procedure does not ensure a spe-
cificlevel of police enforcement. Depending on the resources
of the police agency, the level of enforcement may be suit-
able in some cases. A good working relationship between
agencies is essential to ensure success. However, for activi-
ties such as setup, takedown, and other specific scheduled
construction events, cooperative arrangements are not advised
because there is no guarantee that police services will be
available, and the hazard to workers and the driving public
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may be unacceptably high without the service. Another dis-
advantage of the cooperative arrangement is that police may
not be available to direct traffic in congested situations pro-
duced by work activities, accidents, and so forth.

3.5.3.2 Dedicated Enforcement
by Direct Highway Agency Agreement

A direct highway agency agreement may be enacted
between the highway and police agencies prior to the start of
work to cover assignment of officers and reimbursement of
costs. It is preferable to enact a blanket agreement covering
the basic arrangement, with individual projects added by task
order to the basic agreement. Once the basic agreement isin
place, the addition of individual projects can normally pro-
ceed quickly. Although the highway agency paysfor the costs
of the police patrols, it may be possible to charge those costs
to capital construction fundsasadirect project cost. Although
this arrangement provides less flexibility than cooperative
enforcement does, this arrangement is better able to ensure
that the desired level of enforcement will be available when
needed. It also provides a greater measure of control to the
highway agency in the use of the police resources on the par-
ticular project.

3.5.3.3 Dedicated Enforcement Funded
through the Construction Contract

Dedicated enforcement may also be funded through the
construction contract. Police patrols are arranged between
the contractor and the police agency. The contractor reim-
burses the police agency directly and submitsthe costsasa
reimbursable expense under the project, normally with a
markup for profit and overhead. This arrangement may offer
the greatest flexibility in terms of obtaining police services
quickly, especially when the need arises unexpectedly. How-
ever, the degree of highway agency control may be reduced,
and the total cost to the highway agency is the highest of the
three arrangements.

3.5.3.4 Combined Dedicated
and Cooperative Enforcement

When dedicated enforcement is arranged for a project, its
useistypically limited to specific tasks and operationswhere
extensive police presenceisneeded at specific times. Routine
enforcement can frequently be provided through cooperative
arrangements, even though dedicated enforcement is pro-
vided for certain phases of the project. Incorporating both
types of arrangements within a project ensures that the
needed enforcement is available for specific operations,

whileroutine enforcement is provided throughout the project
at little or no additional cost to the highway agency. A good
working relationship between the highway and police agen-
cies is essential to obtain a good balance between coopera-
tive and dedicated enforcement, especially when both are
used within the same project.

3.5.3.5 Selection of Administrative Arrangement

Asnoted previously, the need for police services should be
considered in the planning phase of any project and should
be afeatureincluded in the TCP. If the criterialisted in Sec-
tion 3.5.1 are met and if it is decided that police presenceis
required, the degree of required police cooperation must then
be assessed against the expectations for cooperation. If past
experience has shown that thelevel of cooperation or thereli-
ability of police presence is not expected to meet the project
needs, aformal contract with state or local police for “ dedi-
cated” (asopposedto“ cooperative’) servicesmay berequired.
This requirement is one reason why it is necessary to make
police service—related decisions during the planning process.
The negotiation of acontract mutually agreeableto the police
unit and the agency is likely to involve the use of the legal
division of the agency, therefore requiring along lead time.
The biggest problem with planning the use of police services
without negotiating a formal contract with the participating
police agency isthat the state or local agency may havelittle
or no control over its presence or location. When dedicated
police servicesare used on aproject, the actual level of police
presence and the police location on the project can be under
the control of the resident engineer. (See Tech Note 62.)

3.5.4 Operational Requirements

A number of possible operationa requirementsare described
bel ow. Specific operational requirements such asthese should
be developed during planning and should be communicated
in writing to the police service units involved or should form
the basis of any formal agreement to be negotiated:

* When alane closure or full road closure is being set up
on high-speed highways, police should be stationed
upstream with flashing lights operating.

« After alane closure has been implemented and work
isunderway, patrol cars should normally be stationed
upstream of the work area, with flashing lights in
operation.

« Patrol cars can be used to temporarily stop traffic or to
create a rolling roadblock to provide a contractor full
access to the roadway to set up lane and road closures
and to shift from one side of the road to the other.

» Tomaintain credibility of enforcement efforts, asecond
patrol car should occasionally be stationed downstream



from the work area to issue citations for speeding or
other violations through the project.

« Patrol cars should operate their radar to activate radar
detectors on vehicles approaching the work zone.

« Patrol cars should assist with clearing accidents or inci-
dents such as vehicle breakdowns.

« Patrol cars should assist with controlling traffic at prob-
lem locations, such asramp closures and other potential
intrusion locations.

3.5.5 Enforcement Activities

Oneimportant function aided by police presence on awork
siteisthat of controlling speed in the approach to and in the
work area. There is general consensus that the various law
enforcement strategies are effective in controlling speed.
For a number of reasons, this safety benefit is important at
night. First, speedsare frequently higher at night because the
volumes are lower. Second, driversimpaired by drugs, alco-
hol, and fatigue are more likely at night. Given the impair-
ments, the generally reduced visibility, and the higher speeds,
the increased danger to both the drivers and the workers is
obvious.

However, on many projects where night operations are
chosen, volumes may remain relatively high for at least part
of the night, with varying levels of congestion. In these situ-
ations, speed enforcement isnot aprimary function until later
at night because speeds tend to be self-regulating to a large
extent. In such cases, the most important police functions are
preventing deliberate intrusions (into closed lanes, exits,
and so forth) and preventing other attemptsto circumvent the
temporary traffic controls. Alsoimportant are police activities,
such astraffic control during short-term traffic interruptions
for setups, takedowns, setting steel, and so forth. Under
higher-volume conditions, police are needed to clear acci-
dents and remove blockages from other types of incidents,
such as vehicle breakdowns.

3.5.6 Staffing Levels and Locations

The level of police staffing to be assigned to the project
should be determined to meet the specific needs of the proj-
ect by joint agreement of the highway and police agencies. If
the primary function is to calm traffic flow and encourage
drivers to respect traffic regulations, a single patrol car and
officer may be effective, especially on small projects. Assign-
ing police on arotating basis may provide almost the same
benefit asfull-time patrols, and at lower cost. However, the
schedule should be staggered such that drivers cannot predict
with relative certainty when the police will be present. In
addition, the frequency of police presence must be sufficient
to maintain driver expectation of encountering a police unit.

On projects extending considerable distances, or those
affecting traffic flow in both directions, the use of additional
units may be advantageous. When the police patrols must
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perform specific functions, such as short-term traffic stop-
pages or traffic diversionsto place alane closure or road clo-
sure, then the number of police units must be based on aplan
for that specific operation to ensure adequate control of the
traffic flow. Significant speed enforcement efforts typically
require a minimum of two units or more, depending on
expected traffic volumes and number of potential violations.

Keeping the number of police units to the minimum neces-
sary to ensure safe, orderly traffic flow reduces costsand frees
up police unitsfor other enforcement activities. Depending on
the needs of the project, it may be advantageous to vary the
number of police units present over the course of the night.
Typically, two or more units are used to assist in the traffic
control setup and to provide enforcement early inthe evening
when volumes are highest. Later at night, some of the units
can be released, with one unit remaining throughout the
night. In some cases, police union provisions or police agency
procedures may affect the required number of officers pres-
ent, especially during late-night shifts.

The location of the police units on the project depends on
the specific functions being performed and on the site char-
acteristics. Patrol cars should normally be positioned in
advance, or near the beginning, of the project to gain driver
compliance asthey approach the activity area. The patrol unit
must be visible to approaching traffic and to maintain the
appearance that pursuit can be undertaken in the case of vio-
lations. A patrol car parked behind concrete barrier with no
access to the travel lanes is generally not viewed as a threat
to potential violators. The police unit must also be positioned
safely. Because drivers may encounter unexpected situations
requiring evasive maneuvers, the patrol cars should not be
located in buffer spaces. Likewise, parking patrol carson the
shoulder very close to the travel lanes should be avoided if
possible. If significant speed enforcement is planned, it will
be necessary to identify locations where the radar vehicle can
set up and where the stops can be made safely without undue
interference with traffic.

3.6 PUBLIC AWARENESS ACTIVITIES

The public must be made aware of impending night con-
struction activities and be provided with an opportunity to be
involved in the planning stage. The public must also be kept
aware of progress during any night construction project.
When planning night construction, input should preferably
be obtained prior to any detailed design work (see NCHRP
Report 475). Public meetings, news media, or both can be
used to explain the reasonsfor night scheduling and to obtain
comments and suggestions from the community. In addition,
a phone number and address should be provided to the pub-
lic to gather comments and suggestions from the public.

In the weeks preceding the actual start date of the con-
struction, the public must beinformed of what isgoing to hap-
pen, whenitwill occur, and how itislikely to affect the public
(see Figure 40). The public should & so know about the things
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Figure40. Leaflet used by Caltransto inform the public
about what, why, and when night work will occur.

it might do to mitigate or avoid the anticipated impacts. After
the start of the work, the public should be kept abreast of
progress, changes, and actual conditions on a day-by-day or
week-by-week basis. If such “updating” information is not
provided vianews mediasources, the public should at |east be
provided with names and numbers of individuals who can be
called to get such information. Communication with the pub-
lic will normally be done through the public news media, by
direct contacts with night trip generators and public agencies,
and by posting specific information adjacent to the project
usingaCMS. A websiteisalso avery convenient way to com-
municate with alarge segment of the public.

3.6.1 Work Zone Public Awareness Campaign

Public awareness activities are extremely important for
night operationsin that, in addition to the normal concern of
informing the public about the schedule, alternate routing,
and so forth, several concerns become significant at night
only. These concerns typically are the concerns of the com-
munity with regard to noise and lighting that would normally
betolerable during daylight hours. The closer thework activ-
ity is to operating business and residential areas, the greater
isthe concern with night operations. Therefore, theissue that
must be dealt with isnot only public awareness, but also pub-
lic relations aimed at mitigating the real or perceived nega
tive effects of night work on the public.

Construction noise that may be acceptable in daylight
hours may be unacceptable at night. Also, work zone light-
ing and associated glare may not be acceptable if the siteis
in a residential area. Although the sources of glare and of
noise (such asvehicle backing alarms, piledriving, and pave-
ment breaking) cannot be alleviated, negative public reaction
can perhaps be mitigated if the publicisfully informed about

and prepared for the activity and is hel ped to understand why
the activity is necessary.

Another element of a public awareness campaign should
involveidentification of the anticipated trafficimpactsand the
schedules associated with the impacts. Traffic-related infor-
mation should include road closures, changes in travel pat-
terns, increased travel on detour and diversion routes, user
security on secondary routes, and accessto businesses, enter-
tainment facilities, and so forth. Thistype of information must
also be updated as a project progresses.

3.6.2 Information Requirements
and Media Contacts

Specific information should be developed to describe the
location and nature of the night work activity, including the
expected impact on traffic patterns (e.g., x-minute delays can
be expected). Any viable suggestionsfor aternativetravel pat-
terns and routing should be provided. Additionaly, the spe-
cific work schedule (in hours and days) and the overall dura-
tion of the work should be specified. If the project involves a
night-only schedule, the public must know that daylight
travel will be normal. Theinformation provided must be cor-
rect, as credibility can be affected if amessage isinaccurate.

