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IMPLEMENTATION

Study 292 resulted in several findings and recommendations which, when
implemented, will enhance work zone operations, safety and efficiency. The
following sections summarize the status of implementation of this research.

Immediate Implementation

A close working relationship with the Technical Advisory Committee
resulted in the implementation of several findings and recommendations by the
Districts and D-18T as the research was progressing and prior to publication
of results.

Barricade and Construction Standards

Barricade and Construction Standards (B-C Sheets) are being modified in
accordance with Study 292 research findings.

Speed Control

The results have provided greater insight regarding speed control
techniques in work zones. Maximum speed reductions by type of roadway are
suggested. The implementation of work zone speed control measures are
discussed in detail.

Freeway Closures

Guidelines for advance planning, advance notification, traffic control
devices and management, and the use of law enforcement for short-term freeway
closures (e.g., one or two days) presented in the report can be implemented

immediately.

Impacts of Lane Closures

Highway capacity data for lane closures at work zones are documented and
readily used by the Department to assess the impacts of Tane closures. Road
user cost data associated with work zone lane closures are also presented for
use during economic analyses. A queue and road user cost evaluation model,
QUEWZ, was developed to assist the Districts in quickly evaluating the impacts
of numerous lane closure traffic control approaches. The computer model was
placed on the Department's computer and is being accessed by the Districts
from their remote terminals.



Advance Warning of Lane Closures for Stationary and Moving Operations

An innovative Tlane-blocked sign was developed and field tested during
moving operations and during frontage road pavement repairs. The sign proved
successful in encouraging drivers to vacate the closed lane.

Selecting Channelizing Devices

There are a wide variety of channelizing devices currently available for
use in highway work zones. Selection of the most appropriate devices is a
critical task affecting both safety and job cost. Presently, there is no
organized, objective selection method. The use of Value Engineering for
selecting work zone channelizing devices was investigated and documented, and
was found to be a good approach. An example of the application of Value
Engineering was presented. The Value Engineering Approach can be used by the
Department at the Division level as an aid in establishing work zone traffic
control standards and for planning and allocating resources.

Training

The results of the research from Study 292 were incorporated into a new
short course entitled, "Planning and Implementation of Work Zone Traffic
Control"., The short course was developed for the Department by the Study 292
researchers through the Texas Engineering Extension Service.

iv
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1. INTRODUCTION

Each year more and more maintenance and reconstruction activities are
performed on our aging highway system. Unlike new highway construction, these
activities are accomplished with vehicle traffic traveling past the work area.
As a result, motorist and worker safety, as well as work zone traffic flow,
must be considered.

The Manual on Uniform Traffic Control Devices (1) contains standards for
handling traffic at work zones. The standards in the MUTCD are somewhat
general and do not always provide adequate guidance to insure safe and
efficient work zone traffic operations on urban freeways.

Study Objectives

Study 292 was initiated in response to the national and local concern
over work zone traffic operations and safety, particularly on urban freeways.
One purpose of the study was to develop improved procedures for controlling
speeds at highway work zones. To accomplish this objective, field studies
were conducted on different types of highways to evaluate the short-term
effects of several methods of speed control.

The study also addressed the issue of when an agency should encourage
reduced speeds at a particular work zone. By visiting and observing numerous
work zones, several important considerations became apparent, and the authors
were able to provide guidelines of the implementation of work zone speed
control measures.

The research also evaluated the use of certain special traffic control
tools. Field studies were conducted to evaluate the effectiveness of portable
changeable message signs (CMSs), law enforcement personnel, and an innovative
advance warning sign for Tane closures. The studies were conducted as a means
for developing guidelines for these tools at freeway work zones.

Field studies were also conducted at freeway closures to observe traffic
operations and to identify successful strategies and problem areas. General
guidelines and recommendations were developed and organized into three broad
categories: Advance Planning, Advance Notification, and Traffic Management.

As a means of developing guidelines for scheduling maintenance on urban
freeways, field studies were conducted to determine additional work zone
capacity relationships. Highway capacity data for lane closures at work zones
were collected and documented for use in evaluating the impacts of lane
closures. A queue and road user cost evaluation model (QUEWZ) was developed
to assist the Districts in evaluating the impacts of numerous lane closure
traffic control alternatives.



was

The use of Value Engineering for selecting work zone channelizing devices
investigated and recommended. It is anticipated that the Value
Engineering approach can be used at the Division Tevel,

The results are summarized in Chapters 2 to 11 of this Final Report as

follows:
Chap.
2. Speed Control In Work Zones
3. Implementation of Work Zone Speed Control Measures
4, Changeable Message Signs
5. Law Enforcement Personnel
6. Innovative Advance Warning Sign For Lane Closures
7. Operational Guidelines For Short-Term Total Freeway Closures
8. Traffic Capacity Through Work Zones
9. Road User Costs Associated with Work Zone Lane Closures
10. Model to Calculate Road User Costs At Work Zones
11. Selecting Channelizing Devices Using Value Engineering



2. SPEED CONTROL IN WORK ZONES

Introduction

Excessive speeds in highway construction and maintenance work zones can
adversely affect the safety of the work crew and motorists. Unfortunately,
motorists do not always slow down to posted speed limits in work zones.

