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FOREWORD

This final report will be of interest to highway engineers and researchers
concerned with traffic control in work zones. This report is from a
contractual effort as part of the FCP Project 1A, "Safety and Traffic Control
Dev ices."

This report presents the findings of the effectiveness of four methods for
speed control in work zones. The four methods are: 1) flagging, 2) law
enforcement, 3) changeable message signs, and 4) lane width reduction. The
results indicated that flagging and law enforcement were very effective methods
of speed control.

This report also contains a summary of three other reports prepared as part of
the study on "Improvements and New Concepts for Traffic Control in Work Zones."
These three reports are: "Effects of Traffic Control on Four-Lane Divided
Highways," "Implementation of Work Zone Traffic Control," and "Abbreviated
Marking Patterns in Work Zones." No distribution of these three reports is
planned. Copies may be obtained from the National Technical Information
Service (NTIS), 5285 Port Royal Road, Springfield, Virginia 22161.

-- ~« S;:;J~-~J
st~. Byington, Director~
Office of Safety & Traffic Operations R&D

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its content or use thereof.

The contents of this report reflect the views of the contractor, who is
responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official policy of the Department of
Transportation.

This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.
Trademarks or manufacturers' names appear hereifl only because they are
considered essential to the object of this document.
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REPORT SU~i1iARIES

The results of the study titled "Improvements and New Concepts for Traffic
Control in Work Zones" are documented in the following four volumes:

Volume No.

1

2

3

4

Title

Effects of Traffic Control on Four-Lane Divided
Highways

Implementation of Work Zone Traffic Contral

Abbreviated Marking Patterns in Work Zones

Speed Control in Work Zones

As only Volume 4 (this report) will be distributed, summaries of
Volumes 1,2, and 3 are included in the following pages. Copies of all volumes
are available from the National Technical Information Service, Springfield,
Virginia 22161.

iii



SUMMARY: VOLUME 1

"EffECTS OF TRAfFIC CONTROL ON FOUR-LANE DIVIDED HIGHWAYS"

There is a growing concern among highway agencies and construction
contractors about the effects of traffic control management requirements on
construction work productivity, safety, and cost. This concern is particularly
evident at work zones on four-lane divided highways where there are two basic
traffic control alternatives available:

1. One lane in one direction is closed resulting in little or no
disruption of traffic in the opposite direction (i.e., single-lane
closure); and

2. One roadway is closed and the traffic which normally uses that roadway
is crossed over the median, and two-lane, two-way traffic operation
(TLTWO) is maintained on the other roadway.

There has been much speculation as to which of these work zone traffic
control approaches (i.e., single-lane closure vs. TLTWO) is more desirable
under various traffic volume levels.

In this study, nine case field studies (four single-lane closures and five
TLTWOs) were conducted on divided highways in Texas and Oklahoma. Data were
collected at each site to assess: 1) worker productivity, 2) job duration,
3) construction costs, 4) traffic control device costs, 5) highway user costs,
6) accidents, 7) conflicts, and 8) capacity.

An attempt was made to evaluate overall work productivity by analyzing
individual worker productivity (i.e., work delays or slow-downs encountered by
workers because of traffic interaction). The work productivity estimates
derived from this analysis, however, did not adequately reflect the complex
nature of work zone activities. The estimates also were influenced more by
individual site characteristics than by the general traffic control approach.
An attempt to quantify work productivity using worker and equipment efficiency
ratings also proved to be of questionable value. Although efforts to directly
measure work productivity were unsuccessful, work productivity was evaluated
indirectly by considering project duration and cost relationships.

Highway user costs (i.e., costs associated with changes in travel time,
vehicle operations, and speed change cycles) for each study site were
calculated using a modified version of a work zone queue and user costs
evaluation model (QUEWZ) which relates traffic volumes and speeds to user
costs. No significant differences in user costs were found between the
single-lane closure and TLTWO sites in the direction of the closure. The
results also indicate that, as expected, the user costs in the opposite
direction to the closure or crossover will b~significantly higher with a TlTWO
traffic control approach when hourly demand volumes approach and/or exceed the
capacity of the open lane. Graphs and tables are presented in Volume 1 which
show the relationships between hourly traffic volumes and user costs for the
sites studied.



An additional analysis using the QUEWZcomputer model indicated that work
zone length has no significant effect on road user costs when traffic demand
volumes are below the work zone capacity ,but does affect user costs when
demand volumes exceed the capacity.

"Beforen and "during" accident experience at the work·zone study sites was
evaluated using computerized accident data supplied by the highway agencies. A
minimum of 1 year of "beforell data was analyzed. Because of the relative
timing of the construction projects and the research schedule, the amount of
data, for the "during" period, was very limited, ranging between only
1.2 months to 10.6 months.

The limited accident data available indicated that the TLnlO sites studied
generally had a better safety performance based on accident rates only.
Accident severity by traffic control approach was also evaluated; however, the
findings were inconclusive because of the small·samplesizes.An analysis of
the traffic separation at TLTWO sites was also inconclusive for the same
reason.

Analysis of limited capacity flow data from-three sites indicated the
capacity of a lane in the crossover direction of aTLTWO is about 1500 vph, and
in the opposing direction, is approximately 1800 vph.

Because of the limited sarnplesize, guidelines as to where and when a
single-lane closure or a TLTWO should be used could not be developed.

v



SUMMARY: VOLUME 2

"IMPLEMENTATION OF WORK ZONE TRAFFIC CONTROL"

The areas covered in Volume 2 include a review of policies and materials
related to work zone traffic control; information on work zone traffic control
reaching project engineers and foremen; problems experienced in implementing
work zone traffic control; and causes of work zone traffic control not being
implemented.

It was concluded that personnel training and a firm commitment to improve
safety, by agencies responsible for the design and implementation of work zone
traffic control, were two of the most effective means of improving the safety
of the workers and the motoring public in work zones.

vi



"ABBREVIATED MARKING PATTERNS IN WOflK lONES"

Volume 3 contains the results of the test track studies for the evaluation
of temporary pavement markings for work zones. The objective of the test track
studies was to investigate the following ten candidate temporary marking
treatments for use in work zones:

7
8
9

6

Treatment
Treatment
Treatment
Treatment
Treatment

1--4-ft stripes (4 in wide) with 36-ft gaps (base treatment).
2 2-ft stripes (4 in wide) with 38-ft gaps.
3 8-ft stripes (4 in wide) with 32-ft gaps.
4 2~ft stripes (4 in wide) with .18-ft gaps.
5 Four non-reflective RPMs at 3~1/3 ft intervals with 30~ft

gaps and reflective marker centered in alternate gaps at·
80-ft intervals.
Three non-reflective and one reflective RPMs at 3-1/3 ft
intervals with 30-ft gaps.
2-ft stripes (4 in wide) with 48-ft gaps.
Treatment 2 plus.RPMs at 80-ft intervals.
Two non-reflective RPMs at 4-ft intervals with ~6-ft gaps
plus one reflective RPM centered in each 36-ft gap.

* Treatment 10 -- 1-ft strips (4 in wide) with 19-ft gaps.

* Treatment
* Treatment

Treatm,snt

The initial test track studies were conducted during dry weather, daytime
conditions. Based upon the findings of the daytime studies, the base treatment
and thiS six "best" of the nine other marking treatments were evaluated during
dry weather, nighttime conditions employing the same procedures and
experimental design.

The studies were conducted on the test track at the Texas A&M Research and
Extension Center, with a demographically-balanced sample of drivers
individually driving an instrumented test vehicle. Measures of effectiveness
included speed and distance data, erratic maneuver data, and subjective
evaluations of treatment effectiveness.

The findings and conclusions of the daytime studies were as follows:

1. The vehicle speed and distance data failed to provide any basis for
selecting among the 10 treatment conditions. Due to the large
variability within subjects and small magnitude of change in the
measures of effectiveness, the analysis of the objective data failed
to reveal any significant difference in treatments which would be of
practical significance.