The information may be provided to the local media (e.g.,
newspaper, television, and radio) in theform of pressreleases
in advance of the start of night work. Frequently, local radio
stations will include information about planned and active
closures in their regularly scheduled traffic-monitoring
broadcasts.

In addition to the information described previously, apress
release should identify contact personsin the agency, and an
Internet address if one is maintained, for questions and fol-
lowup. To relieve agency personnel of some of the adminis-
trative load associated with maintaining public awareness,
contracts sometimes require the purchase of public service
announcements.

3.6.3 Involvement with Local Officials
and Business and Industry Contacts

The types of information identified previously should be
provided directly to local officials and selected business and
industry contacts. This provision should include automabile
clubs and any major night traffic generators, such as shop-
ping centers and major entertainment or sportsfacilities. Itis
particularly important to directly provide the information to
any industrial plants that have night shift operations and
whose workers are likely to use the work zone during the
hours of work activity. To avoid total reliance on the media,
it is desirable to design information rel eases that can be dis-
tributed to and posted in such plants.



If possible, meeting with local officials and selective busi-
ness and industry leaders prior to initiation of a project (i.e.,
in the planning stages) is desirable to obtain input asto prob-
lems foreseen or suggestions related to timing or nightly
schedules. Although implementing suggestions or avoiding
all of the problems identified may be impossible, mitigating
some of the anticipated negative effects via modifications to
the operational plan may be possible.

Information must also be provided tolocal police agencies
and emergency service agencies (e.g., fire department and
ambulance services) far enough in advance of the construction
or maintenance activity that appropriate changesin emergency
response procedures can be planned.

When feasible, the agency should establish aworking rela-
tionship and contact with local news outlets so that schedule
changes and progress updates can be provided on a regular
basis. Direct contact with emergency service agencies should
be madeto inform local news outlets about schedule changes.
Methods currently used to accomplish these goals include

+ Mediataps into traffic command centers for road clo-
sure and other construction-related information,

+ A websitethat isupdated regularly for lane closures and
other information, and

« Atoll-freetelephoneline (specifying road or trafficinfor-
mation) that can be accessed by anyone.

To maximize the number of people informed, use a combi-
nation of communication methods.

3.6.4 Project Signing Recommendations

In addition to using news media, websites, and toll-free
telephone lines, advance notice of night operations should
also be posted adjacent to the planned work site, particularly
on roadway sectionsthat normally carry significant commuter
traffic and other local traffic at night. Project signing can pro-
vide advance notification with static signs or CMSs. Large
black-on-orange static signs can be used to list work loca-
tions and dates and to suggest alternative routes. To be legi-
ble at operating speeds, the messages on these signs must be
restricted to no more than three lines of text, with no more
than a few words per line. When it is hecessary to provide
longer messages, the information must be displayed on mul-
tiple signs spaced at least 150 m (500 ft) apart, with no other
signs between them. It is important for these signs to be
located where good sight distanceisavailable and where they
will not interfere with other signs. On roadwayswith three or
more lanes, these signs should be posted on both the left and
right side of the roadway.

CM Ss should be used to supplement fixed signs for afew
days before work begins by displaying specific information
on the nature of the work and the schedule. An example of
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an appropriate two-part message is “Night Paving: 10 PM—
6 AM/Starts Aug. 15.”

NIGHT PAVING

10PM-6 AM

NIGHT PAVING

STARTS AUG. 15

When the work is actually underway, messages on the
CMSs should be revised to provide information specific to
that operation. An example of an appropriate message would
be the following:

NIGHT PAVING AHEAD

LEFT 2 LANES CLOSED

During nonworking hours and days off, the message would
revert to the following:

NIGHT PAVING

10PM-6 AM

Additional information on CMSsis provided in Section 2.3.

3.6.5 Highway Advisory Radio

Highway Advisory Radio (HAR) isanother useful meansto
inform drivers. Specific detailson night work operationsshould
be broadcast on HAR when equipment is available. Signs
advising drivers of the availability of HAR should be posted in
advance of the project. To enhancethe credibility of HAR, only
concise, up-to-date information providing specific travel
instructions should actually be provided. Use of HAR to broad-
cast general information or safety slogans may cause driversto
question the HAR's value. Likewise, signs aderting drivers to
the availability of HAR must be displayed only when HAR is
in operation. To maintain system credibility, these signs must
be removed or covered when HAR is not operational.
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3.6.6 Internet Website

Most DOTs and many communities already have web-
sites, and DOTs already use these websites to list construc-
tion activity. With more than a third of the public having
access to the Internet, a website is a valuable method for
communication with the public. In addition to giving infor-
mation about what will be done and why it must be done at
night, the website can provide timely information about clo-
sures and delays, as well as phone numbers and HAR avail-
ability to obtain further information. The website is also a
useful medium for the public to raise questions and to make
its suggestions of how to reduce the negative impact of the
night work.

3.6.7 Monitoring Work Schedules

Someone must be assigned to monitor the work schedules
so that information regarding delays, changes in the areas
scheduled for work activity, and so forth can be given to the
individual responsiblefor contacting the mediasources. The
assignment of a specific individual to this activity will help
ensure that relevant information is provided to the public in
atimely manner. Although thisassignment isalso arequire-
ment for daylight operations, it is more important for night
operations because drivers do not expect night activities. To
ensurethat the messages are appropriate to ongoing activity,
the same person should be assigned to review the messages
to be conveyed viaany CMSs used.
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TYPICAL APPLICATIONS FOR NIGHT WORK

This appendix contains seven sets of typical application
drawings showing examples of traffic control setupsfor night
work. Thesedrawingsare similar informat and appearanceto
typical application drawings provided in Section 6H of the
Manual on Uniform Traffic Control Devices(MUTCD). The
same symbols used for traffic control devicesinthe MUTCD
are used here, although some additional symbols are added:

Arrow panel

Arrow panel support or trailer

00O

Channelizing device
—> Direction of traffic

|—> Direction of temporary traffic detour

T flagger
High-level warning device (flag tree)

o-o— Luminaire
\\\\\ Pavement markings that should be

removed for a long-term project

Sign (shown facing left)

Temporary barrier

Temporary barrier with warning lights

Surveyor

Traffic or pedestrian signal

Truck-mounted attenuator

Type Ill barricade

Crash cushion

Changeable message sign or support trailer

Warning lights

Work space

Work vehicle

Portable light tower -- rays indicate direction of aim

Arrestor net

Intrusion alarm

Police cruiser

Watch guard vehicle

Itisimportant to point out that the drawings provided in this
appendix are intended to supplement the drawings in the
MUTCD—they do not supersede those drawings. These night
work typical applications illustrate the information provided
throughout this report and provide examples of how MUTCD
applications can be enhanced to address the added concerns
associated with night work. Some of these drawingsalso pro-
vide information on traffic control setup, adjustment, and
removal procedures. In addition, a sample of a temporary
lighting plan for night work is shown. These drawings are
intended to illustrate the information provided in the report
and to provide examples of how traffic control plansfor night
work may be developed. However, they specifically do not
establish a standard or constitute recommended practice.

Likethetypical applicationsintheMUTCD, thesedrawings
are supplemented by notes. While the notes in the MUTCD
provide standards and guidance aswell as options and support
(information), the notes in this appendix are intended to pro-
vide support (information) and discuss options. However, they
do not provide standards or specific guidance. That remains
the function of the MUTCD.

The following night work typical application (NWTA)
drawings are provided:

* NWTA-1—Lane closure on divided highway for night
work;

* NWTA-2—Freeway closure for night work with traffic
diversion to service road;

* NWTA-3—On-ramp closures for night work;

* NWTA-4—Freeway shoulder closure using temporary
concrete barrier with lane closure for night work;

* NWTA-5—Freeway median crossover for night work
using moveabl e concrete barrier;

* NWTA-6—Night work on two-lane, two-way roadway
using flaggersto control alternating one-way traffic; and

+ NWTA-7—Night work lane closure with lighting plan
details.

NWTA-1—LANE CLOSURE ON DIVIDED
HIGHWAY FOR NIGHT WORK

See Figure NWTA-1. Refer to MUTCD TA-33 for addi-
tional information.

1. Advance warning distances shown are appropriate for
55-mph highways. Distances may be adjusted for other
speeds or for specia situations—see Section 1.2.8 of
this report.
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i (Optional)
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NWTA-1A. Right Lane Closure

(1) See Note 5 for taper length.

NWTA-1B. Lane Closure Setup

(2) See Notes 6 & 7 for channelizing device details.
(3) Refer to Section 1.2.8 of the report and MUTCD Tables 6C-1 and 6H-3

NWTA-1C Lane Closure Changeover

for spacing of advance warning signs.

Figure NWTA-1. Lane closure on divided highway for night work.

2. A BE PREPARED TO STOP sign (W20-7) may be

added if traffic is slowing excessively or stopping at
the merge area—see Section 1.2.8.

. A portable or permanent CM S may be used to provide

advance project information or driver guidance spe-
cific to the night operation. For information on use
and message content, see Section 2.3.

. Taper starting point should be located to provide good

sight distance, be separated from other conflict points,
and be located where roadside recovery areais avail-
able, see Section 1.2.1.

. Recommended taper length—see Section 1.2, Tech

Note 1, and 1.2.

. Channelizing devices are drums, 300 mm by 600 mm

vertical panels, or Type Il barricades (and 900-mm
conesonly in the tangent sections)—see Section 2.1.1.

10.

11

Channédlizing device spacing in metersequals 0.3 times
the speed limit in miles per hour, with a maximum of
12 m. Spacing is halved at ramps, intersections, and
other conflict points—see Sections 1.2.6 and 2.1.2.
Longitudinal and lateral buffer spaces—see Section
1.2.3.

Where lateral buffer space is not available, a flagger
or spotter may be used to protect workers close to the
travel lane—see Sections 1.2.3 and 2.5.

Where positive separation between the traffic space
and work spaceisdesirable, temporary barrier may be
added—see Sections 1.2.4 and 2.6.2.

Midlane devices are provided at 225-m maximum
spacing to reduce risk of intrusions when work opera-
tions permit and to mark pavement excavations. Type



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Il or Il barricades, drums, or 300 mm by 600 mm

vertical panels are suitable—see Section 1.2.6.

Type A warning lights are installed on the first two

channelizing devices on the taper—see Section 1.2.6.

Type B warning lights may be added to enhance the

conspicuity of advance warning signs—see Section

2.2.10.

Type C arrow panel operating in the left arrow or

chevron mode is placed on the shoulder at the start of

the taper if space permits or farther downstreaminthe

taper if necessary—see Sections 1.2.7 and 2.4.

DO NOT PASS signs (R4-1) may be added through-

out the closure at 0.8-km spacing wherelong laneclo-

sures and spotty work activities may result in impa-

tient drivers attempting to pass—see Section 1.2.8.

When each lane must be alternately closed over the

work shift, see 1.2.9 for information on which lane to

closefirst.

A shadow vehicle with a truck-mounted attenuator

(TMA) is positioned upstream of workers or equip-

ment when work operations are concentrated at spe-

cific locations—see Section 2.6.7.

Anintrusion alarm may be located in the longitudinal

buffer space or at other locations upstream of thework

operation when construction traffic will not trigger

false alarms—see Section 2.6.9.

For lighting and protection details for work vehicles

and workers, see Sections 2.7 and 2.8.

For information on temporary lighting, see Section

2.9. NWTA-7 shows asample temporary lighting plan

setup.

Setup and removal sequences—see Section 3.3.5.

» Activate changeable message sign (CMS) with
operation-specific message.