The objective of the research reported in Report No. 292-2 was to
determine or develop effective methods of slowing traffic to acceptable speeds
in work zones (2). The speed reduction capabilities of the methods were
evaluated and other factors such as cost, motorist and worker safety, and
institutional constraints were also considered.

Field Studies

Candidate speed control methods for work zones were identified through a
literature search and recommendations from the Study 292 Technical Advisory
Committee.,

Following a limited number of proving ground studies, plans were made to
conduct field studies at work sites on two 2-lane, 2-way highways to evaluate
the short-term effects of several methods of speed control: flagging, law
enforcement, CMSs, effective lane width reduction, rumble strips and
conventional signing. CMSs were not available at the 2-Tane sites selected and
therefore were not evaluated.

A companion research project, sponsored by FHWA (3), evaluated flagging,
law enforcement, CMSs, and effective lane width reduction on three types of
highways: 1) undivided multilane arterial, 2) rural freeway, and 3) urban
freeway. The results of this research were combined with the 2-1ane, 2-way
highway results and incorporated into Research Report 292-2.

Several variations (treatments) of the speed control methods were tested.
Table 2-1 identifies and describes the treatments evaluated for each speed
control approach, Table 2-2 presents a summary of the treatment studied by
site.

Data Collection

Treatment effects on speeds were determined by evaluating speeds at 3
points within the work zone study sites. The first spot speed station at each
site was located upstream and out of sight of any work zone signing or
activity. The second station was immediately downstream of where the speed
control treatments were implemented. This station measured initial response
to the treatments. The third and final station was positioned farther



TABLE 2-1. SPEED CONTROL TREATMENTS EVALUATED
Speed Control
Method Treatment Description
Flagger equipped with red flag and orange vest, performed
MUTCD Procedure "Alert and Siow" signal detailed in Part VI, MUTCD.
Flagging
MUTCD "Alert and Slow" signal enhanced by 2 additional move-
Innovative Procedure ments: 1) Flagger motioned traffic to slow with free hand,
then 2) pointed with with free hand to nearby speed sign.
Stationary Patrol Car-- Marked patrol car parked on side of road parallel to traffic.
Lights and Radar Off
Stationary Patrol Car-- Marked patrol car parked on side of road parallel to traffic
Lights On, Radar Off with flashing red and blue lights on.
Law Stationary Patrol Car-- Marked patrol car parked on side of road perpendicular to
Lights Off, Radar On traffic with radar on and pointed toward traffic stream.
Enforcement
Marked patrol car continuously driven back and forth through
Circulating Patrol Car® work zone without lights or radar on.
Police Traffic Uniformed officer standing on side of road next to speed sign
Controiler and manually motioning traffic to slow down.
Speed and Informational 1- or 3-line bulb matrix sign displaying work zone information
Message tion message plus a speed advisory.
CMS
Speed Message Only 1- or 3-line bulb matrix sign displaying speed advisory.
1) On 2-lane highways, cones deployed to funnel traffic
Effective Cones (12.5 feet) through a 12.5' wide travel path. 2) On multilane highways,
cones positioned along the pavement edges leaving a 12.5 foot
Lane Width travel path between the cones and lane lines.
Reduction
Same as above except the travel path width decreased to
Cones (11.5 feet) 11.5 feet.
Black-on-white regulatory speed sign with the desired work
Regulatory Signing zone speed.
Conventional
Signing Black-on-orange advisory speed sign with the desired work

Advisory Signing

zone speed.

Rumble Stripsa

8 Strips--
Decreasing Spacing

Eight 1/2-inch high, polycarbonate strips installed across
the travel lane in decreasing spacing, perpendicular to the
travel direction.

37ested only on 2-lane highways.



TABLE 2-2. SUMMARY OF TREATMENTS STUDIED BY SITE
Rural
Urban Urban 2-Lane, 2-Way
Arterial Freeway Highway
Site 1 Site 4 Site § Site 6
Treatment
FM 1960 I-10 FM 2818 SH 105
MUTCD Flagging X X X X
Innovative Flagging X X X X
Innovative Flagging Both Sides X
Stationary Patrol Car X X X X
Police Traffic Controller X X X
Circulating Patrol Car X X
Stationary Patrol-Lights On X
Stationary Patrol-Radar On X
CMS-Speed-Only Message X X
CMS-Speed & Informational X X
Message
CMS-Speed & Advisory-Alternate X
Location
Effective Lane Width
Reduction - 11.5' X X X X
Effective Lane Width
Reduction - 12.5' X X X X
No Signing X X X X
Advisory Speed Signing X
Regulatory Speed Signing X X X X
Rumble Strips X x¢
an treatments were implemented on noted by (L) indicating left

implementation.