2. Two treatments with short stripes (2-ft stripes) and long gaps
(48- and 38-ft intervals) were found to be associated with drivers
missing curves and with wide deviations to the right of centerline.

3. The subjective ratings tended to support the above conclusion.
Drivers found it difficult to follow curves with long gaps or short
stripes and preferred the 8-ft stripes with 32-ft gaps or the RPMs.

* Treatments 7, 8, and 10 were not evaluated under nighttime conditions.
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The objective of the nighttime studies was to determine if the daytime
findings held under dry weather, nighttime driving conditions. The approach
was to essentially replicate the daytime study procedures with a matched but
different sample of drivers. The six markings selected were three with
striping patterns and three RPM configurations. Treatments 7, 8, and 10 were
not studied at night.

The nighttime data were statistically evaluateo in the same manner as the
daytime data and a comparison was made between the two study findings. The
major findings and conclusions were as follows:

1. Speed and distance performance data for the nighttime studies were not
sufficiently different to provide a basis for ranking the treatments.
Speed profiles for night driving were comparable to those in the
daytime studies.

2. Erratic maneuver data also revealed no significant differences with
respect to treatments.

3. Drivers rated the 8-ft stripes with 32-ft gaps as the best, and the
2-ft stripes with 38-ft gaps as the poorest of the four striping
patterns tested. The three RPM treatments tested were all judged by
drivers to be highly effective.

4. Drivers rated the baseline treatment (4-ft stripes with 36-ft gaps) to
be inferior to the three RPM treatments tested.

5. In general, the nighttime studies supported the findings of the
daytime studies in ratings of effectiveness. However, neither study
found that the performance data provided any basis for ranking
treatments.

Data are provided in Volume 3 on the relative costs of pavement markings
but a cost-effectiveness evaluation was not feasible based upon objective
performance measures because no differences in performance were found.
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EXECUTIVE SU~~RY: VOLUME 4

~SPEEOCONTROL IN WORK ZONES"

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 dawn to posted speed limits in work zones.

The objective of the research, reported in this volume, was to determine
or develop effective methods of slm'ling traffic to acceptable speeds in work
zones. In addition to their effectiveness in reducing speeds, other factors
such as costs, motorist and worker safety, and institutional constraints were
also considered.

Candidate speed control methods for work zones were identified through a
literature search and recommendations from a Technical Advisory Committee
consisting of Texas State Department of Highways and Public Transportation
(SDHPT) traffic engineers and maintenance engineers from seven Texas districts
and three Texas division offices.

Follo~ling a limited number of proving ground studies, field studies were
conducted to evaluate the short-term effects on four methods of speed control.
Several variations (treatments) of the four methods were tested. The speed
control methods and treatments studied included:

1. Flagging

a. Flagging as described in the Manual an Uniform Traffic Control
Devices (MUTffi)

b. Innovative flagging on one side of the road
c. Innovative flagging on both sides of the road

2. Law Enforcement

a. Stationary patrol car
b. Police traffic controller
c. Circulating patrol car
d. Stationary patrol car - lights. on
e. Stationary patrol car - radar on

3. Changeable Message Signs (CMS)

a. CMS - Speed message only
b. C~lS - Speed and information message
c. CMS - Speed and informational (alternative location)

4. Effective Lane Width Reduction

a. Lane width reduction - 11.5 ft with canes
b. Lane width reduction - 12.5 ft with cones

ix



The speed control approaches were tested on three types of highways:
(1) undivided multilane urban arterial, (2) rural freeway, and (3) urban free
way. However, due to practical constraints, not every treatment was tested at
each.site. In addition, results from a research study sponsored by the SDHPT
dealing with speed control methods on two-lane, two-way rural highways were
incorporated into the report.

The results of the study are summarized below:

Highway Types

Undivided Two-Lane,
Multi-lane Two-Way

Urban Rural Urban Rural
Arterial Freeway Freeway Highway

Desired Speed (35 mph) (45 mph) (40 mph) (45 mph)

Average
Treatment Speed Range of Speed Reduction

Reduction in mph
in %

Flagging 19% 11-13 4-13 5 8-16

Law Enforcement 18% 12-13 5-9 3-6 2-14

Changeable
Message Signs 7°1 3 3-5 0-2 Not studied10

Lane Width
Reduction
(with one) 7% 2-4 2:..5 0 4-8

These results indicated that flagging and law enforcement were the most
effective methods of speed control. The best flagging treatment was innovative
flagging which is the MUTCD "Alert or Slow" procedure enhanced by two
additional movements: 1) Flagger motioned traffic to slow with free hand, then
2) pointed with free hand to nearby speed sign. This treatment reduced speeds
an average of 19 percent. The best law enforcement treatment was the polic~

traffic controller. This treatment consisted of an uniformed officer standing
on the side of the road next to a speed sign and manually motioning traffic to
slow down. This treatment reduced speeds an average of 18 percent. In
contrast, the best changeable message sign (one or three line bulb matrix sign
displaying work zone information message plus a speed advisory) and effective
lane width reduction (with cones leaving 12.5-ft travel path) reduced speeds by

x



only 7 percent. However, changeable message signs :~Jere nat studied at the
two-Iane,two-way rural highway sItes where tnegreatest·speed reductions were
observed far the ather methods.

Tile innovative flagging approach, MUTCD flagging, police traffic
controller, and stationary patral car were found to be very effective
treatments on mast 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 five of the
six study sites but the differences were small. For example, on one rural
two-lane, two-way highway the innovative flagging treatment reduced the average
speed by 16 mph 00 percent), while MUTCD flagging reduced the mean speed by
12 mph (23 percent). 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 speed
reduction at the two-lane, two-way rural highway sites (8-16 mph) and urban
arterial sites (11-13 mph). They generally resulted in smaller speed
reductions at rural freeway sites (4-13 mph) and 3~6 mph speed reductions at
the urban freeway sites. The results also indicated that flagging effective
ness may be improved on freeways by having a flagger on both sides of the
travel lanes.

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

Although the research did not specifically address the issue of when speed
control should be implemented at a particular work zone, several important
considerations were identified by the authors. One consideration is the
harmful eff'ect of speed control abuse and misuseat ..work zones. If
unreasonably low speed limits are used or if reduced speed limits are left in
place after the work activity is removed, the credibility of work zone speed
reduction effort in general is damaged. This concern and other issues are
discussed in Chapter V, "Implementation of Work Zon~ Speed Control Measures,"
in this report.
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The issue of speed control through highway work zones has been a topic of
concern for several years (1, 2). Excessi ve work zone speeds can adversely
affect the safety of the work cre\'! and motorists. In an attempt to control
work zone speeds, highway agencies have followed standard signing practices,
but drivers do not always slow down in response to posted speed limits.

Besides signing, other methods (e.g., changeable message signs (eMSs),
flagging, rumble strips, transverse striping, lane width reductions
(funneling) and law enforcement) have been used in an effort to reduce speeds
through work areas to the desired level. Some of these methods have been
successful in reducing speeds and others have been ineffective. The question
addressed in this study was: when required, how can speeds through highway
work zones be reduced?

The objective of the research was to determine or develop effective
methods of slowing traffic to an acceptable speed in work zones. Factors
considered in the study inc1 uded cost, motorist and worker safety, institu
tional constraints, and likelihood of success in obtaining the desired speed.

Through an extensive literature search, a set of candidate speed control
methods for work zones was identified. The candidate approaches were reviewed
and critiqued by a Technical Advisory Committee (TAC) consisting of Texas
Stat,e Department. of Hi.J:lhways and Publ ic Transportation traffic engineers and
maintenance engineers from seven. di~trf~ts and three dtvisional' office~. The
set of candidates was narrowed and refined based on TAC input. Provin:g ground
studies were conducted to screen some of the candidates.