» Advance warning signs are placed or uncovered.
Workers are protected by work or police vehicles
on the shoulder. Workers should not cross active
traffic lanesto place signs.

» Arrow panel is placed and activated on the shoul-
der, and the light tower is placed downstream from
the arrow panel.

» Channelizing devices are set in the taper working
from awork vehiclewith TMA. Police or work vehi-
cleswith TMA may be used to form arolling road-
block when traffic conditions are severe.

+ Channelizing devicesare set in tangent section work-
ing from work vehicle, protected by TMA or police
cruiser, and midlane devices are placed.

* Remaining signsand devices are placed using work
vehiclewith TMA to protect workers. Light towers
are placed in the work space.

» Removal sequence proceedsin reverse order.

Lane changeover sequence—see Sections 1.2.9 and

3.3.6.
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» Channelizing devicesin shift areaare placed on the
shoulder prior to start of the changeover.

* Policecruiser or protection vehiclewith TMA delays
traffic in open lane.

* Workers relocate devices to form shift taper along
each side of the travel lane while traffic is delayed.
Refer to Section 1.2.6 for recommended lateral clear-
ance between channdlizing devicesin the shift taper.

» Largearrow (W1-6) isplaced at the start of thetaper.

+ Portable light tower is set up at the start of the shift
taper.

» Trafficisallowed to proceed.

» Removal sequence proceedsin reverse order.

NWTA-2—FREEWAY CLOSURE FOR NIGHT
WORK WITH TRAFFIC DIVERSION TO SERVICE

ROAD

See Figure NWTA-2. Refer to MUTCD TA-37 for addi-
tional guidance on freeway lane closures.

1

Refer to NWTA-1 for additional details on advance
signing, taper details, and channelizing devicetypeand
spacing.

Where space permits, a distance of 2L is desirable
between tapers to smooth flow, with a minimum of
0.5L—see Section 1.2.9.3.

An arrestor net is shown for intrusion protection.
Other options may be appropriate, and a watch guard
or police cruiser may be used with or without the
arrestor net—see Section 1.1.6.

Stopping distance beyond the arrestor net is based on
design parameters for the specific install ation—see
Section 2.6.8.

TypeA warning lights are used on thefirst two devices
in each taper and on Type Il barricades across the
closed roadway—see Sections 1.1.5, 1.2.6, and 2.1.6.
A Type C arrow panel operating in the right arrow or
chevron mode is placed on the shoulder at the start of
the left-lane taper if space permits, or farther down-
stream inthetaper if necessary. Another Type C arrow
panel is placed in the center-lane taper corresponding
to the placement location for the |eft-lane taper. No
arrow panel isused for the right-lane shift—see Sec-
tions 1.2.7 and 2.4.

Channelizing devices for the right-lane shift taper are
Typelll barricades placed in a continuous array—see
Sections 1.1.3, 1.2.6, and 2.1.2.

Width of travel lane at diversion fromthemainlineis
based on geometry and expected vehicles, with adesir-
able maximum of 4.5 m to prevent passing—see Sec-
tion 1.1.3.

Detour route signs are provided on the service road
from the closure to the return to the main line—see
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Midlane Devices —}——_|

See Note 11

Figure NWTA-2.
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<Full message is: NITE WORK EXITS 57-59
USE SERVICE ROAD

Freeway closure for night work with traffic diversion to service road.



10.

11.

12.

13.

14.

15.

Section 1.1.2. MUTCD TA-9 shows typical detour
route signing.

Advance warning distances shown are appropriate for
55-mph highways. Distances may be adjusted for other
speeds or for special situations—see Sections 1.1.1
and 1.2.8.

A BE PREPARED TO STOP sign (W20-7) may be
added if traffic is owing excessively or stopping at
the merge area—see Section 1.2.8.

A portable or permanent CM S may be used to provide
advance project information or driver guidance spe-
cific to the operation. For guidance on use and mes-
sage content, see Sections 1.1.8 and 2.3.

For lighting and protection details for work vehicles
and workers, see Sections 2.7 and 2.8.

For information on temporary lighting, see Section 2.9.
NWTA-7 provides a sample temporary lighting plan
setup.

NWTA-1 provides details on setup and removal
sequences. Detour signs on the service road must be
placed or uncovered prior to diverting traffic from the
main line and removed or covered when the main line
isreopened. In addition, the serviceroad | eft-lane clo-
sureis placed prior to diverting traffic from the main
line.

NWTA-3—ON-RAMP CLOSURES FOR NIGHT
WORK

See Figure NWTA-3. Refer to MUTCD TA-8 for addi-
tional information on road closures and detours.

NWTA-3A—On-ramp closure from service road:

1

A continuous array of Type Il barricades is used to
closethe entrance to the ramp from the service road—
see Section 1.1.3.

A second row of Type Il barricadesis placed perpen-
dicular to the ramp downstream from the service road.
An advance posting distance of 150 m is adequate for
the RAMP CLOSED AHEAD sign for speeds of
45 mph or less, with additiona distance provided for
higher speeds—see Section 1.1.1.

Two Type A warning lights are mounted at the top of
thefirst Typelll barricade adjacent to the service road.
Type A warning lights are spaced at approximately
1.2-1.5 m on the barricades perpendicular to the
ramp—see Sections 1.1.5 and 2.1.6.

In NWTA-3A, an arrestor net is used for intrusion
protection. A police cruiser or watch guard may be
used with or without the arrestor. NWTA-3B shows
an alternate treatment using Type |11 barricades. For
other treatments, see Section 1.1.6.

Stopping distance beyond the arrestor net is based on
design parameters for the specific install ation—see
Section 2.6.8.

7.
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Construction traffic may be allowed to enter if apath
is available around the barricades and arrestor net.
The work entrance must not encourage deliberate or
inadvertent intrusions.

RAMP CLOSED signs are placed behind the Typell|
barricades along the service road, oriented perpendic-
ular to the service road, and above the second row of
barricades, oriented perpendicular to the ramp.

NWTA-3B—On-ramp closure from cross street:

1

An advance posting distance of 150 mfor the DETOUR
AHEAD sign (W20-2) on each approach is adeguate
for speeds of 45 mph or less, with additional distance
provided for higher speeds—see Section 1.1.1.
Typelll barricades are placed continuously acrossthe
on-ramp to prevent entrance—see Section 1.1.3. Type
Il barricades are also placed across the westbound
(WB) off-ramp to prevent wrong-way intrusions.
Type A warning lights are spaced at 1.2—1.5 m on both
sets of barricades—see Sections 1.1.5 and 2.1.6.

The detour signing shown is based on the assumption
that the WB expressway traffic is detoured onto the
eastbound (EB) expressway to an alternate route at an
exit farther east. Other detour routes should be signed
appropriately—see Section 1.1.2.

In NWTA-3B, multiple rows of barricades are used
for intrusion protection. A policecruiser or watch guard
may be used with or without the barricades. NWTA-
3A shows an alternate treatment using an arrestor net.
For other treatments, see Section 1.1.6.

Regulatory RAMP CLOSED signs are placed above
and behind the barricades on both the on- and off-
ramps.

Two DETOUR ARROW signs (M4-10) are placed on
the face of the barricades on the on-ramp.

Where exit lanes or turn bays are provided for the on-
ramp, channelizing devices will be needed to close
them aswell.

If traffic speed and/or ramp volumes are high, or other
conditionsindicate the need for it, aRAMP CLOSED
AHEAD (W20-3) sign may be added upstream of the
DETOUR AHEAD sign.

NWTA-4—FREEWAY SHOULDER CLOSURE
USING TEMPORARY CONCRETE BARRIER
WITH LANE CLOSURE FOR NIGHT WORK

SeeFigureNWTA-4. Refer toMUTCD TA-5and MUTCD
TA-33 for additional information on shoulder and lane
closures.

1

Temporary concrete barrier (TCB) isused when long-
term activities on the shoulder require positive pro-
tection—exampl es include deep excavations or tem-
porary bridge supports—see Sections 1.2.4 and 2.6.2.
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NWTA-3A. On-Ramp Closure from Service Road
Figure NWTA-3. On-ramp closures for night work.

2. NWTA-4A shows shoulder closure detailsfor periods 5. Buffer spaceis shown between the downstream end of
when the lane closureis not in place. thetaper and the TCB. For information on buffer space,
3. Information on channelizing device type and spacing see Section 1.2.3.
is provided in NWTA-1. For additional information, 6. A shadow vehicle with TMA is shown in the closed
see Sections 2.1.1 and 2.1.2. lane to protect workers and the public—see Section

4. Shoulder taper length is (1/3) L—see Section 1.2.9.3. 2.6.7.
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NWTA-3B. On-Ramp Closure from Cross Street
Figure NWTA-3.  Continued

7. Severa options are available for work vehicles to
enter the closed lane, depending on site and traffic
characteristics:

» Work vehicle enters on shoulder between shadow
vehicle and TCB.

* Work vehicle backsinto position from downstream
end of closed lane.

* Work vehicle enters closed lane from the open
travel lane, but only if traffic conditions permit. A
worker may need to relocate one or two channel-

izing devices temporarily to permit the work vehi-
cleto enter.

+ Detailsfor work vehicle access should be addressed
inthe contractor’ soperational plan—see Section 3.1.

. NWTA-1 shows details of lane closure setup and

removal sequences, which are appropriate for NWTA-
4B. In addition to those steps, the advance warning
signsfor NWTA-4A must be covered or removed when
thelane closure signsare placed, and restored when the
lane closure isremoved. One option isto placethe lane
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wla ROA[E)NV?IORK (optional)

(1) Flare rate — see Note 11.
(2) Taper length = 1/3L — see Note 4.
(3) Buffer space — see Note 5.

Warning lights or delineators —>

(1 See Note 11
re: barrier end treatment

A

1/3L (2)

o

T

&L See MUTCD TA-5 for
advance signing details.

M B B

NWTA-4A. Shoulder-Closure - Non-Work Hours

Figure NWTA-4. Freeway shoulder closure using temporary concrete barrier with lane closure for
night work.
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(1) Taper length L — see NWTA-1 & 2.
— (2) Buffer space — see Note 5.

(8) See NWTA-4A for barrier details.

(3) See Note 3 for channelizing

devices spacing.

Midlane Devices — See Note 15.

/See Note 11.

See NWTA-1 for details of advance
signing for right lane closure.

NWTA-4B. Right-Lane Closed for Night Operations

Figure NWTA-4. Continued



102

10.

11

12.

13.

14.

15.

closuresignsover the shoulder closuresignsif theloca
tions of the signs coincide.

An dternative to the setup shown isto use moveable
concretebarrier. It would be positioned along the edge
of the shoulder during nonwork hours and shifted to
close the lane during work hours—see Section 2.6.2.
This alternative provides positive protection for the
entire work operation, although cost and initial setup
and final removal times may increase.

If moveable barrier isused, thelane closureisinstaled
by first setting up the lane closure advance signing
and channelizing devices following the procedurein
NWTA-1. Then the barrier is shifted into position.
Removal proceeds in the reverse order.

For information on barrier flare rates and end treat-
ments, see Section 1.2.4.

For lighting and protection details for work vehicles
and workers, see Sections 2.7 and 2.8.

For information on temporary lighting, see Section 2.9.
NWTA-7 shows a sample temporary lighting plan
setup.

Only the northbound (NB) roadway is shown. Traffic
control may also be needed for the southbound (SB)
roadway if traffic operations are affected.