BBoth Teft and right side treatments were studied.

CRumble strips would not adhere to the pavement; thus no data were collected.




downstream of the treatment location to determine if the treatments suppressed
speeds beyond the point of treatment.

Results

Figure 2-1 summarizes the performance of most of the speed control
treatments tested. Conventional signing and rumble strips were ineffective in
reducing speeds and have been omitted. The figure shows the reductions in
mean speeds (in mph) and percentage speed reductions attained by each
treatment on a site-by-site basis. The data in the figure are based on driver
responses at Station 2 to the treatments and were generated by comparing mean
speeds when a treatment was in place to mean speeds during the base condition
(i.e., the normal posted work zone speed limit).

The results indicated that flagging and Taw enforcement were very effec-
tive methods of speed control. The best flagging treatment at each site
reduced speeds an average of 19% (Table 2-3) and the best Taw enforcement
treatment reduced speeds an average of 18%. In contrast, the best changeable
message sign and effective lane width reduction (with cones) treatments
evaluated reduced speeds by only 7% each. However, because they were not
available, changeable message signs were not studied at the 2-1ane, 2-way
rural highway sites where the greatest speed reductions were observed for the
other methods. It is quite likely that the performance of the changeable
message signs, in terms of reductions in average speeds, would have improved
had they been tested at the 2-lane, 2-way highway sites.

An innovative flagging approach (MUTCD alert and slow signal enhanced by
special hand signals and eye contact with approaching motorists), MUTCD flag-
ging, police traffic controller, and stationary patrol car were found to be
very effective treatments on most highway types, whereas the circulating
patrol was found to be an ineffective approach,

The innovative flagging treatment developed as part of this research
resulted in larger average speed reductions than MUTCD flagging at 5 of the 6
study sites but the differences were small. For example, on one rural 2-lane,
2-way highway the innovative flagging treatment reduced the average speed by
16 mph (30%), while MUTCD filagging reduced the mean speed by 12 mph (23%).
Although the differences were statistically significant, the differences were
in the magnitude of only 2-4 mph,

The various flagging treatments studied produced the greatest average
speed reductions at the 2-lane, 2-way rural highway sites (8-16 mph) and urban
arterial sites (11-13 mph). They generally resulted in smaller average speed
reductions at the freeway sites (3-7 mph), particularly the urban freeway site
(3-4 mph). The results also indicated that flagging effectiveness may be
improved on freeways by having a flagger on both sides of the travel 1lanes.



Percent Reduction 1n Mean Speed at Station 2
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® The base condition s1qning treatment and the "no spesd signing” treaiment are not shown in addition, the various regulatory and advisory signing treatments tested ol Site 5 are not included
b Between the base condition mean speed ond the treatment mean spsed.

€ When the CMS was relocated closer fo the work area, the Speed and Information Messoge treaiment reduced Stalion 2 speeds by 2 mph (3%)

Figure 2-1. Summary of Speed Control Treatments by Site



TABLE 2-3. EFFECTIVENESS OF SPEED CONTROL METHODS?®

Speed Reduction®
Speed Control Amount Percent
Range Average Range Average
Flagging 3-16 11 (8-30) (19)
Law Enforcement 3-14 9 (8-27) (18)
Changeable Message Signs® 2- 5 3 (3-9) (7)
Effective Lane Width 0- 8 3 (0-16) (7)

Reduction w/Cones

dBased on best treatment within each speed control method on a site-
by-site basis.

bReduction in mean speed at Station 2 due to speed control method.

CNo data were available for 2-lane, 2-way rural highways. The average
speed reduction shown for CMSs may therefore be misleading (i.e., too
low) because all the other speed control methods generally performed
better at the 2-lane, 2-way highway sites.

The police traffic controller reduced average speeds between 9-13 mph at
the sites studied. The average speed reduction for a stationary patrol car
ranged between 4-12 mph. The stationary patrol car with emergency 1lights or
radar on performed only slightly better than without lights or radar. The
circulating patrol car treatment was only tested on the 2-lane, 2-way highway
sites and was found to be the least effective of all the law enforcement
treatments studied, reducing mean speeds by only 2-3 mph.



3. IMPLEMENTATION OF WORK ZONE SPEED CONTROL MEASURES

The implementation of work zone speed control involves several steps
including: determining the need for speed reduction, selecting a reasonable
speed, selecting a treatment based on effectiveness, practicality and cost,
and selecting a location for treatment implementation. These steps are
summarized below and discussed in detail in Report 292-2 (2). Also presented
in the following sections is a summary of treatment implementation
considerations and limitations.