Based on the results of the proving ground studies, literature review and
TAC input ,fotlrb.a-sicapproachesof sp-eedcEHltrolweresel-ec-te{/ -fnr -f-i el d
evaluation in this research effort:

1. Fl aggi ng
2. Law Enforcement
3. Changeable Message Signs
4. Lane Width Reduction (Funneling)
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Conventional speed signing was also evaluated as a base condition. The speed
control approaches were tested at four work zones on three types of highways:

1. Undivided Multilane Arterial (1 site)
2. Rural Freeway (2 sites)
3. Urban Freeway (1 site)

Field studies were also conducted as part of a companion research effort
(3) sponsored by the Texas State Department of Highways and Public Transporta
tion (SDHPT) in cooperation with the Federal Highway Administration (FHWA) in
which several of the speed control methods and variations within the methods
were tested on 2- 1ane ,2",way hi ghways. The results of these compani on studies
are incorporated into t~isreport.
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A review of work zone and speed control 1 iterature was conducted to
identifyand evaluate candidate speed control methods applicableto work
zones•. A secondary purpose of the 1 iterature review was to determine the
extent and nature of the work zone speed prob lein. Ident ifi cat i on of pertinent
1 iterature was aided by an HRIS fJ le search. .

The ava.il ab.l eliterature reveal ed thatthel"e a~e two schools of thought
regarding work zone speed control (1). One group 'contends that work zone
sp,eeds should be similar to normal speeds (i.e., before work began) in order
to minimize speed differentials and thus accident potential. The other group
argues that·,si nce work zones generally contain many hazardous elements, it is
desirable to reduce traffic speeds in the interest of safety. Although these
two phi 1osophi es appear to contradi ct one another, in practi ce they do not.
In fact, the phil osophi es may be merged toestab li sh a basi c approach to work
zone speed control.

Every effort sho~ld be made to desig~ ~ork zones to safely
aicicc;~ooate traffic at nomal speeds" WhEn it is impossible or
impractical to accomplish this goal, safe~ effective and
economical means sho~ld be used to reduce speeds to the
appropriate lel1elc

Several studies have concl uded that work zone speed control is a critical
problem. Based on a review of rural work zone"accidents in Ohjo, Nemeth and
Migletz (4) found that excessive speed was cited 5 1/2 times more frequently
than any other accident-producing factor. Richards and Faulkner (5) observed
that speed violations contributed to 27 percent of the work zone accidents in
Texas compared to 15 percent of non-work zone accidents. Humphreys eta al.
(2) visited 103 work zones in several states and concluded that unsafe speeds
within work zones and ineffective attempts at speed reduction are primary
causes of work zone accidents.

Numerous speed control approaches have been considered and/or evaluated
for work zones in the United States and abroad:

1. Regulatory and Advisory Signing - Previous studies il)dicate that
conventional speed signing generally has no ~ffect on work zone
speeds, but may increase work zone conflicts (1,6). Drivers respond
to perceived work zone conditions regardlesS-of any posted spe1ed
1i mHs, and they may not reduce thei r speeds if there is no percei ved
danger. Furthermore, there is no evidence that reduced speed zoning
at work zones reducesacci dents (1).
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2. Changeable Message Signs - Studies conducted by Hanscomb (1) and Webb
(8) found that CMSs, used for advance warning at 1ane closure work
zones, reduced average traffic speeds up to 7 mph. Changeable mes
sage signs have generally been ineffective as a speed control device
in non-work zone appl ications (~,10).

3. Traffic Activated Signing - This approach has had mixed success in
reducing speeds at smafl towns, built-up areas, curves and school
zones (!.!.,g).

4. Flashin~ Lights - Flashing lights used to supplement static signing
have falled to reduce work zone speeds (1). Some agencies are using
flashing overhead signals to warn of partlcular hazards at work zones
(e.g., in advance of a detour). The effects of these install ations
on speeds are undocumented.

5. Traffic Signal s and Stop Signs - These traffic control devices will
reduce speeds over a short section (13), but have very 1imited work
zone appl ications. -

6. Iowa Weave Section - Brewer (14) reported modest speed reductions,
without adverse effects on safety, usi ng thi s strategy at a freeway
lane closure work zone.

7. Colored or Textured Pavements - Both of these approaches have proven
ineffective in reducing speeds on intersection approaches and at
sharp curves Ui). There is no documentation of their use at work
zones.

8. Flagging and Pacing - These approaches are cited in several
publications, however their performance was not documented.

9. Speed Bumps and Humps - Speed bumps, except at very low speeds, may
cause loss of control, damage to the undercarri age of vehi c1es and
excessive noise (16). They are generally restricted to parking lots.
Speed humps, on tne other hand, have been used successfully to reduce
speeds and accidents on low speed streets (17,18). Thei r impact on
safety is questionable above 30 mph. --

10. Rumbl e Strips - Numerous studies have been conducted in the United
states, treat Britain and Sweden· with inconsistent results. A
British study (19) found that rumble strips reduced accidents, but
not necessarilYSpeeds.• Rumble strips at the Dartfort Tunnel in
Berkshi re, Engl and (20) and ina Swedi sh study (21) reduced speeds.
A Michigan study (22}Concluded that rumble strTPs were effective
when strip spacingwas gradually decreased based on a deceleration
rated of 3 feet/sec./sec.
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11. Transverse Striping - Studies conducted in Maine (23), Ohio (24),
Kentucky (25) and Great Britain (26) indicated that transverse stri
ping can reduce speeds, and in-Some cases, accidents at curves,
intersections and approaches totowns~ A British study (26) suggests
that marld ng effecti veness may decrease with tim,s and may be
influenced by an unfavorable previous exposure. Agent (25) concluded
that transverse mark i ngs shoul d be impl emented over long sections
(e.g., 1200 feet) to promote thei r effecti veness.

12. Lane Width Reductions - This approqch, also called "funneling," has
produced mixed resul ts. At a freeway construction zone in Texas,
Richards et. al. (6) found that lane narrowin~to a IO-foot width
reduced speeds 10 mph without adverse safety effects. A Swedish
study (28) found that funne 1 i ng traffi c into 10-foot 1anes reduced
work zone speeds significantly. On the other hand, Graham et. al.
(1) reported higher accident rates at work zones with reduced lane
widths.

Funneling can be accomplished even though the actual lane width
is not reduced. Placement of cones or barre is at the 1ane 1 i nes may
not necessarily physically reduce the lane width, but they do produce
funnels which effectively reduce the lane width.

13. Law Enforcement - Studies (11,29) have concl uded that enforc,ernent
reduces speeds by 10-15 percentdependi ng on the strategy employed.
The most effective strategies are those which are highly visible and
connote the most obvious threat (e.g.~ stationary patrol car with
1ights and/or radar on). Enforcement may a1 so reduce speed variance
(30). Enforcement normally suppresses speeds for several miles
upstream and dO"'JI1stream~ and it may have "carryover" effects,
suppressing speed after His removed (l!.).

A Technical Advisory Committee (TAC) wasestabl ished to provide input
into the devel opm<ent and refinement of work zone speed control approaches.
The TAC was compri sed of Oi stri ct traffi c and mai ntenance engi neers and Oi vi
sian-level traffic engineers from the Texas SOH PT. Committee members
contributed to the research effort by reviewing candidate speed control ap
proach'es and providing opinions on feasibi 1ity, practical ity~ 1imitations and
preference. The TAG also assisted in locating appropriate field study sites
and making the necessary study arrangements.

The TAG met fol i owing campi etion of the 1iterature review. After identi
fying and discussing a wide range of speed c.antral approaches, the Committee
developed a list of nine candidate approaches for consideration. Table 1
presents the TAC's 11st of candidates along with a brief description of each
approach.
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TABLE 1. TAC CANDIDATE SPEED CONTROL METHODS

I speeders. I cooperation.

-------- ---------------
aComments based on literature review and TAC input.