Two midlane devices are shown in the buffer space—
their use depends on the length of the buffer space—
see Section 1.2.6.

NWTA-5—FREEWAY MEDIAN CROSSOVER
FOR NIGHT WORK USING MOVEABLE
CONCRETE BARRIER

See Figure NWTA-5. Refer to MUTCD TA-39 and TA-45
for additional information.

1

Use of moveable barrier may be appropriate when traf-
fic speed and volume during night work hoursindicate
the need for positive separation between opposing traf-
fic streams—see Sections 1.2.4 and 2.6.2.

NWTA-1 shows details on advance signing for lane
closures.

Channelizing devices are drums, 300 mm by 600 mm
vertical panels, or Type Il barricades (and 900-mm
cones only in the tangent sections)—see Sections 2.1.1
and 2.1.2.

Channelizing device spacing in metersequals 0.3 times
the speed limit in miles per hour, with a maximum of
12 m. Spacing is halved at ramps, intersections, and
other conflict points—see Section 1.2.6.

A portable or permanent CM S may be used to provide
advance project information or driver guidance spe-
cific to the night operation. For information on use
and message content, see Section 2.3.

Where space permits, a distance of 2L is desirable
between the NB lane closure taper and the crossover

10.

11

shift taper to smooth flow, with aminimum of 0.5L—

see Section 1.2.2.

Information on design of the crossover geometry is

provided in MUTCD TA-39.

Appropriate points for work vehicles to enter the

work space should be identified in the contractor’s

operational plan—see Section 3.1. Entrancefromthe
shoulder prior to the right lane closure or from the
downstream end of the work space, is preferred.

Work vehicles entering from the tapers, single lane,

or crossover are discouraged to minimize the risk of

interference with traffic flow.

NWTA-5 includes multiple rows of Type Il barri-

cades and a watch guard to discourage traffic intru-

sions beyond the roadway closure. Alternate meansto
discourage intrusions include arrestor nets (shown in

NWTA-2) and police patrols—see Section 1.1.6.

Depending on the alignment and total length of the

crossovers, use of either curve W1-2 or reverse curve

W1-4 signs may be appropriate to aert drivers to the

alignment changes.

The setup and removal sequence for thisNWTA isas

follows:

* Install SB |eft-lane closure—see NWTA-1 for setup
sequence.

+ Shift barrier into position downstream from the
left-lane closure using the barrier transfer machine.
Additional protection is not needed during the bar-
rier shift—see Sections 2.6.2 and 2.6.3.

» Working from the closed SB left lane and median,
place channelizing devices and signsthroughout the
length of the crossover.

+ Install NB right-lane closure—see NWTA-1 for
setup sequence.

» Usearoalling roadblock of work vehicles or police
cruisersto delay traffic briefly while placing chan-
nelizing devices for the NB shift taper into the
CroSsover.

» Complete placement of roadway closure barricades,
signs, and intrusion safeguards in the closed NB
roadway.

+ Removal proceedsin reverse order.

NWTA-6—NIGHT WORK ON TWO-LANE
TWO-WAY ROADWAY USING FLAGGERS TO
CONTROL ALTERNATING ONE-WAY TRAFFIC

See Figure NWTA-6. Refer to MUTCD TA-10 for addi-

1

2.

tional information.

Advance warning distances shown are appropriate for
55-mph highways. Distances may be adjusted for other
speeds or for specia situations—see Section 1.2.8.
SB warning signs are normally the same as shown for
NB, but may be adjusted if conditions are different.
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See NWTA-1 for (1) Taper length L — see Note 6.
advance signing. ‘ ‘ (2) See Note 4 for channelizing
— device spacing.

1]
4

(3) Barrier transporter in
upstream position.
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Figure NWTA-5. Freeway median crossover for night work using moveable concrete barrier.
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Southbound signing similar ‘ t END
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See Notes 5 & 6 for Channelizing Device
type and spacing details.
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Figure NWTA-6. Night work on two-lane, two-way roadway using flaggers to control alternating one-
way traffic.
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10.

11

12.

A portable or permanent CM S may be used to provide
advance project information or driver guidance spe-
cific to the night operation. For information on use
and message content, see Section 2.3.

Portablelight towersare used to illuminate the flagger
stations and work space—see Sections 2.9 and 2.5.2.
Channelizing devices are drums, 300 mm by 600 mm
vertical panels, or Type Il barricades, and 900-mm
cones only in the tangent sections—see Section 2.1.1.
Channelizing device spacing in metersequals 0.3 times
the speed limit in miles per hour, with a maximum of
12 m. Spacing is halved at ramps, intersections, and
other conflict points—see Section 1.2.6.

Flagger stations are located to provide good sight dis-
tance approaching the flagger and to provide buffer
space before the work space. In addition, flaggers are
isolated from other workers and equi pment—see Sec-
tion2.5.3.

Reflectorized stop-slow paddles are used for flagging.
Flashing lights may be added to the staff—see Section
2.5.4.

For information on flagging procedures, training, and
apparel, see Sections 2.5 and 3.1.1.

Traffic control consisting of a flagger or other posi-
tive means is needed at al intersections and drive-
ways within the one-way section.

Positive coordination between flaggersisessential . At
aminimum, radio communication is needed. Use of a
pilot vehicle also provides speed control and reduces
the risk of work space intrusions. Pilot vehicles are
especially appropriate for long one-way sections.
When approach speeds and volumes are high, a BE
PREPARED TO STOP sign (W20-7) may be added
upstream of the flagger sign (W20-7).

13.

14.

15.

When flagging operations are conducted at the same
location for extended periods, use of temporary traf-
fic signals may offer cost and safety advantages—see
Section 2.5.6. MUTCD TA-12 provides additional
information on temporary signal installations.
TypeA or Type B warning lights are used on the flag-
ger signsto increase conspicuity.

Flagger, ONE LANE ROAD, and BE PREPARED TO
STOP signs are removed when the roadway isreturned
to normal two-way operations. However, the ROAD
WORK and other appropriate signsremain in place if
needed to warn drivers of other conditions associated
with the work.

NWTA-7—NIGHT WORK LANE CLOSURE WITH
LIGHTING PLAN DETAILS

See Figure NWTA-7. Refer to MUTCD TA-32 for addi-
tional information on lane closures.

1

Refer to NWTA-1 and NWTA-2 for detailson advance
signing and other traffic control devicesused for night
lane closures.

Details on channelizing device type and spacing are
provided in NWTA-1 and NWTA-2. Nine-hundred-
millimeter cones spaced at amaximum of 6 m may be
used to separate opposing traffic if roadway width is
limited.

Placement and spacing of portable light towersis based
on specific luminaire properties shown in Figures
34-36. For other luminaire properties, placement and
spacing must be changed to ensurethat illuminance, uni-
formity, and glare criteriaare satisfied—see Section 2.9.
Information on longitudinal and lateral buffer spaces
isprovided in NWTA-1.




TECHNICAL NOTES

1

2.

Tech Note Table 1 providing criteria for taper lengths was
taken from the MUTCD Table 6C-2.

A study of the effects of taper length on traffic operations in
work zones suggested the formula L = WS?/60, which resultsin
a shorter taper length without greater traffic conflicts or an
increase in erratic maneuvers from the standard taper length
formulaof L =WS. Particularly at urban sites, the advantage of
the shorter taper length isless interference with driveways and
intersections. MUTCD use of shorter taper lengths at slower
speeds appears to reflect these findings (49).

. Texas DOT has tried and evaluated both of these methods.

When the use of a shoulder lane is possible, the traffic control
device (TCD) sequence included (1) an advance sign inform-
ing the driver how far ahead the use of the shoulder was per-
mitted, (2) asign identifying the beginning of permitted shoul-
der use (along with a short cone taper to mark the start of the
shoulder use section), (3) asign specifying that shoulder useis
permitted and that caution should be used (located throughout the
shoulder use section), and (4) a sign identifying the end of per-
mitted shoulder use (along with a short cone taper to mark the
end of the shoulder use section). There is no standard advance
signing for atraffic split. However, Texas DOT has used an
innovative lane blocked sign and a symbolic traffic split sign
successfully (47, 50).

. Thellluminating Engineering Society (IES) recommends 2-10

lux, depending on the level of pedestrian activity. Because of
the potential level of danger and the novelty of the temporary
situation, the highest light level is recommended (40).

. An FHWA-sponsored study containing observations of more

than 7,000 pedestrian crossings found that mean walking
speeds range from approximately 3.94 ft/s to 4.79 ft/s. The
15th-percentile walking speed for younger pedestrians (i.e.,
pedestrians under 65 years of age) was 3.97 ft/s, and the 15th-
percentile walking speed for older pedestrians (i.e., pedestrians
over 65 years of age) was 3.08 ft/s. For design purposes, values
of 4.0 ft/sfor younger pedestrians and 3.0 ft/s for older pedes-
trians can be assumed (10).

. New York State permits the use of cones in tangent sections

and the alternate use with barrels, as suggested in thisreport (6).

. An FHWA research study showed that the use of brighter mate-

rials could offset the effects of smaller size of retroreflective
traffic signs (57). During daylight, the small spatial area of the
tubular device limits its visibility to relatively short distances.
At night, the small reflective areamay act asapoint light source
(i.e., alight source whose detection is not affected by the size
of thetarget). Although the research has not been done, one can
hypothesize that the more reflective the material used on atubu-
lar marker, the farther away the marker will be detected and the
less its limited target size will affect its utility as a channeliz-
ing device. The marker’ ssmall size, however, will still limitits
usefulness as a barrier to restrict intrusions.

. Field testing has indicated that opposing lane traffic dividers

show much promise (51). Note that the device tested isnow in
mass production in certain areas.

. On the basis of extensive experience with night work, the

NY SDOT continuesto specify engineer-grade reflective sheet-

10.

11.

12.

13.
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ing on channelizing devices. However, some other agencies
require brighter grades of sheeting. For example, lowarequires
Type |l or IV sheeting on channelizing devices.

In addition to having the obvious disadvantage of shorter recog-
nition distance, dimmer materialsincrease the scanning behav-
ior of drivers toward lane or edge lines, therefore possibly
detracting from detection of other critical work zone features
or signing information (52). An additional consideration in
choosing the brightness of the pavement markingsis the needs
of older drivers. Older driversrequire brighter materialsto visu-
aly perform at the level of younger drivers (53).

Although no research directly relates to the question of sign
spacing, a generally accepted model allows for reasonable
guidelines. Two recent reports suggest adecision sight distance
(DSD) requirement of 5.5 s for establishing the minimum
required legibility distance (MRLD) on which letter height and
sign location should be based (54, 55). This time requirement
translates into a distance of 440 ft for vehicles traveling at
85 km/h (55 mph). A minimum spacing of 150 m (500 ft) will
therefore provide drivers with sufficient time to read one sign
before encountering another. The MRLD for speeds of 55 km/h
(35 mph) is85 m (275 ft) so that the spacing on low-speed roads
might be decreased to 90 m (300 ft).

Roadside-mounted traffic signs should be oriented dightly away
from perpendicular to reduce specular glare. A nomina value
for this deflection is —4 deg. As this angle (i.e., the entrance
angle) gets large, the retroreflectivity of most materialsis dra-
matically reduced. The retroreflectivity of Type Ill, encapsu-
lated, glass-bead, high-intensity sheeting is reduced by 40 per-
cent when the entrance angleis changed from —4 deg to 30 deg.
Theretroreflectivity of Type |V, unmetallized, microprismatic,
high-intensity sheeting is reduced by 67 percent when the
entrance angle is changed from —4 deg to 30 deg. Thisangular
change is in a plane perpendicular to the road edge. A similar
reduction in retroreflectivity should be expected when tilting a
sign away from perpendicular to the road edge while keeping
the sign essentially perpendicular to the ground (16).