Determination of the Need for Speed Reduction

The study addressed the issue of when an agency should encourage reduced
speeds at a particular work zone., By visiting and observing numerous work
zones, several important considerations became apparent.

Credibility

Speed control abuse and misuse at a work zone can render a speed reduc-
tion attempt ineffective and can damage the credibility of work zone speed
reduction efforts in general., Abusive practices include using unreasonably
lTow speed Timits and leaving reduced speed Timits in place after the work
activity is removed.

Specific Goal

As with all traffic control efforts, any effort to reduce work zone
speeds should be founded on an identifiable need. Speed reduction should be
aimed at decreasing the number and/or severity of work zone accidents, or the
potential for accidents at sites where speed-related potential hazards exist.

In addition, it should be recognized that none of the speed reductions
methods are "cure-alls" which will automatically safeguard motorists and
workers. In fact, other traffic control approaches (e.g., the use of a buffer
area or portable barriers) may provide a safer work zone environment and
alleviate the need for speed reductions.

Speed-Related Potential Hazards

Speed-related potential hazards are those which exist, or are made worse,
because traffic is traveling too fast for conditions. Typical examples of
speed-related potential hazards are cited below:

1. Insufficient sight distance to the work zone, particularly to a lane
closure.
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2. Hidden or unobvious work zone features (e.g., subtle changes in
alignment, edge drop-offs etc).

3. Reduced work zone design speed. (Design speed, as used here, refers
to a real speed which is based on such factors as stopping sight
distance, superelevation, degree of curvature, passing sight
distance, etc.)

4, Unprotected work space where an errant vehicle could result in
catastrophic damage.

Passive versus Active Control

Passive speed control refers to posting a reduced speed 1imit on a static
sign (e.g., conventional regulatory and advisory signing). It is appropriate
for all sites where reduced speeds are desired in the interest of safety.
Passive control alone is generally sufficient at sites where the hazards are
obvious, work zone activity is present, and drivers have plenty of time and
information available to make reasonable and safe speed decisions without
special encouragement,

Active control refers to techniques which restrict movement, display
real-time dynamic information, or enforce compliance to a passive control.
Such techniques include: flagging, 1aw enforcement, CMSs, effective lane
width reduction, rumble strips, Iowa Weave sections, etc. Active control
would be needed in situations where drivers were unable or unwilling to select
the appropriate safe speed without "active" encouragement.

Duration of Potential Hazard

Another practical consideration is time. 1If a particular work activity
will be in progress for an extended period of time (e.g., 1 year) it would
probably be impractical to use active speed control techniques for the life of
the project. First of all, it would be too costly. Secondly, it would be
unnecessary since the majority of drivers would eventually become familiar
with work zone conditions and drive at their own comfortable speed. A better
approach might be to use active control only during the opening days of the
project and then again following major changes in conditions. Passive speed
control would be used during other times. The lTonger the work duration in
terms of days of activity, the more cost-effective considerations such as
detouring and portable concrete barriers become,
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Selection of a Reasonable Speed

After it has been determined that reduced speeds are desirable and prac-
tical, a safe and reasonable speed should be selected. A speed control
strategy should be adopted which will reduce speeds to what is safe and
reasonable for the conditions. The selected speed should not be unreasonably
low. The fastest speed which is still considered safe should be sought.

Existing Speeds

Several factors influence what is a safe and reasonable speed for a given
work zone. First of all, it should be recognized that drivers will only slow
down to a certain level regardless of the presence of a speed control treat-
ment. Based on the study results presented in the previous chapter, reduc-
tions in average speeds range from 5 to 20 mph, depending on the type of
facility. Table 3-1 presents suggested maximum speed reductions for different
types of roadways based on the study results summarized in Chapter 2 (2, 3).

TABLE 3-1. SUGGESTED MAXIMUM SPEED REDUCTIONS
BY TYPE OF ROADWAY

Roadway Speed Reduction,
Type Mph

Rural 2-Lane, 2-Way Highway 10-15

Rural Freeway 5-15

Urban Freeway 5-10

Urban Arterial 10-15

Work Zone Design Speed

The design speed of the various work zone features (e.g., horizontal
curvature, sight distance, superelevation, etc.) also may dictate what is a
safe and reasonable speed. It is very important that the design speed is not
significantly lower than drivers reasonably expect or will tolerate. If the
work zone design speed is too low, even active speed control may not be
enough. Suggested maximum speed reductions in work zones by type of highway
are shown in Table 3-1.
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Work Zone Conditions

Work zones often involve workers and equipment very near the traffic
stream, supply trucks entering and leaving the traffic stream, uneven pave-
ment, shoulder drop-offs, fixed object hazards, rough pavement surfaces,
distractions and a number of other potential safety hazards. Selecting an
appropriate speed for a particular set of conditions requires experience,
objectivity and good judgment.