Method Description Conmentsa

Changeable Message Changeable message signs are installed Variable message speed signing has not
Signs in the work zone to display speed advi- been very effective in non-work zone

sories based on real-time conditions. situations (9. 10) and only minimally
effective at-work zones (1.. ~).

Overhead Flashing Flashing yellow lights are suspended This approach is relatively untested. It
Signals over the travel lanes on span wire with would seem to have certain practical lim-

or without accompanying signing to itations (e.g •• long-term. point hazards).
warn of a hazardous condition.

Iowa Weave Section Drivers are forced to negotiate a This approach will reduce speeds moder-
reverse curve created by cones upstream ately without adverse effects on safety
of the hazard area. (14) • It is complicated and costly to

set up and maintain.

Flagging A flagger. eqUipped with a paddle or No data available on effectiveness. Some
flag. signals traffic to slow. signals are not understood by drivers

(B.).

Pacing A special pace vehicle leads a line of This approach is effective. but expensive.
vehicles through the work area at a Motorist delay may be excessive.
reduced speed.

Rumble Strips A series of raised strips are installed This approach can be effective (22) but
upstream of the hazard area. may present safety hazards to motor-

cyclists.

Transverse Striping A series of colored markings (usually A U.S. study suggests that this approach
white) are installed on the pavement is ineffective (1). Other stUdies con-
upstream of the hazard area. tradict this finding. however (23. 24.

25. 26). - -

Effective lane lane width is effectively narrowed to This approach can reduce speeds (~) but
Width Reduction create a "funneling" effect. may result in accidents and reduced
("Funneling") capacity (1).

law Enforcement Law officers are deployed at the work This approach is effective (21.29.
zone. They may issue citations to .1Q.. !!o). ~ut requires police-agency
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Pl'oi:ring Ground Studies

The literature review and TAC identified several candidate speed control
approaches for work zones and eliminated others from consideration. At this
point, a series of proving ground studies was planned to further evaluate and
refine some of the approaches. It was hoped that the proving ground studies
would determine which treatments within the various approaches were not appro
priate for further field testing. Evaluating driver performance ina proving
ground setting is not a substitute for real-world testing. It is difficult to
translate drivers' performance at a proving ground to behavior ana highway.
However, pro vi ng ground stud i es prov i de an effective way to fu rther screen
candidate control measures. They can, for exampl e, indicate a "wors t casel!
treatment which should not be tested in the field.

The pto~ing ground studies evaluated 3 candidate speed control
approaches: effective lane width reduction, transverse striping and rumble
strips. For each of these approaches, 3 treatments were tested as described
bel 0\.1/:

1. Effective Lane Width Reduction -- The test track travel lan,es were
reduced in width from 12 feet to 9 feet using each of the following
traffic control devices:

" temporary pavement markings,
e 28-inch traffic cones, and
e 55 gallon drums (barrels)

2. Transverse Stri pi ng -- A seri es of I-foot wide, white strip,es were
instal led on the test track in three patterns as fol lows:

• perpendicular to the travel direction and spanning the full
width of the roadway,

s perpendicular to the travel direction and spanning only to
the shoulders, and

• herringbone pattern across the full width Qf the roadway.

3. Rumble Strips -- A series of raised vinyl strips were placed in the
wheel paths on the test track in the following patterns:

e individual strips with the spacing between strips decreasing
in the direction of travel

e 3 clusters of 6 stri ps each wi th a 200-foot spaci ng b,etween
clusters, and

I 3 clusters of 6 strips each with decreasing spacings between
clusters.

Appendix A describes the studies in detail and presents the study
results. Generally speaking the results were inconclusive and indicated that
the simulated work zone setting had inherent limitations in assessing driver

7



response to speed control measures. None of the treatments evaluated signifi
cantly affected driver speeds under the study conditions. Subjectivelys
drivers felt that certain of the treatments were more effectives but they also
rated these treatments as the most hazardous.

Speed Control Methods

The proving ground studies left many questions unanswered. After confer
ring with FHWA s a decision was made to abandon further proving ground work in
favor of expanded (or comprehensive) field studies. The field studies were
"expanded" beyond their original scope in that several different treatments of
each speed control approach were evaluated in an effort to identify and refine
the more effective treatments.

In selecting speed control approaches for field testing s the results of
the literature review and proving ground studies s as well as TAC inputs were
considered. From the TAC's 1isting of candidate speed control methods (see
Table l)s the following 4 approaches were selected: fla~gings lawenforce
ments CMSs s and effecti ve 1ane width reduction. In addltion s conventional
speed srgnTng was studied as a base condition.

The remaining approaches cited by the TAC were not studied as a part of
this research for the reasons noted:

1. Overhead Flashing Signals - This approach is limited to long-terms
point hazards and would be too expensive to evaluate fully within the
scope of thi s study.

2. Iowa Weave Section - FHWA s stating that there were sufficient data
on this approach s requested that it be omitted.

3. Pacing - The effects of this approach are very predictable without
field validation. Also s this approach has very limited application
because it is expensives greatly reduces work zone capacity and can
cause excessive motorist delays.

4. Rumble Strips - This approach was evaluated on 2-lane s 2-way highways
as part of a companion research study (3). Based on the study
results s FHWA omitted rumble strips from further consideration.

5. Transverse Striping - FHWA s stating that there were sufficient data
on this approach s requested that it be omitted.

8



· III.. FIELD SlijDIiES'

A series of comprehensive field studies was conducted to:

1. determine the relative and absolute effectiveness of selected speed
control methods; f1 rediJcing speeds at work :Zones on d; fferent types
afhigh~Jays, .

2. gather information on the cost, institutionaJ Jirrlitations and opera
ticmal and saf,ety performance of the sel ected speed control m;ethods,
and

3. evaluate specific speed contol treatments within the selected
methods.

The studies evaluated the short-term (or irrmediate) effects of· the selec
ted speed control methods. It was not practical within th~ scope of the
research to leave speed control treatments in pi ace for extended time periods
so that long-term effects cou 1d be stud i Ed. HOII'leVer, some of the consi dera
tions fo~ long-term use were identified and are discussed in Chapter V.

Fi e I d studt es were conducted at 4 work zone sites in Texas on 3 types of
highways:

1. Undivided Multilane Arterial (1 site)
2. Rural Freeway (2 sites)
3. Urban Freeway (1 site)

In addition, companion studies were conducted at 2 work zones on 2-1ane,
2-way rural highways as part of an SOHPT research project (3). Since the
SDHPT studies di rectiy campi ement the research, the resul ts-af the 2-1 ane
highway studies have been incorporated into this report where appropriate.

Table 2 identifies the study sites by highway and location and also
summarizes prevailing site conditions including typ,e of work activity, loca
tion of work, traffic control strategy, traffic volumes, percent trucks, and
posted and prevailingspleeds. The table includes information on the 2-lane
hi gnway 5i tes for reference. Constructi on or major rnai nte.nance work was in
progress at all of the sites during the studies.

Figures 10 through 15 in Appendix B present site layouts for each of the
study sites, including the 2-lane highway sites. The layouts illustrate the
roadway configuration and work zone signing at each site.

9
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As discussed in the previous chapter, 4 speed control methods were
selected for field testing: flagging, lalt! enforcement, C~lSs, and effective
lane width reduction. Additionally, rumble strips and conventional speed
signing were tested at the 2-lane highway sites (3). Conventional speed
signing (regUlatory or advisory) was also evaluated as a base condition at all
sites.

As the field studies were originally conceived, 6 speed control
approaches were to be tested ~niformly across Bsites (2 sites X.4 roadway
types). This approach would have provided a complete factorial design capable
of eval uating treatment effect, roadway effect and interactions between road
way types and treatments. As the studi es progressed, however, the study
design had to be modified to accommodate several 1imiting factors.

1. Only 4 suitable sites with the necessary equipment and personnel to
impl ement th,e speed control methods coul d be found. For example,
CMSs were not available at several candidate study sites initially
identified. At other sites, law enforcement personnel were not
avail abl e.