At night, drivers with the poorest vision may read a traffic sign
a adistance of only 10 m (30 ft) per inch of |etter height, while
driverswith superior vision will read atraffic sign at better than
15 m (50 ft) per inch of letter height. Daytime performanceis at
least 10 percent better. However, driverswith poor vision areless
likely to drive at night, and those that do may approach a work
zone more dowly than other drivers do. With a 6-in., Series D
letter, one can expect 60—90 m (200-300 ft) of legibility. With a
20-cm (8-in.) letter, one can expect 75-120 m (250400 ft) of
legibility. At 90 km/h (55 mph), 60 m (200 ft) provides 2.5 sto
read a sign, which is sufficient time to read 2-5 words of sign
message. Performance with Series C letters may be somewhat
less. Research has shown that the letter series should not be
decreased in order to increase the letter height. Also, increasing
the stroke-width-to-height ratio, as with a Series E letter, may
control theirradiation effects of high-intensity material. Brighter
materials will not increase these distances very much. Bright-
ness hasits greatest effect on conspicuity, not legibility (56, 57).
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TECH NOTE TABLE 1 Criteriafor taper lengths (from MUTCD

Table 6C-2)
Type of Taper Taper Length
Upstream tapers
Merging taper at least L*
Shifting taper at least 0.5L
Shoulder taper at least 0.33L
One lane, two-way traffic taper 30 m (100 ft) maximum
Downstream taper 30 m (100 ft) per lane
* Note:

For speed limits of 60 km/h (40 mph) or less,

L (in meters) = WS?%155 and
L (in feet) = WS/60

Where

W= width of offset and

S = posted speed, or off-peak 85th-percentile speed prior to work starting, or the

anticipated operating speed.

For speed limits of 70 km/h (45 mph) or greater,

L (in meters) = WS1.6 and
L (infeet) = WS

14. lowarequires Diamond Grade™ fluorescent sheeting on signs,
and Florida requires Diamond Grade sheeting on signs.

15. The recommendation for high-intensity material is consistent
with the minimum retroreflectivity values being considered by
FHWA. The minimum valuesfor black-on-orange signs—which
vary by type of legend, size of sign, and type of material—are
shown in Tech Note Table 2. These values are currently being
revised by the FHWA to account for recent changes in head-
lamp technology and sign materials. Although the revised val-
ues may be somewhat higher, the general discussion that fol-
lows will still be applicable.

The R, for bold legends is lower than the R, required for
text, the R, for large signsislower than for small signs, and the
Ra for high-performance materials is greater than for low-
performance materials. While the minimum vaues of R, vary
for different material, the luminance that results at larger obser-

TECH NOTE TABLE 2 Minimum retror eflectivity
guidelinesfor black-on-yellow and black-on-orange
warning signs

Sign Size
Legend Material Type >=48-in 36-in <=30-in
Bold Symbol All Materials 15 20 25
Fine Symbol & Word | 20 30 45
I 25 40 60
1] 30 50 80
IV & VIl 40 70 120

Notes:

1. cd/1ux/m? is measured at an entrance angle of —4 deg and an observation angle
of 0.2 deg.
2. 1in.=254mm.

16.

17.

vation angles will be amost the same because of differencesin
the optics of each type of material (27).

The ASTM minimum specification of R, for Type 1 Engi-
neering Grade orange sheeting is 25 at 0.2 alpha, —4 beta, which
suggeststhat this material may be used with standard size signs
and all signswith bold symbols. In practice, the material typi-
cally hasan R, at least 20 percent greater when new. However
most construction signs use text and not bold symbols and new
Type 1 sheeting will not meet the requirements for 75 cm (30-
inch) signs while providing no more than 50-percent excess
reflectivity for 120 cm (48-inch) signs. Signs with Type 3 or
greater reflectivity are needed to provide minimum brightness
on small signs and a sufficient margin of safety with standard
signsin complex backgrounds and high-speed situations. Type
3 materials are recommended since they permit greater degra-
dation before needing replacement while providing for greater
conspicuity when new (16, 27).

Rollup signs are made from Type VI material, which has an
ASTM specification for retroreflectivity of 70 cd/lux/m? at 0.2
alpha, —4 beta. This retroreflectivity is significantly less than
that for Type |11 material (100 cd/lux/m?). A recent evaluation
of theweathering of thismaterial suggeststhat rollup signs may
fail to meet ASTM specifications with less than 24 months of
exposure (58). The retroreflectivity of rollup signs limit their
use at night to low-speed, low-volume roads. Also, the low-
mounting heights of rollup signs make rollup signsinappropri-
ate at night, except for two-lane roads.

Several reports suggest that a nominal value for the decision
sight distance for traffic signsrequiring alane change or speed
reduction maneuver is 5.5 s. At 90 km/h (55 mph), this value
trandatesinto alegibility requirement of 135 m (445 ft). Signs
that do not require amaneuver, such as most construction warn-
ing signs, require only a 2-3-s exposure (54, 55).

Dudek (59) identified four discrete formats shownin Tech Note
Figure 1. The compact and chunk extended are the two formats



18.

19.

109

COMP ACT WYERTICAL CHUNIK EXTENDED
ROAD BLOCKED RO&D ROAD BLOCKED AT MILTOM
AT MILTOM BLOCKED IUSE BYPASS NEXT 3EXITS
USE BYPASS ml_mm
MEXT 3EXITS USE

BYP ASS

MEXT

JEXITS

ME SSAGE EXTEMDED

ROAD BLOCKED AT MIILTOMN USE BYPASS MNEXT 3 EXITS

Tech Note Figure 1.  Four discrete formats for displays (from Dudek [59]).

recommended for discrete displays. Either the compact or chunk
extended are acceptable for night work zones. Knoblauch et al.
(60) devel oped messagesfor the vertical format based upon the
limitation that the CMS would permit a maximum of eight
characters per line.

The minimum required legibility distance (MRLD) is deter-
mined by a variety of factors, including workload, message
load, messagelength, familiarity, decision complexity, and dis-
play format.

Workload increases as the complexity of the driving task
increases because of extremes in geometrics, heavier traffic
volumes, increases in the percentage of trucks, traffic con-
flicts, and visual complexity of the environment. Increased
workload means drivers must attend to the information that
they feel is most important to them. Therefore, as workload
increases, drivers have less time to read sign messages. Long
messages and high workload require that the driver glance at
the sign more than one time to process al of the information.
Multiple glances make the required reading exposure time
longer than would be required to read the sameinformationin
asingle glance.

Message load refers to the information content of the mes-
sage. It is recommended that no more than three units of infor-
mation bedisplayed in one sign sequence. A fourth unit may be
displayedif itisminor and does not need to berecalled in order
to take appropriate action.

M essage length refersto the number of wordsin amessage.
One unit of information may consist of oneto threewords. Itis
suggested that a sign message should be limited to eight words,
excluding prepositions (about four to eight characters per word).

Familiarity of driverswith the type of information displayed
and/or the content of the message (e.g., a specific road or place
name) resultsin areduction of reading time.

Decision complexity and expectancy of the required action
may require additional time and distance (anywhere from 0.5
to 2.5 s) for adriver to make adecision (e.g., to exit or not exit).

Display format refers to whether the entire message is dis-
played discretely (at once), in sequentia displays, or asarun-
on message. Only discrete and sequential displays are consid-
ered acceptable alternatives for high-speed work zones.
Character Components. The partsof aCM Sthat affect itsvis-
ibility fall into two major classes: character components and
message components. Character components can, in turn, be
divided into element or “pixel” variables and character vari-

20.

ables. A CMS element isthe smallest individually addressable
unit that can be used to create a character (as shown inthe 5 by
7 character matrix below). For example, the elementsin aflip
disc arethe fluorescent discs, and the elementsof an LED CMS
are the bundles or groups of LEDs. The character variables,
while not structurally independent of the element variables, rep-
resent what the driver sees (e.g., the character font).

sESEa
4 1 1 0 1
BABAA
(1 3 3 1)
(1131
BESES
REEaEs

Element

The design of the element variables—including size, shape,

spacing, and luminance—can be flexible aslong as the charac-
ter components discussed in Section 2.3.8 are within the rec-
ommended ranges.
Letter Height. Minimum letter height should be 460 mm
(18 in.) for CMSs on roadways with 90-km/h (55-mph) or
greater speed limits. Properly illuminated 300-mm (12-in.) let-
ters would be acceptable for most younger drivers under these
conditions; however, this size would fail to accommodate the
majority of drivers over 60 years of age. Based on 200 m (650
ft) of legibility distance for 460-mm (18-in.) signs on an 90-
km/h road, 300-mm letters could be used effectively on 55-
km/h (35-mph) or slower roadways, as these traffic speeds
increase the message-reading time available to the driver.

Increasesin letter height over 460 mm will not resultin pro-
portional increasesin legibility distance. For example, observ-
ers should not be expected to read 915-mm (36-in.) letters
twice as far away as 460-mm (18-in.) letters. The operational
recommendation isto increasetheletter height by 1.5 timesthe
proportional height. If, for example, you wanted the observers
to read the signs at twice the distance that your 460-mm (18-in.)
letters produced, you would need to increase the | etter height to
1,140 mm (45 in.); if you wanted to increase the distance by
half, you would need to use 815-mm (32-in.) letter heights.
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22.

23.

24,

Contrast. CMS contrast reduction istypically caused by glare
reflecting off of the sign face (called veiling luminance) or insuf-
ficient brightness of the active elements. Veiling luminance is
the result of sun angle or the sign’s own lighting system. An
appropriate black matte finish applied to the background portion
of a CMS helps; however, the main reason for the loss of con-
trast is the reflection of light off the plexiglass sheeting used to
protect the sign face. CM Ss with new protective sheeting typi-
cally produce appropriate contrast levels; problemsoccur mainly
when the sheeting is allowed to become dirty or scratched. Reg-
ular cleaning, as well as replacement when surfaces become
excessively scratched, ishighly recommended. Usualy, the pro-
tective sheeting can be cleaned with a mild nonabrasive deter-
gent, warm water, and asoft cloth; however, the manufacturer’s
recommendations should be consulted.

The formula for determining the luminance contrast of a
CMSis

L-L
Ly

where

L, =luminance of a character module with all the elements
“on” and
L, = luminance of the character modulewith all elements* off.”

A photometric procedure for measuring the luminance and
contrast of aCMSis provided by Garvey and Mace (61).
As part of their work, Graham et al. looked at the placement
issue from two dimensions: shoulder versus lane, and begin-
ning versus downstream taper positions. Using experimental
evidence and other research reports, they found that the board
ismost effectively placed directly inthelanethat isbeing closed,
because“variousliterature sourcesindicatethat arrow board con-
notes lane closure.” However, Graham et a. aso report that
results from their arrow board field studiesindicated that plac-
ing the arrow board on the shoulder near the start of the taper
produced a more effective lane-changing pattern than did plac-
ing the arrow board in the closed lanein the middl e of the taper.
In the two tests where the arrow board was placed on the shoul -
der upstream from the start of the taper, the results indicated
that this placement may be even more effective than the place-
ment at the start of the taper (62). The efficacy of locating the
arrow panel at the beginning of a taper on the shoulder rather
than placing it in the closed lane farther downstream was con-
firmed by Pain (63).
Because the MUTCD does not provide an operational defini-
tion for “recognition distance,” the recommended placement
can vary depending on state requirements, road curvature, or
the common sense of the road crew setting up the work zone.
The guideline is based on an FHWA pamphlet (undated) enti-
tled Advance Warning (Flashing) Arrow Panels. Positive Guid-
ance, which addresses issues of curvature (64).
TheMUTCD specifiesthat aType C arrow panel should beleg-
ible at 1 mi, but the MUTCD does not say anything about the
lighting condition, the angle at which the arrow panel isviewed,
or the age or visua ability of the observer. The 1-mi criterion
would easily be met if the observer were a 17-year-old with
20/17 vision, viewing the arrow panel on axis, without wind-

25.