It 1is extremely important that a reasonable speed for conditions be
selected. If an unreasonably low speed is encouraged by the highway agency,
drivers will quickly lose respect for the speed control effort. The loss of
credibility and respect will result in reduced effectiveness of the speed
control technique at the site and possibly other sites.

Location of Speed Reduction

A speed control treatment should be first initiated 500 to 1000 feet
upstream of the hazardous location within the work zone. This will insure
that drivers have adequate time to react, and the speed message will still be
fresh in their minds when they reach the potential hazard. This applies
especially to the flagging, Tlaw enforcement and CMS speed control treatments
which are applied at a point.

The effective lane width reduction treatment is unique in that it s
applied over a section. The Tlane width reduction treatment should be
initiated approximately 500-1000 feet upstream of the potentially hazardous
location within the work zone, and continued to a point just past the end of
the potential hazard., It is critical to initiate the narrow Tlane section
before the potential hazard so that drivers have time to adjust their speeds
and to focus their attention on the potentially hazardous condition rather
than on the discomfort of driving in narrow lanes.

Location Relative to Other Work Zone Features

The relative 1location of speed control treatments to other work zone
signing is also important. Ideally, speed control should be initiated after
the first advance sign and in a section which is relatively free of other work
zone signs. This practice will lessen the possibility of overloading drivers
with too much information. It will also maximize the amount of driver
attention focused on the speed control effort.

Speed control treatments should not be placed in high driver work-load
areas such as near ramps, intersections or lane closure tapers.
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Downstream Effects

The studies reported in this report did not evaluate the effective length
of each particular speed control treatment. However, it is reasonable to
assume that all treatments will lose their impact eventually as drivers travel
farther and farther through a long work zone. Therefore, it is likely that,
if potentially severe hazards exist and drivers are not slowing down on their
own, additional speed control applications (e.g., another flagger station, CMS
or law enforcement officer) may be needed downstream.

Selection of Speed Control Treatment

Regulatory or advisory signing will not slow drivers down at work zones
under normal circumstances. However, at the majority of long duration work
zones where drivers become conditioned to the work zone environment and select
their own safe and reasonable speed, passive control can reinforce the
existing speeds and provide a sound basis of speed enforcement. Also, if used
prudently, advisory speeds will warn and advise unfamiliar drivers of common
potential hazards experienced routinely in work zones.

With regard to active measures, research reported herein focused on 4
speed control methods: flagging (including a police traffic controlier), law
enforcement (a stationary patrol car), CMSs and effective lane width reduc-
tion. The selection of one or a combination of these methods for use at a
particular work zone should consider a number of interrelated factors
including:

1. Duration of potential hazard requiring speed control
2. Type of facility

3. Desired speed reduction

4, Overall cost of treatment

5. Institutional constraints (e.g., availability of CMSs, police offi-
cer, patrol cars, trained flaggers).

As a guide to speed control selection, Tables 3-2 through 3-5 summarize the
general advantages and disadvantages of the various speed control methods with
respect to the above factors. Specific cost and implementation considerations
of the various methods are discussed in the following sections.
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TABLE 3-2. GENERAL ADVANTAGES AND DISADVANTAGES OF
FLAGGING AND POLICE TRAFFIC CONTROL
Advantages Disadvantages

1. Large speed reductions possible
2. Agency/Contractor has direct control
over performance

3. Relatively inexpensive for short
duration applications

4, Little or no disruption to
traffic flow

5. Quick and easy to implement
and remove

6. Suitable for all types of highways and
work zones

7.

Requires specially trained and conscientious
personnel

Fatigue and boredom necessitate frequent relief
High labor costs for long duration applications
Effectiveness may decrease with continuous use
Two flaggers (one each side) may be needed on

multilane roadways

Additional flaggers may be needed for long
sections

Drivers may have a problem seeing flaggers or
police traffic controllers at night

4The
it would over its own personnel,
police agency or officer interest.
manually control freeway traffic.

TABLE 3-3.

Also,
Some officers in urban areas are reluctant to attempt to

agency/contractor may not have as much control over a paid police traffic controller as

availability of officers may be restricted by the

GENERAL ADVANTA

LAW ENFORCEMENT

QES AND DISADVANTAGES OF

Advantages

Disadvantages

1. Large speed reductions possible

2. Relatively inexpensive for short
duration applications

3. Quick and easy to implement and remove

4, Can be effective at night, especially
with 1ights flashing

5. Sporadic use may encourage reduced
speeds during "non-use" periods

6. Suitable for all
and work zones

types of highways

Constrained by availability of police officers
and patrol cars

Agency/contractor does not have direct control
over performance

High cost for long duration applications

Competes with other police functions

Long work zones may require additional patrol
car units
Success depends on good cooperation form

enforcement agencies

dstationary patrol car treatments only.
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TABLE 3-4. GENERAL ADVANTAGES AND DISADVANTAGES OF CMSs