2. Fol lowing the proving ground studies, there still was a need to
further evaluate and refine some of the speed control methods. This
could only be accomplished by testing more than one treatment within
a particul ar method.

3. During the studies, certain constraints were realized which prevented
uniform application of some of the treatments at all sites. For
example, police officers were hesitant to perform certain candidate
law enforcement treatments on freeways. A1so, the highway agency
would not permit some treatments to be installed at multilan,e sites.
(These limitations will be discussed fully in the next chapter.)

The final study approach was an incomplete factorial design in which
several different treatments within each speed control approach were tested,
but all treatments were not tested at every site. Table 3 identifies and
descri bes the treatments eva 1uated for each speed control approach. The table
incl udes those treatments tested only on 2-lane highways (i.e., circulating
patrol car, rumble strips and regulatory/advisory signing).

Detailed descriptions of the treatments and how they were implemented are
presented in Appendix G. For reference, descri·ptions of the additional treat
ments tested on lyon 2- 1ane hi ghways are also inc 1uded. It shaul d be noted
that the various treatments were installed in one ~irection of travel only.
In addition, all of the treatments were suppl emented by an advisory or regul a
tory speed sign displaying the desired work zone speed. The signing was

11



TABLE 3. SPEED CONTROL TREATMENTS EVALUATED

Speed Control
Method

Flagging

law

Enforcement

CMS

Effective

lane Width

Reduction

Conventional

Signing

Rumble Stripsa

Treatment

MUTCD Procedure

Innovative Procedure

Stationary Patrol Car-
lights and Radar Off

Stationary Patrol Car-
lights On, Radar Off

Stationary Patrol Car-
lightsOff; Radar On

Circulating Patrol Cara

Pol ice Traffic
Controller

Speed and Informational
Message

Speed Message Only

Cones (12.5 feet)

Cones (11.5 feet)

Regulatory Signing

Advisory Signing

8 Strips-
Decreasing Spacing

Description

FIagger equi pped with red flag ~nrl orange vest, performed
"Alert and Slow" signal detailed in Part VI, MUTCD.

MUTCD "Alert and Slow" signal enhanced by 2 additional move
ments: 1) Flagger motioned traffic to slow with free hand,
then 2) pointed with with free hand to nearby speed sign.

Marked patrol car parked on-side of road parallel to traffic.

Marked patrol car parked on side of road parallel to traffic
with flashing red and blue lights on.

Marked patrol car parked on side of road perpendicular to
traffic with radar on and pointed toward traffic stream.

Marked patrol car continuously driven back and forth through
work zone without lights or radar on.

Uniformed officer standing on side of road next to speed sign
and manually motioning traffic to slow down.

1- or 3-1ine bulb matrix sign displaying work zone information
tlon message plus a speed advisory.

1- or 3-line bulb matrix sign displaying speed advisory.

1) On 2-1ane highways, cones deployed to funnel traffic
through a 12.5' wide travel path. 2) On multilane highways,
cones positioned along the pavement edges leaving a 12.5 foot
travel path between the cones and lane lines.

Same as above except the travel path width decreased to
11.5 feet.

Black-an-white regulatory speed sign with the desired.work
zone speed.

Black-an-orange advisory spped sign wHh the desired work
zone speed.

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

aTested only on 2-lane highways (1)'
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inc1uded at the request of the hi ghway agency for 1i abi 1 i ty protecti on. In
addition to its legal function, the signing served a critical role in sup
porti ng and enhanci ng the intended speed message of the vari ous treatments
(3). The highway agency established the posted (desired) work zone speed at
the sit,es.

Table 4 presents a summary of the treatment studied by site. The 2-lane
highway sites are included in the table.

To perform the studies, a treatment was installed, the necessary data
were call ected and then the treatment was removed. Once the treatmlent was
completely removed and traffic returned to normal, another treatment was
installed and the procedure was repeated. Treatments were installed in one
travel direction only. Allowing time for data collection, each treatment was
in place for 1-2 hours. Generally, 2 or 3 treatments, plus a base condition,
were ,evaluated per day at a site. Thus, the studies took 3-4 days to complete
at each site. Studies were conducted only during dayl ight, off-peak periods
when traffic was free-flowing.

Treatment effects on speeds were determined by eval uating speeds at 3
points within the work zone study sites. The locations of the spot speed
stations at each site are shown on the site 1ayouts. (Figures 10 through 15
in Appendix B) 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 downstream of the treatment
location to determine if the treatments suppressed speeds beyond the point of
treatment.

For each treatment, 125-vehicle speed samples were collected
simultaneously at the 3 spot speed stations. Only vehicles traveling in the
treatment direction were included. Every effort was made to sample unbiasedly
and randomly from the total di rectiona]fJowc Ihenumberof trucks sampled
was proportional to the total trucks in the directional traffic stream. Also,
the number of \J en; c 1es samp 1ed from each 1ane was proport i ona 1 to the 1ane
volume.

Sp,eeds were determined by measuring vehicle travel times through a marked
distance on th,e roadway (i.e., "t rap ll section). A 200-foot IIt rap ll length was
used at all sites except Site 5 where a 176-foot length was used (3). Travel
times were manually measured and recorded using digital, el ectronic
stopwatches. The data coil ectors were positioned off the road 50-100 feet

13



TABLE 4. SUMMARY OF TREATMENTS STUDIED BY SITE

Rural
Urban Rural Urban 2-lane. 2-Way

Arteri al Freeway Freeway Highway

Site 1 Site 2 Site 3 Site 4 Site 5 . Site 6
Treatment

FM 1960 IH-35 Kyle 1-35 Selma 1-10 FM 2818 SH 105

MUTCD Flagging X X X X X X
(lla

Innovati"ve Flagging X X X X X

Innovative Flagging Both Sides X X

Stationary Patrol Car X X Xb X X X
(ll

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 X
(ll

CMS-Speed & Informational X X X
Message (ll

CMS-Speed & Advisory-Alternate X
location

Effective lane Width
Reduction - 11.5' X X X X X X

Effective lane Width
Reduction - 12.5' X X X X X X

No Signing X X X X X

Adv i sory Speed Signing X X

Regu Iatory Speed Signing X X X X X

Rumble Strips X XC

aA11 treatments were implemented on the right unless noted by (ll indicating left
implementation.

bBoth left and right side treatments were studied.

cRumble strips would not adhere to the pavement; thus no data were collected.
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from the travel laneso Every effort was made to conceal the data col lectors
from Vie1l1 wherever possible. The data collection'method allowed individual
vehicle speeds to be collected to within ±2 mph.

In addition to the travel time/speed data, hourly traffic volumes s by
vehicl,e types.were collected during the studies at each site. These volume
data were used to estimate percent trucks and lane distributions and also to
account for any '10 1lime effects on speeds. The fi e1d ere!,>] observed traffi c
operations and flm11, noting any instances of driver confusion, erratic maneu
vers, or accidents. Agency and enforcement personnel were interviewed to
obtain input on treatment practicality, preference and institutional limita
tions.

The travel time data, classified by treatment type, spot speed station
and site, were stored in computer files. Individual travel times we~e then
converted to speeds. Using the MEANS procedure of the Statistical Analysis
System (SAS), mean speed and standard deviation statistics were calculated for
each station, treatment and sitecombtnation. Speed profiles were developed
from the mean speed results.

Treatments were evaluated based on their effectiveness in reducing speeds
at Station 2. Relative comparisons among the speed control treatments were
made by performi ng one-way anal ysi s of vari ance (ANOVA) tests and Duncan l s
Multiple Range tests using the ANOVA procedure of ~ASo

Cumulative Frequency distributions were also generated for selected
tr,eatrnents at each site. The best treatment withi n ea<;:h general approach was
plotted.
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IV. FIELD STUDY RESULTS

General Results

Figure 1 summarizes the performance of all the speed control treatments
tested. The figure shows the reductions in mean speeds (in mph) and percent
age speed reductions attained by each treatment on a site-by-site basis. The
data in the figure are based on dri ver responses at Station 2 to the treat
ments and were generated by comparing mean speeds when a treatment was in
place to mean speeds during the base condition. The posted speed at each site
is also shown in the figure for reference.