26.

27.

shield attenuation or interference from the sun. However, if the
observer were a 65 year old, viewing the arrow panel under less
than ideal conditions, the likelihood of the 1-mi legibility cri-
terion being met is low. The guidelines in NCHRP Research
Results Digest 259 (39) ensure that, for high-speed roadways,
thearrow panel will belegibleat 1 mi when viewed on axisand
at a minimum distance of 460 m (1,500 ft) when viewed off
axis. The minimum distance was based on DSD theory that
suggests that at 90 km/h (55 mph), a distance of 300 m (1,000
ft) is sufficient for the clear recognition of an arrow panel for
99 percent of drivers (4). DSD is defined as “the distance at
which a driver can detect asigna . .. recognizeit . .. select
appropriate speed and path, and perform the required action
safely and efficiently” (65). The 460-m (1,500-ft) minimum is
based on the assumption that many driverswill be driving at a
speed greater than 90 km/h (55 mph). The recommended min-
imum for low-speed roadways, based on the samekind of analy-
sis, is 300 m (1,000 ft).

Laboratory studies have indicated that flashing arrows and
sequential chevrons are quickly recognized by drivers and that
these displays mean lane closure or lane change (66). These
findings support earlier recommendations that the use of the
flashing arrow panel was inappropriate for shoulder work or
caution messages (67).

Flashing or “blinking” arrowsand sequential chevronshavebeen
found to outdistance sequential arrows, and there is no clear
superiority of flashing arrows over the sequentia chevrons (67).
When severa operational modes were presented to 63 Mid-
western drivers and to 46 Eastern drivers, both groups clearly
preferred the flashing arrow and sequential chevron over the
sequential arrow (62). For the Midwestern drivers, therewasno
clear preference between the flashing arrow and sequential
chevron. However, Eastern drivers did show aclear preference
for the flashing arrow over the sequential chevron. This differ-
ence in preference could indicate aregiona bias. The authors
hypothesized that the sequential chevron is used more fre-
quently inthe Midwest and report that Virginia“no longer uses
the sequential chevron mode.” Mace and Finkle found the
flashing arrow to result in the shortest reaction time compared
with all other modesand no regional differencesamong respon-
dents (39). The flashing arrow, because it has fewer lamps, is
aso more energy efficient. Conversely, these lamps can be
made to have a higher intensity and, therefore, greater visibil-
ity. Collectively, these studies suggest that the flashing arrow
should be the preferred display mode. If local practice strongly
favorsachevron mode, thereisno evidencethat this preference
would create a safety problem.

Mace and Finkle observed that when the bar, four-corner, and
flashing arrow were tested together, the reaction time to the four-
corner display wasfaster than the bar (39). Mace and Finkle also
observed that when viewed off axis, one or two lamps in the
four-corner display may appear less bright or not be visible at
all, making the display difficult to identify. Adjusting the ori-
entation of the arrow panel on a curve can improve visibility at
some locations, but the arrow panel will not maintain thisvisi-
bility over much distance on the curve. Also, there has not been
any research supporting the fact that drivers know what any
caution display means; therefore, caution displays are not rec-
ommended for shoulder work.
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Noel et al. visited eight states and found that arrow panel

caution modes were used for shoulder work (68). Three of the
states used the four-corner flashing mode, while Pennsylvania
and Virginia specified use of the flashing-bar mode. Noel et al.
noted “concern on the part of some researchers and highway
agencies that the caution flashing bar may be interpreted as a
malfunctioning flashing arrow, resulting in unnecessary lane
changes. Conseguently, some agencies prefer the four-corner
flashing mode for caution displays.”
The lamps used in the arrow panel are vital to the panel’svisi-
bility. It is recommended that each lamp be independently
tested and certified. Testing could be done by the state or an
outside laboratory, and a report should be available to identify
the lamp beam width and the daytime and nighttime operating
voltages.

The requirements for nighttime arrow panel operation are
similar to those for daytime, with the addition of alimit on the
maximum intensity allowed. The additional requirement is to
limit the amount of glare the arrow panel produces. The maxi-
mum intensity requirement must be met at the lamp “ hot spot,”
which may or may not be on axis with the optical center of the
lamp. Nighttime glare studies found that the maximum tolera-
ble total intensity, combined from all arrow panel lamps, was
5,500 cd. Thistotal leadsto 370 cd per lamp for achevron dis-
play and 570 cd per lamp for an arrow display. Limiting the
maximum intensity to 370 cd per lamp ensures that both dis-
comfort and disability glarewill be controlled for either type of
display (39).

The requirements for minimum on-axis and off-axis intensi-
ties at night are based on previous research with nighttime
requirements for traffic signals (69). Freedman et a. found that
anighttimelevel that was 30 percent of thedaytimelevel did not
reduce visibility of the signal. Applying this requirement to the
daytime arrow panel intensity givesanighttime minimuminten-
sity level of 150 cd on axis and 30 cd off axis for high-speed
roads and 90 cd on axis and 18 cd off axis for low-speed roads.
The procedures to ensure proper visibility of an arrow panel
were taken from NCHRP Research Results Digest 259 (39).
These procedures include the recommended |lamp checks, volt-
age checks, setup and aiming procedures, and procedures to
verify arrow panel visibility.

If the failure to meet minimum requirements at night is the
result of adefect, theunit should be replaced or repaired as soon
as possible. However, some arrow panels, when new and oper-
ating as designed in their nighttime mode, may not meet the
minimum requirements suggested by NCHRP Research Results
Digest 259 (39). If operated in the daytime mode, they will
likely exceed the maximum requirement to control glare at
night. If the criteriaof NCHRP Research Results Digest 259 are
to be followed, units not meeting those criteria should be
replaced as soon as possible with a unit that does.

Subj ective evaluation of arrow panel. The most difficult part
of subjectively evaluating the clarity of an arrow panel isknow-
ing when a panel is clearly visible. For this purpose, the fol-
lowing rating scale will be of help. There should be no diffi-
culty inidentifying arrow panels that are perfect, poor, or very
poor. It isobviouswhen you have no idea or are guessing about
what ison the panel or if the panel could not be any better. The
difference between “clear” and “fair” isless obvious, but expe-
rience will help in making this distinction. If there is some
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doubt about whether the arrow panel is“clear” or “fair,” besure
to do thetest under adverse sun conditions. If you can definitely
tell the direction of the arrow under these conditions, the arrow
panel visibility is acceptable. See Tech Note Figure 2.

Photometric evaluation of arrow panel. Because the visibil-
ity of an arrow panel is most reliably assessed by photometric
performance, the purpose of thistech noteisto describe a pro-
cedure for the photometric measurement of arrow panelsin the
field. The procedure involves measuring the luminance of the
entirearrow panel with aluminance meter. Because arrow pan-
els are rectangular and the aperture of most photometersiscir-
cular, aportion of the arrow panel’ s background will enter into
the measurement (see Tech Note Figure 3). Therefore, the
accuracy of photometric levelsisimproved if the measurements
are made at night to ensure a uniform background for the pho-
tometer’ saperture. Because luminance meters have fixed aper-
tures, the selection of ameasuring distance will berestricted by
thelength of the arrow and by the diameter of the photometer’s
aperture. Although the measurements may be made at any dis-
tance (preferably one where the arrow panel fits within the
aperture) at any location (even a parking lot), there is some
advantage to making the measurements at the SSD or DSD with
thearrow panel placed on-siteasit will be used. The advantage
of field measurement at either the SSD or DSD is that the lamp

Derfect - T Could Hot B: Better
Clear N S B Wae Obrious
Far - T Could Rast ke It Out
Poor N R Had To CGhaess

Wery Poor 1 Had Ho Idea

Tech Note Figure 2. Arrow panel visibility scale.

Tech Note Figure 3. Aperture.
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intensity may be estimated in the precise geometry whereit will
be viewed.

The luminance measurement obtained using a photometer is
converted into an intensity-per-lamp value by dividing the mea-
sured luminance by the area contained in the aperture and divid-
ing theresult by the number of lampsin the measurement. Lamp
intensity expressed in candelas (cd) is the appropriate unit of
measurement, asit is the standardized method used to describe
the characteristic distribution of light emitted from lamps.

The procedure for photometric eva uation of an arrow pand is
as follows (for further information, see NCHRP Research
Results Digest 259):

i. If measurements are to be made at SSD or DSD, alumi-
nance meter with at least a 1-deg aperture is required.
Meters with smaller apertures are unable to view the
entirearrow panel at all therequired DSD and SSD loca
tions. In fact, a 1-deg aperture fails to view the entire
arrow panel at distances closer than 120 m (400 ft). If the
aperture is too small to make the measurements at SSD
or DSD, the intensity may be estimated from measure-
ments made at other distances, and the needed angular-
ity may be simulated by moving the luminance meter to
alocation that approximates the viewing angle at these
other distances.

ii. When ambient lighting is a factor, such as during day-
time measurements or any time stray light sources enter
the background, a second luminance measurement must
be made. This measurement must be taken with thearrow
panel off. This “off” measurement is then subtracted
fromthe “on” measurement, and the resultant luminance
isused to derivetheintensity in Equation 1 of Tech Note
Figure 4.

iii. With the meter attached to a tripod for stability and
located at the sight distance to be tested and at an angle

To calculate the total intensity of an object from the
luminance measured for objects much smaller than the
aperture of the luminance meter, the following equation
for luminance can be used:

I=L*A )

where: | = total intensity (cd)

L. = measured luminance (cd/m?)

A = area encompassed by the aperture at the
measurement distance (m?)

The area encompassed by the aperture is found
using the following equation:

A =[ tan(APsize) * D2 * n @

where: APsize = aperture size (radians)
D = distance between target and luminance
meter (m)

Note: Ifthe targetis larger than the aperture,
then the area (A) is no longer the area enclosed by the
aperture, but becomes the area of the target.

Tech Note Figure 4. Calculations.
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that is either on axis or off axis conforming to the dri-
ver's line of sight, measure the luminance of the arrow
panel with the lamps on and again with the lamps off.
When taking the “on” measurement, set the meter to
measure the peak reading. This setting overcomes the
flashing nature of the arrow panel. Although it is prefer-
ableto position thearrow panel so that there are no extra-
neous light sources within the aperture, if there must be
extraneous light sources, make certain they stay in the
aperture for both “on” and “off” measurements. If the
measurements are made in daylight, the “ off” measure-
ments must be made close in time to the “on” measure-
ment so that the ambient lighting conditions do not
change. Thistiming is easiest on a cloudy overcast day.

iv. Either estimate the lamp intensity using the calculation

procedure described (see Tech Note Figure 4) or check
the measurement against the following standards: The
minimum luminance needed to provide the minimum 30
cd per lamp for arrow recognition on high-speed roads at
night is 38 cd/m? at 185 m (600 ft) and 6 cd/m? at 460 m
(1,500 ft). For low-speed roads, the minimum luminance
to provide 18 cd per lamp is 90 cd/m? at 90 m (300 ft)
and 9 cd/m? at 300 m (1,000 ft). Similar valuesfor chevron
displaysare 56 and 9 cd/m? for high-speed roads and 135
and 14 cd/m? for low-speed roads.