Advantages Disadvantages
1. Relatively inexpensive for both short 1. Only modest speed reductions possible
and long duration applications
2. Agency/contractor has direct control 2. Constrained by availability of signs
over performance
3. Little or no disruption to traffic flow 3. Effectiveness may decrease with continuous use
4, Quick and easy to implement and remove 4, Sign maintenance and repair may require
technical expertise
5. Suitable for all types of highways and
work zones
6. Effective at night and in inclement
weather
7. May be used in combination with other
techniques (e.g., flagger, law en-
forcement) for best results
d1f sign cost is extended over sign life (sign lease cost for a single, short-duration use
may be high).
TABLE 3-5. GENERAL ADVANTAGES AND DISADVANTAGES OF
EFFECTIVE LANE WIDTH REDUCTION
Advantages Disadvantages
1. Moderate speed reductions possible 1. Expensive to implement and maintain, for short
duration applications, depending on devices
2. Agency/Contractor has direct control used
over performance
2. May disrupt traffic flow (i.e., reduce capacity)
3. Relatively inexpensive for long duration
applications, depending on devices used 3. May increase certain types of accidents
4, Retains effectiveness with continuous 4, Device maintenance may be expensive
use and long duration use
5. May not be as effective on multilane highways
5. Speed reduction achieved throughout narrow

lane section 6. Not easy to implement or remove
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Implementation Costs

As part of the studies, implementation costs for the various speed con-
trol approaches were assessed. The purpose of the assessment was not to
attempt a detailed cost evaluation of specific treatments at individual sites,
but rather to identify the major cost considerations of each approach.

Flagging

The cost of flagging includes the cost of labor, fringe benefits, equip-
ment (e.g., flag, vest and hard-hat) and transportation to and from the site.
It is important to budget for dead time (i.e., the time spent waiting for work
to get started each day). Even more important is the requirement that flag-
gers be relieved every 1 1/2 to 2 hours. This is based on personal experience
of the authors who served as flaggers during the speed control studies.

Considering all costs, a highway official in Texas estimated that it
costs his agency approximately $20 per flagger-hour (in 1983 dollars) (4).

Law Enforcement

Table 3-6 presents the results of a survey of city, county and state
police agencies in Texas regarding the cost of hiring off-duty officers for
work zone traffic control. From the table, the hourly rates ranged from
$10.00 to $22.50, with the average charge being about $15.00 per hour.

Most of the police agencies surveyed do not normally allow officers the
use of a patrol car for off-duty work. The agencies said that cars were too
scarce. The Texas Department of Public Safety, by state statute, will not
allow off-duty officers to use state vehicles or equipment, or even to wear
their uniforms.

During the survey, the police agencies were asked about furnishing on-
duty officers and patrol cars for work zone speed control. Most of the
agencies said they would provide assistance for no charge at selected sites.
However, they do not have the resources to provide men and vehicles on a
regular basis.

CMSs

In Texas, portable CMSs are not readily available for lease from traffic
control suppliers. One supplier, however, offered to lease a 3-1ine, bulb
matrix sign for $3,000 per month. This does not include operating costs such
as fuel, oil and routine servicing.
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TABLE 3-6, COST OF HIRING OFF-DUTY LAW OFFICERS
FOR TRAFFIC CONTROL IN 1983 DOLLARS

Agency Off-Duty Wage Rate
City of Austin $22.50/hr.2
City of Arlington $20.00/hr,
Brazos County Sheriff's Department $10-12/nhr.
City of Dallas $15.00/hr.
City of Ft. Worth $15.00/hr,
Harris County Sheriff's Department $15-18/hr.
City of Houston $15.00/hr.
City of San Antonio $15.00/hr.P
Texas Department of Public Safety $12-15/hr.€

8Rate includes use of patrol car if approved by city.

PRate drops to $12/hr. after 3 hours of continuous
service,

CState statute prohibits off-duty DPS officers from
wearing their uniform or using any State equipment.
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The Texas SDHPT acquired most of its CMSs by requiring contractors on
major projects to buy signs for their projects. 0Once the projects were com-
pleted, the signs were turned over to the Department for wuse on future
maintenance and construction projects. The practice of SDHPT buying CMSs
through construction projects has ended as of this report date. The CMSs now
remain the property of the contractor. The latest bid price received by the
State for a 3-line sign was just under $50,000.

CMSs require routine maintenance and repair, and the cost of skilled

labor and parts can be high. Also, it is common that inoperative signs must
be shipped to the manufacturer for repair,

Effective Lane Width Reduction

As noted earlier, the cost of implementing reduced Tane widths can vary
greatly. The total cost includes the cost of the devices as well as installa-
tion, maintenance, replacement, and removal of the devices. The salvage or
reuse value of the devices can be subtracted from total costs, however, to
yield the net cost to the agency.