Based on the data in Figure 1, analyses of the general influences of
roadway type, site differences and posted speed were performed. The following
sections present the findings.

Roadway Type

The small number of sites within each roadway category made it difficult
to fully assess the influence of roadway type on speed control method and
treatment performance. Figure 1, however, does support some basic trends
rel ated to roadway type observed during the studies. Generally, the speed
control treatments were less effective in reducing speeds at the urban freeway
site and more effective at the 2-lane, 2-way highway and urban arterial sites.
From Figure 1, the best treatment at the urban freeway site (Site 4) only
reduced the mean speed by 6 mph. However, at the 2-lane highway sites (Sites
5 and 6) and urban arterial site (Site 1), the best treatment reduced the mean
speeds by 16 mph, 10 mph and 13 mph respectively.

The data, with respect to roadway type, were not consistent for the rural
freeway sites (Sites 2 and 3). At Site 2, the best treatment reduced mean
speed by 13 mph, but at Site 3, the best treatment reduced the mean speed by
only 7 mph•

. Site Differences

It is very important to emphasize that some of the variation in method
and treatment performance was due to individual site differences. However,
since the work zones were generally complicated and diverse in character, it
is di ffi cu 1t to eva 1uate what effects site di fferences had on the resu 1ts.
Nevertheless, Figure 1 provides some evidence of the apparent site effects.

Sites 5 and 6, for example, were both on 2-lane, 2-way rural highways.
The type of work and traffic control strategy were the same at both sites.
However, as shown in Figure 1, most of the speed control treatments performed
significantly better at Site 5. It can only be speculated which site charac
teristics accounted for this better performance. Site 5 was nearer to an
urban center, and it had more repeat drivers, more turning traffic, more
trucks, and straighter alignment than Site 6.
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Posted Speed

Figure 1 shows the regulatory or advisory speed limit at each study site.
The speed 1imit was displ ayed and used as an "anchor" speed for all treatments
tested at the site. As seen in the figure, the posted speed limit varied from
site to site ranging from 35 to 45 mph. The highway agency selected the speed
limit for each site based on its assessment of site conditions.

In Figure 1, it is seen that none of the treatments tested reduced mean
speeds to the posted speed 1 imit at Site 1 (urban arterial), Site 3 (rural
freeway) or Site 4 (urbari freeway). Apparently the posted speed limit at
these sites was simply too low for drivers to accept under the prevailing site
conditions. At the remaining sites, certain treatments did reduce mean speeds
down to or below the posted speed limit.

Based on the 1 i mited data, it is di ffi cu 1t to determi ne if any of the
posted speed limits affected treatment performance. At Site 6, however, the
relatively high posted limit of 45 mph may have discouraged even better
performance by some of the speed reduction treatments. Stated another way,
the full potential of the speed control treatments may not have been achieved
at Site 6 due to the relatively high posted speed of 45 mph.

Method Perfonmance

Tab 1e 5 summ ar i zesthere1at i veef f ect i ven ess 0 f the 4 speed cont r0 1
methods in reducing work zone speeds. For each speed control method, the
table shows the range and average reduction in mean speeds observed across all
sites due to the method. The data in the table are based on the drivers'
immediate responses to the speed control methods (i.e., at Station 2), and on
the best treatment within each method on a site-by-site basis.

As seen in the table, flagging was the most effective overall method.
The best flagging treatment at each site, reduced speeds from 8 to 30% On the
average, the best flagging treatments reduced speeds about 19%.

Law enforcement was generally very effective also. The best law enforce
ment treatments at each site reduced speeds from 8 to 26% and averaged 18%
across all sites.

CMSs were not tested at the 2-lane, 2-way highway si~es and thus caution
should be exercised in comparing the overall performance of CMSs with the
other methods. At the freeway and urban arterial sites, the best CMS treat
ments reduced speeds from 0 to 9%, and on the average, they reduced speeds 7%.

Effective lane width reduction using cones reduced speeds an average of
7%. The effectiveness of this method varied widely by site from no effect at
one site up to a 16% speed reduction. It shoul d be noted that more
restrictive treatments than those tested would likely result in larger speed
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reducti ons. "More restri cti veil refers to the use of narrower 1anes and/or
more formidable devices than cones (e.g., barrels or .portable barriers).

The effects of the 4 speed control methods on speed sample variance were
analyzed based on standard deviation statistics and cumulative distribution
speed plots. The analyses revealed that none of the methods generally altered
speed variance. HOlrlever, certain individual speed control treatments did
significantly effect speed sample variance at some sites. The effects of
treatment and site on speed variance are discussed in detail in the following
section.

TABLE 5. EFFECTIVENESS OF SPEED CONTROL METHOOSa

Speed Reductionb

Speed Control

Flagging

Law Enforcement

Changeable Message SignsC

Effective Lane Width
Reduction w/Cones

Amount Percent

Range Average Range Average

3-16 11 (8-30) (19)

3-14 9 (8-27) (18)

2- 5 3 (3- 9) (7)

0- 8 3 (0-16) (7)

aBased 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-wayrural highways. The average
speed reduction shown for CMSs may th·erefore be misleading (i.e., too
low) because all the other speed control methods generally performed
better at the 2-lane, 2-way highway sites.

Table 6 summarizes the performance of the various flagging treatments in
terms of the percent mean speed reduction. Performance of the flagging treat
mentsin terms of m,ean speed and standard deviation is shown in Appendix 0,
Table 21. The data in the tables are based on drivers l responses to the
treatments at Station 2. The percent reduction in mean speed was generated by
comparing the mean speed when a treatment was in place to the mean speed
during the base (i.e., signing only) condition.
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Table 6 and Figure 1 show that the innovative flagging treatment resulted
in larger speed reductions than MUTCD (~ flagging at 5 of the 6 study sites.
(A direct comparison between the two flagging treatments could not be made at
one of the rural freeway sites (Site 2) because field·studies were conducted
on different days.} For example, on one of the rural 2-lane, 2-way highways
(Site 5) the innovati ve flagging treatment reduced the mean speed by 16 mph
(30%) while MUTCD flagging reduced the mean speed by 12 mph (23%). It should
be noted, however, that the difference between the innovative and MUTCD flag
ging treatments was small at some of the sites. On the urban freeway (Site
4), for example, innovative flagging reduced speeds by 4 mph (7%), and MUTCD
f1 aggi ng reduced speeds by 3 mph (5%).

Table 21 illustrates that there were statistically significant mean speed
differences between innovative flagging and MUTCD flagging. The differences
were on 1yin the magnitude of about 2-4 mph, and thus they mayor may not be
significant from a traffic safety and operational standpoint. Nevertheless,
the innovative flagging treatment did produce very favorable speed reduction
results and allowed the flagger to direct a specific speed message to drivers.
MUTCD fl aggi ng, on the other hand, di sp 1ays a more genera 1 "a 1ert and s 1ow"
message.

The data in the tables and Figure 1 reveal that the various flagging
treatments produced the greatest speed reductions at the 2-1ane, 2-way highway
and urban arterial sites. They generally resulted in smaller speed reductions
at the freeway sites, particularly the urban freeway site (Site 4). The
results suggest that flagging may not be a solution for all situations where
itis desirable to reduce speeds at work zones.

Table 6 and Figure 1 do not cle~rly indicate if flagging effectiveness
is improved on freeways by using flaggers on both sides of the travel lanes.
At Site 2, innovati ve f1 agging on both sides reduced speeds by 13 mph (22%),
whi 1e MUTCD fl agging on one side reduced speeds by 7 mph (12%). These data
suggest that using 2 f1aggers may be beneficial, however, they do not allow a
di rect compari son between 1 fl agger and 2 f1 aggers usi ng the same fl aggi ng
approach.