Inthe case of an arrow panel, thetotd intensity isthe summed

contribution of several lamps. To derivetheintensity of anindi-
vidual lamp, the total intensity of the arrow panel isdivided by
the number of lamps used to create the stimulus. This calcula-
tion assumes that each lamp contributes an equal portion of
intensity, which is false. There is variation in the amount of
light coming from each lamp. This variation results from the
fact that some lamps are more off axis than others are and that
lamps may be dlightly different colors. An explanation of the
theory and testing of this procedure can be found in a paper by
Finkle (70).
If other methods of speed reduction are not available, a prop-
erly trained flagger standing adjacent to a speed limit sign can
reduce average speeds at freeway work zones by 8-16 km/h
(5-10 mph). For speed reduction purposes, the flagger should
get the attention of the approaching motorists using the “alert
and slow” signal such as the one recommended in the Texas
MUTCD. The flagger then points to a nearby speed sign and
motions drivers to slow down to the posted speed. In asimilar
fashion, aflagger can encourage motorists to read and respond
to work zone warning signs such as lane closure and shoulder
usesigning (47). Of coursg, if flaggers must be used, the guide-
lines presented in this section are essential to provide proper
protection of the flagger.

. Inastudy of 13 different work zone flagger signals, al of the

lessunderstood signalswere shown to involve the use of thered
flag (71).

The flashing stop-slow paddie lookslike a standard flagger pad-
dlethat has been modified with the addition of flagger-activated
light(s) mounted on the paddle face. The lights, which can be
seen at distances up to 640 m (2,100 ft), flash alternately until
automatically or manually deactivated. The fact that the light
activation isunder the control of the flagger permits the flagger
to choose when to attempt to slow oncoming traffic. The safety
benefits of the device are smoother slowing and areductionin
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thelikelihood of rear-end accidents dueto sudden slowing. The
device can also reduce the likelihood of a high-speed vehicle
encroaching into the work space. Also, it isapowerful warning
device, and if a motorist seems to be ignoring the flagger's
instruction, the flagger can press abutton to activate the battery-
powered flashing lights, which are bright enough to get the
attention of daydreaming drivers. This feature can be particu-
larly useful in limited sight distance situationsto get the driver's
attention immediately when he or she comesinto view (51).
As an dternative to the normal stop-slow paddle, the Texas
Transportation Institute recently evaluated a reusable, tempo-
rary stop bar and a freestanding, oversized stop-slow sign pad-
dleat lane closures on two-lane, two-way highwayswhereflag-
gerswere used to alternate one-way traffic. Operational dataon
distances from the flagger at which vehicles stopped, speeds
through the work zone, and approach speeds were analyzed.
The data showed that the temporary stop bar and oversized pad-
die were useful in helping drivers decide when and where to
stop infront of the flagger. However, the stop bar and sign pad-
die had no significant effect on reducing approach speeds or
speeds through the work zone. The flaggers who actually used
the supplemental devices commented that the oversized stop-
slow paddle helped drivers respond to their commands better
and that the temporary stop bar hel ped identify a point at which
drivers were to stop (72).

Minnesota DOT has conducted an evaluation of fluorescent
yellow garments with horizontal and vertical orange retro-
reflective stripes. The garments included pants in addition to
vests, shirts, and jackets. The two-piece garments were judged
to emphasize the human element within a work zone and pro-
vide greater visibility at a distance, particularly during night-
time construction. Although the evaluations wereinformal, the
opinions of both workers and the driving public were obtained.
Further, the use of fluorescent yellow (with orange stripes) is
expected to differentiatetheworkersfrom orangevehicles, signs,
and so forth, and the addition of pantsto the outfits, which pro-
vides additional “movement” cues to drivers, can logicaly be
expected to increase detectability and identification of workers
(30). The Pennsylvania DOT reports a potential problem with
the visibility of strong yellow-green (SY G) vests in daylight.
The CaliforniaDOT recommends all-white overallsalong with
aretroreflective vest for all road workers.

Portable traffic signal systems are now being marketed by sev-
eral manufacturers. These systems have the potentia for replac-
ing flaggersin many work zonesthat require alternating one-way
traffic control. However, because these systems are relatively
new, information is needed about their effect on traffic opera-
tions and safety at work zone locations. The Texas Transporta-
tion Institute, in cooperation with TXDOT, recently conducted
studies of a fixed-time portable signal system at three work
zone lane closures on two-lane, two-way highways. At each site,
data were collected on traffic volumes, driver noncompliance
withthesignals, and vehicle-stopped delay. The datashowed that
asubstantial savingsin flagger labor costs could be achieved by
using a portable fixed-time signal system with only a minimal
increase in motorist delay costs. Conservative estimates of the
savings at the study sites ranged from $9 to $14 per hour. The
studies also suggested that the potential for vehicle accidents
within the work zone may be higher with portable traffic sig-
nals because of occasional driver noncompliance with these
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signals. The tradeoff between this possible increase in vehicu-
lar accidents and the reduction in flagger accidents could not be
estimated from this research. The portable signals appear to be
sufficiently promising that testing on additional sites and night
testing is merited (73).

Portable fixed-time signals for one-lane, two-way operations
were evaluated on only three sites and only during daylight
operation. Additional evaluations should be done on a wider
range of site characteristics. Also, compliance with the signals
should be evaluated under night conditions. Under daylight
conditions, fixed-time portable signals were found to be area-
sonable alternative to flaggers at work zones requiring alter-
nating one-way traffic through awork zone. The study suggests
that significant savings in flagger labor costs can be realized
with what appears to be aminimum of additional delay coststo
motorists (73).

. A new methodol ogy that yieldsan optimal timing policy for the

pair of traffic signals has been developed; this development
was necessary becausethe control of the one-lane, two-way sit-
uation is quite different from that of an ordinary intersection.
The information required to derive the timing is available in
nomogram form. Strategies to determine the optimal length of
the closure section, where there is a tradeoff between the cost
of traffic delay and the setup cost, are also available (74).

On high-speed, high-volume, four-lane roads, supplemental
warning signs indicating a lane closure ahead, located at 5, 4,
3, and 2 mi ahead, result in smoother flow of traffic through
lane closures. When one-way hourly volumes on such road-
ways exceed 1,000 (i.e., when ADT exceeds 20,000), adding a
CM Sto the supplemental signs also provides smoother flow. If
the combination of devices described above do not reduce late
merges and there is excessive congestion, application of rum-
ble strips to the pavement has been found to enhance flow dur-
ing daylight (75).

The NYSDOT has reported positive experience with arrestor
nets in terms of preventing intrusions with little harm to vehi-
cle occupants. This agency has developed guidelines for the
design and application of arrestor nets both for permanent and
for work zone applications (34, 76).

. Discussions of the various types of intrusion alarm systems,

aong with the advantages and disadvantages of the various
types of system, are provided in the references shown below.
One reference cited generally describes the results of 39 field
and maintenance yard evaluations of various systems, along
with the results of a survey conducted by NY SDOT. A second
reference describesthe varioustypes of intrusion alarm systems
available, along with some of the advantages and disadvantages
of the various designs (77, 78).

. Reflectionisthe process by which light rays strike amaterial and

bounce back in adifferent direction. The three most basic types
of reflection are diffuse, specular (mirror), and retroreflection.
Diffuse reflection occurs when light is scattered relatively
equally in al directions. Flat paints and other materials with
matte finishes reflect light at al angles and exhibit very little
directional control. Surfacesthat are microscopically rough and
light in color reflect more light. Because light is scattered in
so many directions, visibility in any one direction is reduced.
Specular reflection occurs when light strikes a surface that is
microscopically smooth and reflectsat an anglethat isequal, but
opposite, to the angle of the incoming light. Light is returned
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directly to the source only when it is exactly perpendicular to
the surface. Retroreflective materialsreturn light directly to the
source, whatever the direction of incoming light. Because most
of the light is returned in one direction only, retroreflective
materials appear much brighter, but only to an observer located
near the light source.

Minnesota DOT has conducted an informal eval uation of vari-
oustypes of clothing. Although the evaluations were informal,
the opinions of both workers and the driving public were
obtained. The study suggested that the use of fluorescent yel-
low (with orange stripes) can be expected to differentiate the
workers from orange vehicles, signs, and so forth and that the
addition of pantsto the outfits, which provide additional “move-
ment” cues to drivers, can logicaly be expected to increase
detectability and identification of workers (30).

A study was conducted to determine the most conspicuous
color of safety clothing for daytime use in work zones. Eleven
colors of safety vests were evaluated, including eight fluores-
cent colors (green, yellow-green, yellow, yellow-orange, red-
orange, a combination of red-orange with yellow green, red
mesh over awhite background, and pink). Nonfluorescent yel-
low and orange and semifluorescent yellow completed the test
color set. The procedure involved a vehicle equipped with a
binocular tachistoscopic device mounted on the passenger side.
Asthe test vehicle approached a work zone, the passenger sub-
ject was given a300-millisecond view of thework zoneand sim-
ulated worker wearing a particular color safety vest every 30 m
(200 ft). The dependent measure was detection distance (i.e., the
distance from the target at which the subject correctly identified
the existence of a safety vest and the approximate color).

The tests were conducted on a closed facility and involved
four types of work zones, which were signed and delineated in
accordance with Part V1 of the 1993 revision of the MUTCD.
The following results were obtained: Fluorescent red-orange
was found to have the highest mean detection distance and was
significantly different from every other color except the red
mesh, yellow-green, and the red-orange/yellow-green combi-
nation. Each of these colorswasrecommended for usein safety
garments, with the exception of the red mesh, since the mesh
material may not perform well if worn over darker clothing.

Limitations of the study include a relatively small sample
size and the absence of an older driver subsample. (However,
as the authors point out, the statistics are stable because of the
large number of observations by each subject.) The other defi-
ciency noted is the fact that no work vehicles or other equip-
ment wasincluded on the sites, and so the colors viewed against
various backgrounds (e.g., ayellow-green vest against ayellow
truck background) may turn out to have different detection dis-
tance than those measured. From the standpoint of the current
study, a primary limitation is the absence of results obtained
under the various lighting conditions appropriate to night oper-
ations. Such data should be obtained to form a basis for rec-
ommendations for clothing under such conditions (79).
Illumination is defined asthe density of the luminous flux inci-
dent on asurface. Lux (Ix) is the international system unit for
illumination. A lux istheillumination on asurface 1 m?in area
onwhich thereisauniformly distributed flux of 1 lumen. A foot-
candle is the unit of illumination on a surface 1 ft? in area on
which thereisauniformly distributed flux of 1 lumen. Lux may
be converted to footcandles by multiplying lux by 0.0929. Foot-
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candles may be converted to lux by multiplying footcandles
by 10.76. Illumination, which describeslight falling on an area,
is to be distinguished from luminance, which describes light
reflected off of a surface.

. The levels of illuminance needed for different types of activi-

tiesand tasks are shown in Tech Note Tables 3 and 4 as identi-

fied by Elliset a. (38).