Treatment Anchoring

The studies indicated that a speed reduction technique, to accomplish its
desired effects, should be anchored to an appropriate, reasonable speed.
"Anchoring" refers to displaying a specific speed along with the speed control
technique so that drivers know at what speed they should travel through the
work zone. The speed control technique may be anchored to a regulatory speed
sign, an advisory speed plate, or a speed message displayed on a CMS.
Advisory speed plates are intended for use to supplement warning signs. By
"anchoring" a speed reduction treatment, drivers can better relate to the
treatment as a speed reduction device, and the specific meaning or intent of
the device is reinforced.

Treatment Implementation Considerations
During the course of the research, several observations were made con-
cerning how best to implement the various speed control treatments. Some of

the practical 1limitations of the treatments were also identified. These
implementation considerations and Timitations are Tisted and discussed below.

Flagging

1. Flaggers should be conscientious and dependable workers with good
vision, hearing and physical condition.
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10.

11.

Flaggers are required to be properly attired in a fluorescent orange
vest with reflective material. They may also wear a hard-hat. The
vest will enhance the conspicuity of the flagger and connote to
drivers that he/she is an official member of the work force with
authority to control traffic.

The flagger is required to be equipped with a standard red flag or
sign paddle. The flag serves as an attention-getting device and
increases the target value of the flagging operation. (The research
did not study the use of paddles.)

Flaggers should be well trained in the proper flagging procedures and
signals. The studies revealed that both the MUTCD and innovative
signals produce relatively large speed reductions. The innovative
signal has the advantage of indicating the desired speed to
motorists.

In the interest of personal safety, the flagger should not be in the
travel lanes but rather on the shoulder, if it is wide (8-10 feet),
or just off the pavement.

The flagging operation should be "anchored" to a speed sign. The
research did not address whether a regulatory sign, advisory sign or
CMS was a better anchor, but did suggest that any of them would be
adequate.

Flagging is a physically tiring and boring activity. To be effec-
tive, a flagger should be relieved at least every 1 1/2 to 2 hours.

Flagging appeared to be most effective on 2-lane, 2-way rural high-
ways and urban arterials, where a flagger has the least competition
for drivers' attention. On freeways, two flaggers may at times be
needed, one on each side of the road, in order to achieve maximum
effectiveness.

The studies did not evaluate the effective distance of flagging
operations (i.e., how far speeds remained reduced downstream of a
flagger station). However, it is reasonable to assume that in a long
work zone (e.g., 1 mile or more) speeds would eventually rise again.
Thus, it may be necessary to establish additional flagging stations
at work zones where speed hazards exist over long distances.

For nighttime operation, flagger stations should be illuminated and
flaggers should use an approved red latern, flashlight with red wand,
reflectorized paddle or redlectorized sign.

It may be difficult or impossible to flag during inclement weather.
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12.

Flagging is well suited for short duration applications (i.e., Tless
than 1 day), and for intermittent use at long duration work zones.
It is T1ikely that flagging would diminish in ineffectiveness if it
was used continuously over several days or weeks.

Law Enforcement

1.

Where it was tested, manual police traffic control was the most
effective Tlaw enforcement strategy. (However, a uniformed police
officer was no more effective in slowing drivers than a well-trained,
properly attired flagger using proper flagging signals.)

A stationary patrol car, anchored to a speed sign, was very effective
in slowing drivers. By turning on the patrol car lights or radar
unit, a stationary patrol car may improve its effectiveness
marginally.

A circulating patrol car was the least effective 1law enforcement
strategy evaluated in reducing overall speed.

Many officers apparently are reluctant to attempt to reduce speeds at
freeway work zones by manual traffic control hand signals. During
the studies, some officers refused to participate in the manual
control treatment saying that their services were better utilized
performing other traffic control functions. Some officers believed
that they would not be effective, and some cited a concern over their
personal safety. Officers were particularly hesitant to attempt
manual traffic control at the urban freeway site.

To increase effectiveness during nighttime operation, a stationary
patrol car probably would need to have 1its overhead emergency
flashing lights on. This would assure that the patrol car is seen by
most drivers. The safety effects of a stationary patrol car with
emergency lights-on was not studied, although no problems were
observed during the daylight tests. It is reasonable to assume,
however, that there would be situations where the flashing Tights
would be too distracting and result in a safety hazard.

For maximum effectiveness, the patrol car should be highly visible to
approaching traffic. The patrol car is only effective when in place,
so attempts to pursue and ticket violators should be minimized. A
second patrol wunit could be used occasionally for this function if
desired to possibly further enhance the effectiveness of the sta-
tionary patrol car approach.