Law Enforcement Treatments

Figure 1., Table 7 and Table 22 in Appendix 0 summarize the performance of
the 'larious law enforcement- treatments.- As- seen ill the- figu-re- and t-ab1e-5,- the
police traffic controller treatment was very effective in slowing traffic at
the 3 sites where it was tested. At the urban arterial site '(Site I), the
treatment reduced mean speeds by 13 mph (26%) and at the 2-lane, 2-way highway
sites (Sites 5 and 6), it reduced speeds by 14 and 9 mph (26 and 16%). A
police traffic controller was not evaluated at any of the freeway sites
because the participating police officers were reluctant to stand on the side
of the-road, away from their vehicles, in the freeway environment. The offi
cers cited two reasons for their reluctance. Some were concerned about their
personal safety, while others believed that the speed control effort would be
unsuccessful and thus an unproductive use of their talent and expertise.
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TABLE 6. PERFO~~ANCE OF FLAGGING TREATMENTS IN TE~~SOF

REDUCTION IN MEAN SPEED AT STATION 2

Urban Arterial

Site 1

Reduction in Msan Spe~. Mph

Rural Free',lay Urban fres';!.ay Rural 2-Lalle Highway

Sits 2 Site 3 SUe 4 Site 5 Site 6

--b 7 (13) 4 (7) 16 (30) 10 (18)

13 (22) 5 (8)

7 (12) 4(8) 3 (5) 12 (23) 8 (14)11 (20)

ll"lJ'lo'lat1l1s Fl a,gg1 ng

Inl1o'/at'l va Fl agg; ng-
Both Sides .

MUTeD Flagging

flagging

21l:illmb;ars in 0 indicate parcent.

bflot a,>,aHable.

TABLE 7. PERFO~i~MCE OF LAW ENfORCEMENT TREATMENTS IN TERP1S OF
REDUCTION IN MEAN SPEED AT STATION 2

Reduction in Mean Speed. Mph

llrbail Arteri a1 Rural Fres)Jay Urban Freeway Rural 2-Lane Highway

Treatment
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Police Traffic Controller

Stationary Patrol Car

StationaryPatr,ol Car
with U,ghts on

13 (24)21

12 (22) 5 (8) 3 (6)

4(8)

14 (26)

7 (l4)

9 (16)

7 (13)

Statlona~y Patrol Car
w1tl'l Radar iOn

Circulating Patrol Car

6 (10)

2 (3) 3 (5)

lll:lumbers in 0 illdicate percent.

bHot. avail abie.

Cl'atroa car on left side of travel lanes.

21



A stationary patrol car was tested at all 6 sites. This treatment effec
tively reduced speeds between 4 and 12 mph (6 and 22%). It was most suc
cessful at the urban arterial site (Site 1) and least effective at the urban
freeway site (Site 4). At Site 4, a stationary patrol car was evaluated with
its lights on and then with its radar in operation. Both of these treatments
performed slightly better than a stationary patrol car without lights or
radar. The stationary patrol car reduced mean speeds at Site 4 by 3 mph (6%).
When the patrol carls overhead flashing lights were turned on, the mean speed
reducti on increased to 4 mph (8%). When the offi cer turned on a hand-hel d
radar gun and pointed it at passing motorists, the mean speed reduction
inc reased to 6 mph (10%).

The circulating patrol car treatment was tested only on the 2-lane, 2-way
highway sites (Sites 5 and 6). It proved to be the least effective of all the
law enforcement treatments studied, reducing the mean speed by only 2 mph (3%)
at Site 5 and 3 mph (5%) at Site 6. The circulating patrol car treatment was
not evaluated at the other sites because of its relative poor performance on
the 2-lane highway sites, and because it would likely be even less effective
on divided, multilane roadways with limited access points.

The various law enforcement treatments did not have much effect on speed
sample variance with one notable exception. The stationary patrol car without
lights or radar generally reduced speed sample standard deviation by 1 to 2
mph.

CMS Treatments

The performance of the 2 eMS treatments are summarized in terms of
percentage mean speed reductions, mean speed and standard deviation in Tables
8 and Tab 1e 23 in Append i x D. From the tab 1es and Fi gu re 1, it is appa rent
that, for a given site, both treatments had approximately the same effects on
speeds. Depend i ng on the site, the "Speed-On 1y Message" treatment reduced
mean speeds ranging from 0 to 5 mph (0 to 9%), and the "Speed and Information
Message" reduced speeds ranging from 0 to 5 mph (0 to 8%).

The CMS treatments were least effective in slowing drivers at the urban
freeway site (Site 4). In fact, neither CMS treatment had any effect on
speeds when the CMS was located in the usual treatment location (i.e., near
the advance signing for the work zone). However, when the sign was relocated
closer to the actual work area, the IISpeed and Informatf6rf t-fes-sag-e-tl treatment
reduced Stati on 2 speeds by 2 mph (3%).

Neither of the CMS treatments had a significant effect on speed sampl e
variance (Table 23).

Effective Lane Width Reduction Treatments

Tab 1e 9 and Tab 1e 24 in Append i x Dshow the performance of the 2 effec
ti ve 1ane width reduction treatments by site and roadway type. The data in
the tables and Figure 1 indicate that the 2 treatments, for a given site, had
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TABLE 8. PERFO~~ANCE OFCMS TREATMENTS IN TERMS OF
REDUCTION IN MEAN SPEED AT STATION 2

Reduction in MaanSpeed, Mph

CMS

Treatment

Speed-Only Message

Speed & Information
Messa,ge

Urban Arter'! a1 Rural Free\iay Urban Fresway Rural 2-la1l2 Higl'l~ay

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

3 (5)a 4 (7) 5 (9) o (0) --b

3 (5) 5 (8) 3 (6) 2 (3)c

aNumbers in () indicate percent.

b~lot avail able.

CeMS relocated nearer to the work zones.

TABLE 9. PERFOm~ANCE OF EFFECTIVE LANE WIDTH REDUCTION TREATMENTS IN TE~~S OF
REDUCTION IN MEAN SPEED AT STATION 2 .

Effective Reduction in Mean Speed, Mph

Lane Width
Free~'la'ya Urban Free\iaya 2-lane Higll~aybUrban Arterial a Rural Rural

Reduction

Treatm·ent Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

U.5-foot Width
Using Cones 4 (5)c 5 (8) 2 (4) 0 (0) 8 (16) 4 (7)

12.5-foot Width
Using Cones 2 (5) 2 (3) 2 (3) 0 (0) 7 (13) 4 (7)

aCones placed on edges of pavement only.

bCones placed on edge of pavement and centerline.

cNumbers in () indicate percent.
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approximately the same effect on speeds, with observed speed reductions
ranging from 0 to 8 mph (O to 16%) depending on the site. The 11.5-foot
treatment resulted in sl ightly higher speed reductions at 3 of the 6 sites
compared to the l2.5-foot treatment. However, the differences between treat
ments were not statistically or practically significant.

It is important to note that the highway agency would not allow cones to
be placed on the lane lines at any of the multilane sites (i.e., Sites 1-4) in
the interest of safety. Thus, effective lane narrowing at these sites was
accompl ished by placing cones on the edges of the travel lanes. This may
explain why the treatments generally did not reduce speeds as much at the
mul til ane sites compared to the 2-1 ane, 2-way hi ghway sites. At the 2-1 ane
highway sites, lane narrowing was accomplished by placing cones on the edge of
the travel lane and on the centerline.

Another important finding of the study was that cones proved to be some
what hazardous devices for effectively reducing lane widths below 12 feet. At
the 11.5-foot width, cones were hit frequently, and on one occasion at a rural
2-lane, 2-way site (Site 5), were knocked into the travel lane causing erratic
maneuvers and stoppage of traffic.