The IES provides the following general descriptions for four

types of candle power distributions (44):

* Full cutoff: A luminaire light distribution where no candela
occur at or above an angle of 90 deg above nadir (horizon-
tal). Additionally, the candela per 1,000 lamp lumens does
not numerically exceed 100 (10 percent) at a vertical angle
of 80 deg above nadir. Thisdistribution appliesto any lateral
angle around the luminaire.

e Cutoff: A luminaire light distribution where the candela per
1,000 lamp lumens does not numerically exceed 25 (2.5 per-
cent) at or above an angle of 90 deg above nadir (horizontal),
and 100 (10 percent) at or above avertical angle 80 deg above
nadir. Thisdistribution appliesto any lateral angle around the
luminaire.

* Semicutoff: A luminairelight distribution where the candela
per 1,000 lamp lumens does not numerically exceed 50 (5 per-
cent) at or above an angle of 90 deg above nadir (horizontal),
and 200 (20 percent) at or above a vertical angle 80 deg
above nadir. This distribution applies to any lateral angle
around the luminaire.

* Noncutoff: A luminairelight distribution where there are no
candelalimitations.

Although cutoff luminaires have the advantage of reducing
glare, they also require closer spacing to achieve overlapping
light patterns.

The |ES has established a standard format for presenting photo-

metric data describing the geometric distribution of light from a

luminaire. These data are presented in candela, a metric value

that isindependent of the distance and orientation of the lumi-
naireto asurface. Theintensity of light in candelamay be con-
verted to the illuminance criteriain lux by applying both the
inverse square law and the cosine law. The inverse square law
states that the illuminance, E, at a point on a surface varies
directly with the luminousintensity, |, of thesourceand inversely
with the square of the distance, d, between the source and the
point. When the point on the surface is not normal to the direc-
tion of incident light, the cosine law states that the illuminance
on any surface varies as the cosine of the angle of incidence.

The angle of incidence, 6, is the angle between the normal and

the direction of the incident light. The inverse square law and

cosine law together combine as follows:

E =1/d? (cos 6)

The reader is referred to the |ES Lighting Handbook and to
manufacturers’ data for help in making this conversion. Some
lighting manufacturers have software available that can assist
in determining the illumination that will result from any pro-
posed lighting design (40).

Under a safety grant from FHWA, the Laborer’s Health and
Safety Fund of North America developed a number of safety
devicesand proceduresto protect workersfrom work site hazards.
Two versions of a Powerline Awareness Marker (PAM) were
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TECH NOTE TABLE 3 Recommended minimum illuminance levelsand categoriesfor
nighttime highway maintenance and construction

Level of
Illuminance

Area of
Illumination

Illuminancein
Footcandles (lux)

Type of Activity Example of Areasand Activities

to bellluminated

| 5(54) general illumination performance of visual a) Excavation
throughout spaces  task of large sizes; or b) Sweeping and cleanup
medium contrast; or  ¢) Movement areain the workzone
low desired accuracy; d) Movement between two
or for general safety
requirements
1l 10 (108) general illumination performance of visual a) Paving
of tasksand around task of medium sizes; b) Milling
equipment or low to medium c¢) Concrete work
contrast; or d) Around paver, miller and other
medium desired construction equipment
accuracy; or for safety
on and around
equipment
11 20 (216) illumination of performance of visual a) Crack filling
task task of small sizes;  b) Potholefilling

or low contrast; or

c) Signalization or similar work

desired high accuracy
and finefinish

requiring extreme caution and
attention

includedin that effort. One consists of asquareyellow plastic col-
umn 90 cm (35in.) highwith hazard warnings printed on the sides
of the column. Its shape, color, and sizedistinguish it from traffic
control devices typically encountered in highway work zones.
The second device consists of a neon-green deeve with printed
hazard warnings. This deeve fits over a standard 70-cm (30-in.)
traffic cone. Small strobelights are available for both devicesfor
use at night and in other low-light conditions (80).

New York State requires a uniform pattern of readings spaced
approximately every 3 m (10 ft) throughout a representative test
area (41). The procedure recommended by the Illuminating
Engineering Society of North America (IESNA) requires two
transverse points per lane at amaximum of 5 m (16.5 ft) between
longitudinal points (see IESNA’s Guide for Photometric Mea-
surement of Roadway Lighting Designs, LM-50-99, 1999).

A proposal was made in Californiato allow the use of strobe
lights during the hours of darkness as an alternative to the
backup alarm. This proposal was presented by the staff of the
board responsible for adopting OSHA orders because of the sig-
nificant number of requests it had received for variances. At a
public hearing, this proposal was opposed by the Laborers and
Operating Engineers Unions, the Associated General Contrac-
tors (AGC), and two traffic control trade associations. Theratio-
nale for defeating the proposal was that the proposed allowance
would be unsafe because of other warning lightstypically found
in a highway work zone.

. Many agencies have internal proceduresin place for the review

and approval of ongoing changesto TCPs. An lowa DOT pro-
cedure (81) that also includes staff guidance for numerous other
aspectsof work zonetraffic control operation provides an exam-
ple of how one agency addresses changes.

If the TCP is designed so that the work activities are removed
from the roadway by 3 m (10 ft) or more, a speed reduction may
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be unnecessary. Otherwise, a speed reduction may be necessary
depending on specific engineering factors at the site. The proce-
dure devel oped in NCHRP Project 3-41 indicatesthat speed limit
reductions greater than 15 km/h (10 mph) are not recommended
unless the design speed of a geometric element is more than
15 km/h (10 mph) greater than the normal speed. The research
was based upon daytime conditions so that generalization to
night work should be done with care (46).

Additional material related to the means of legally establish-
ing speed limits, and material on maintenance of speed limit
credibility, is given in the New York State document from
which much of the information in the first several paragraphs
were taken (82).

The recommendation for conspicuous active enforcement is
based upon field data from projects requiring speed reduction
from the regulatory 90 km/h (55 mph) to an advisory 70 km/h
(45 mph). All speed control treatments were evaluated under
ideal conditions, with Level of Service A on sites where speed
enforcement was normally high. If lower levels of service or
reduced enforcement activity had prevailed, results might have
been different (48).

The effectiveness of aradar unit attached to a CM S was stud-
ied by Fontaine and Garber (83). If theradar detected avehicle
traveling above a preset speed threshold, the CMS displayed
the message YOU ARE SPEEDING SLOW DOWN. It was
found that speeders reduced their speeds by a significant amount
from the beginning of the work zone to the middle and end of
the work zone. No significant differences existed in the speed
reductions between vehicle types. Analysis of variance also
revealed that average speeds were reduced and fewer vehicles
were speeding by any amount or by 8 km/h (5 mph) or morefor
al traffic in the middle of the work zone when aCMS wasin
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TECH NOTE TABLE 4 Recommended target illumination levelsfor typical highway tasks

Task Description of Construction and M aintenance Tasks

Suggested Illumination

Category footcandles lux
1 Excavation - regular, lateral ditch, channel | 5 54
2 Embankment, Fill and Compaction | 5 54
3 Barrier Walls, Traffic Separators I 10 108
4 Milling, Removal of Pavement I 10 108
5 Resurfacing I 10 108
6 Concrete Pavement I 10 108
7 Subgrade Stabilization and Construction | 5 54
8 Base Course Construction I 10 108
9 Surface Treatment I 10 108
10 Waterproofing and Sealing I 10 108
11 Sidewalks I 10 108
12 Sweeping and Cleaning | 5 54
13 Guardrails, Fencing I 10 108
14 Painting Stripes, Pavement Markers I 10 108
15 Landscape, Grassing and Sodding | 5 54
16 Highway Signs I 10 108
17 Traffic Signals 11 20 216
18 Highway Lighting Systems 11 20 216
19 Bridge Decks I 10 108
20 Drainage Structures, Culverts, Storm Sewers I 10 108
21 Other Concrete Structures I 10 108
22 Maintenance of Earthwork Embankment | 5 54
23 Reworking Shoulders | 5 54
24 Repair of Concrete Pavement I 10 108
25 Crack Filling 11 20 216
26 Pot Hole Filling I 10 108
27 Resetting Guardrail, Fencing I 10 108

operation. A CM S with radar appears to be an effective ater-
native form of speed control. Similar results were obtained by
Garber and Patel (84). In both studies, there was no night data
collection. The description of the methodology does not permit
an assessment as to the possibility of novelty effects.

The effectiveness of the speed-monitoring device was evalu-
ated at awork zone on an interstate highway in South Dakota.
The speed-monitoring display reduced mean speeds and exces-
sive speeds on the approach to the work zone. Mean speeds
were reduced by 6-8 km/h (4-5 mph), and the percentages of
vehicle exceeding the advisory speed limit of 70 km/h (45 mph)

were reduced by 2040 percentage points. These speed reduc-
tions are greater than those reported for the use of radar alone.
Note that all data for the study were obtained under daylight
and clear, dry conditions. Also, the extent of the reductions may
have been limited by the design of the sign assembly and its
close proximity to other work zone traffic control devices on
the approach to the work zone. As the authors suggest, the
optimum design and location of the speed-monitoring displays
should receive further study. Finaly, the device should be
tested on additional sitesbefore any large-scal eimplementation
(85).



60. A regulatory 72 km/h (45 mph) speed limit sign, augmented

with two small strobe lights and two orange plates, was tested
at arura interstate construction zone. The results of the evalu-
ation of the sign with strobe indicated that the average speed of
cars was reduced by 3-11 km/h (1.9-7.1 mph) and that the
average speed of trucks was reduced by 2-10 km/h (1.3-6.0
mph) when the strobe lights were flashing. In general, the speed
reduction effects were more pronounced on the carsthan on the
trucks and at alocation past the work space than before it. The
speed reductions at the location past the work space were 2-3
times more than the speed reductions at the location before the
work space. Cars reduced their speeds, on the average, by 3-8
km/h (1.9-4.9 mph) before and by 9-11 km/h (5.9-7.1 mph)
after the work space. Similarly, the speed reduction for trucks
was 2-5 km/h (1.3-2.9 mph) before and 5-10 km/h (3.3-6.0
mph) after the work space (86).
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In addition to the safety issue, the lane width reduction was
found to have arelatively minor effect. For example, inan eval-
uation conducted in Texas, it wasfound that a 3-m (9.5-ft) lane
produced an average speed reduction of only 6-8 km/h (4-5
mph) (47).

At least two states, New York (87) and Wisconsin (88), have
established procedures for including police services in con-
struction projects, and the material in this section reflects some
of those procedures. Administrative and legal considerations
associated with police services are discussed in this section in
a generic sense. However, these considerations vary exten-
sively from state to state and may not be relevant everywhere.
Procedures for obtaining police services must thus be based on
the legal and administrative considerations applicable to the
individual agency involved (6).
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Abbreviations used without definitions in TRB publications:

AASHO
AASHTO
ASCE
ASME
ASTM
FAA
FHWA
FRA
FTA
IEEE
ITE
NCHRP
NCTRP
NHTSA
SAE
TCRP
TRB
U.S.DOT

American Association of State Highway Officials

American Association of State Highway and Transportation Officials
American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

Federal Aviation Administration

Federal Highway Administration

Federal Railroad Administration

Federal Transit Administration

Institute of Electrical and Electronics Engineers

Institute of Transportation Engineers

National Cooperative Highway Research Program

National Cooperative Transit Research and Development Program
National Highway Traffic Safety Administration

Society of Automotive Engineers

Transit Cooperative Research Program

Transportation Research Board

United States Department of Transportation
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