The various law enforcement treatments may increase in effectiveness
over a period of time as more and more drivers anticipate police
presence and the threat of speed enforcement. However, if drivers
eventually perceive that they will not be ticketed for violations,
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CMSs

the effectiveness may subside. Therefore, for long-term applica-
tions, it may be necessary to occasionally issue citations to
violators.

[t is likely that occasional use of the various law enforcement
strategies will reduce speeds even when the law enforcement is not
present. This was not addressed in the studies.

Additional stationary units may be needed to maintain reduced speeds
through a very long work zone.

CMSs resulted in only modest speed reductions at the sites where
they were tested (i.e., urban arterial and freeway sites). It is
unlikely that CMSs alone could produce very large speed reductions
(e.g., greater than 10 mph). These findings are consistent with
CMS studies conducted by Hanscomb Q@. '

The 2 types of messages tested (Speed versus Speed and Informational)
performed approximately the same.

CMSs are appropriate for day and night use.
CMSs retain most of their usefulness during inclement weather,

CMSs are versatile. The speed message may be changed as conditions
change, and they may be used to display other types of information
and warnings as needed. They are easy to install or relocate.

The appropriate type and size of CMSs should be used for the condi-
tions. Reference 6 presents CMS selection and operation con-
siderations.

CMSs must be properly serviced and repaired. Acquiring necessary
parts and expert labor may require shipping the sign to a distant
manufacturer, or waiting for the manufacturer or his representative
to service the sign locally.

CMSs may lose their effectiveness when operated continuously for 1bng
periods with the same messages.

A survey of traffic control subcontractors, conducted as part of this
study, revealed that CMSs are currently not readily available for
Tease on a short-term basis. In Texas, where all the field studies
were conducted , the highway agency is requiring that its contractors
purchase CMSs for use on some major projects. When a project is com-
pleted, the sign is turned over to the agency for use at future
construction and maintenance sites.
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Effective Lane Width Reduction

1.

Slight effective lane width reductions (e.g., 11.5 and 12.5-foot
widths) will reduce speeds modestly. Although not tested, it is
assumed that even narrower lanes (e.g., 9-10 feet) may greatly lower
speeds. However, the studies suggested that lane reduction, if
effective, also increases speed variance and erratic maneuvers.

In order to implement a lane width reduction technique, it is usually
necessary to interrupt traffic flow and expose workers to traffic
(i.e., workers must get out into traffic and install the devices).

There are many devices and strategies available for implementing
effective reduced lane widths (e.g., cones, drums, striping, bar-
riers, barricades, etc.). The cost, maintainability, effectiveness
and safety of the various approaches varies widely. Only cones were
evaluated in the studies.

Cones proved to be quick and easy to install and remove. However,
they were frequently hit by large trucks and mobile homes when the
11.5-foot treatment was used.

Effective Tane width reduction appears to be more practical for long
duration applications (i.e., several days or more). The time and
initial cost to implement are relatively great, but once installed,
there is little labor or expense.

On roadways with 3 or more lanes per direction, it may not be
possible to accomplish the desired effective lane width reduction in
the middle Tlanes without restriping the roadway.

Effective lane width reduction techniques may not suppress speeds
long after the end of the narrow sections. Thus, the narrow lanes
must be continued throughout the area where reduced speeds are
desired.
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4. CHANGEABLE MESSAGE SIGNS

Introduction

CMSs can perform a critical role on high-speed highways by furnishing
drivers with real-time information that advises them of problems and
unexpected conditions, and telling them the best course of action. CMSs can
be particularly useful at highway construction and maintenance work sites
which often present drivers with unexpected traffic or detour situations. In
recent years, CMSs have been made portable by placing them on trailers or
pickup trucks. Portable CMSs provide the flexibility for moving the signs to
various locations and allow one to display highlighted information at
critical Tocations in work zones.

Report 292-4 discusses operational, design, and message design considera-
tions for the use of CMSs at highway work sites (7). Some of these
considerations are summarized in this chapter. The effectiveness of CMSs for
speed control in work zones was discussed in Chapter 2.

Applications of CMSs

There are a variety of applications for CMSs at urban freeway construc-
tion and maintenance work zones. However, because of their flexibility and
capability, CMSs are sometimes incorrectly used, thus reducing their
effectiveness. The primary purpose of CMSs in work zones is to advise the
driver of unexpected traffic and routing situations. Repeat drivers (i.e.,
familiar drivers) become accustomed to the situation after a period of time
and will begin to ignore the sign. When the message is later changed for a
new situation, the repeat drivers may not read the message. Prolonged use of a
CMS at one location and for one purpose may, therefore, reduce the effective-
ness of the sign. Thus, CMSs should generally be used for short periods of
time (e.g. one to two weeks) and for special applications. Examples of
special applications where CMSs can be effective in urban freeway work zon<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>