The effective lane width reduction treatments had some interesting
effects on speed sample variance. At every site except Site 6, the 11.5-foot
treatment resulted in a larger speed sample standard deviation than the 12.5
foot treatment (Table 24). At Site 6, the 2 treatments resulted in about the
same standard deviation.

The studies also revealed that when a treatment was effective in slowing
traffic at a site, it also produced a higher speed sample variance. For
example, the 11.5-foot treatment produced an 8 mph (16%) reduction in mean
speed at Site 5, but also increased the standard deviation of the speed sample
by 2.4 mph. At Site 4, the 11.5-foot treatment had no effect on the mean
speed, and the standard deviation actually decreased by 0.5 mph (i.e., the
treatment had no significant effect on variance).

Work Area Speeds

Speed data were collected at the study sites downstream of the treatment
location to measure the effects of the various speed control treatments on
traffic entering the work area. The location of the downstream speed station
(Station 3) at each site is shown on the site 1ayout (see Appendix B). Sta
tion 3 was positioned 1/3 to 1/2 mile downstream of the treatment location,
but always just in advance of the work activity.

. The data from Stat ion 3 were combi ned with data from the upstream sta
tions to generate speed profiles for each site. The profiles illustrate the
effects of the speed control treatments upstream of and entering the work
area. As an example, Figure 2 presents speed profiles for selected treatments
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at the urban arteri a1 site (Site 1). Simi 1ar speed profi 1es for the other
sites are shm-'1n in Appendix E (Figures 20-24).

Figure 2 and the other speed profiles shown in Appendix E illustrate two
important findings of the studies. Fir$t, after being exposed to a particular
speed control treatment, drivers continued slowing down or at least maintained
a reduced speed as they approached and entered the work area. In other words,

. drivers did not return to their normal speed immediately after passing by the
treatment.

Secondly, most of the treatments (and especially innovative flagging and
a stationary p,atrol car in Figure 2) reduced work area entry speeds well below
normal or base entry speeds. Thus, the treatments encouraged drivers to slow
down much mar,e than they would have simply in response to sighting the work
acti vity. For exampl e, the mean work area entry speed at Site 1 was 50 mph
under base (i.e., signing-only) conditions. The innovative flagging treatment
reduced the mean entry speed to 39 mph, while the stationary patrol car
treatment reduced the mean entry speed to 41 mph. The 1I.5-foot effective
lane width reduction treatment and "Speed-OnlY Message" eMS treatment reduced
the mean work area entry speeds to 46 and 47 mph, respecti vely.

Statistical Significance

Figures 25 through 30 in Appendix F present bar charts summarizing the
mean speed data from Station 2 at each site. (Mean speeds and standard
deviations at all three stations for all treatments by site are shown in
Tab 1es 25 through 30 in Append i x G.) In add it i on to showi 1'19 the mean sp,eed
for each treatment tested, the figures indicate which treatments produced
statistically diff,erent spe,eds based on the results of Duncan's Multipl,e Range
Tests. As seen in the figures, many of the treatments were statistically
different. Because of the large sample sizes and consistent variances, how
ever, mean speed differences as low as 1 to 2 mph were statistically signifi
cant.

From a practical standpoint, a 1 to 2 mph mean speed difference may not
be significant, since such a small speed difference would likely have no
measurable effects on safety or traffic operations. Mean speeds would
probably have to differ by 4 mph or more to support a contention that one
treatment was trUly better than anoth,er. HoltJever, this tSIDEr.e]y .specu]atjoiJ
by the authors.

Speed IHstriib1.1tiic1ls

Figure 3 presents cumulative distribution plots of Station 2 speed.data
for selected treatments tested at the urban arterial site (Site 1). Included
in the figure is a curnulativ,e distribution plot for the base (i.e., signing~
only) condition. From the figure, it can be seen that certain of the sp,eed
control treatments significantly shifted the speed distribution to the left of
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the base curve. This indicates that these treatments lowered speeds in
general (i.e., both fast and slow drivers responded to the speed control treat
ment). Most notably in Figure 3, the innovative flagging and stationary
patrol car treatments shifted the speed distribution at Site 1.

It is also important to observe in Figure 3 that all of the distribution
curves shown in the figure have approximately the same shape. This is further
evidence that the treatments did not greatly affect speed variance, except in
the few cases discussed in the Treatment Performance section of this chapter.

Similar speed distribution plots for selected treatments at the other
study sites are shown in Figures 31 through 35 in Appendix H.

Safety Perfonmance

Along with the speed measurements, field personnel observed and recorded
erratic maneuvers and other evidence of safety problems. None of the treat
ments resulted in any accidents or recurring safety problems at any site. In
fact, only a few minor incidences were witnessed during the studies:

1. At one of the 2-lane, 2-way highway sites (Site 5), the flagger was
at times too zealous and aggressive in using the innovative flagging
procedure:-As a result, a few drivers (i.e., 3 or 4 in a I-hour
period) over-reacted and slowed excessively. One driver even pu1 led
onto the shoulder thinking that he was supposed to stop. These
problems were avoided at the remaining sites simply by exercising
proper flagging techniques.

2. At the 2-1ane, 2-way highway sites (Sites 5 and 6), effective lane
width reduction was accomp1 ished by placing cones on the pavement
edge and centerline. When the lI.5-foot treatment was implemented at
these sites, cones were hit or blown out of p1 ace on several
occasions. On one occasion, several cones were hit by a truck and
knocked into the travel lane. Rather than running over the displaced
cones, a motorist stopped in a lane and got out of his vehicle to
move the cones. Several other vehicles in turn were forced to stop
and wait for the motorist to move his car. In another incident, a
wide mobile home passed through the narrow lane section and took out
severa1 cones.

3. At the freeway sites, large trucks tended to "straddle" the lane line
within the narrow lane section (i.e., if other traffic was not
present) •
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The implementation of \'JOrk zone speed control involves several steps.
These steps include: determining the need for speed reduction, selecting a
reasonable speed, selecting a treatment based on effectiven,ess, practical ity
and ~ost, and selecting a location for treatment implementation. Each of
these will be discussed in this chapter. Also presented is a summary of
treatment implementation considerations and limitations.

Th,e research did not specifically address the issue of when an ag,ency
should encourage reduced speeds at a particular work zone. However, after
visiting numerous work zones, several important considerations becam,€
appar,ent.

Credi bil ity

Sp,eed contro 1 abuse and mi suse at a work zone can render a speed reduc
ti on attempt i neffecti ve and can damage the credi bi 1ity of work zone speed
reduction ,efforts in general. Abusive practices include using unreasonably
low speed limits and leaving reduced speed limits in place after the work
activity is removed.

Sped fi c 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 decreasi n9 the number and/or severity of work zone acd dents, or the
potential for accidents at sites where speed-related potential hazards exist.

Speed-Related Potential Hazards

Speed-related potential hazards are those which exist, or are made worse,
because traffic is travel ing too fast for conditions. Typical examples of
speed-rela.tea po~entialhazards are dtedbelow: .

I. Insufficient sight distance to the work zone, particularly to a lane
closure.

2. Hidden or unobvious work zone features (e.g., subtle changes in
alignment, edge drop-offs, etc;).
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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 limit 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, 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, displ ay
real-time dynamic information, or enforce compliance to a passive control.
Such techni ques inc 1ude: fl aggi ng, 1aw enforcement, CMSs, effect i vel ane
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. If 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 proj ect. Fi rst of all, it wou 1d be too cost 1y. Second 1y, it wou 1d 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. .

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.
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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. Bas,ed on the study resul ts presented in the previous chapter, reduc
tions in average speeds range from 5 to 20 mph, depending on the type of
fad I ity. Tabl e 10 presents suggested maximum speed reductions for different
types of roadways based on the study resu 1ts and Reference 3.

TABLE 10. SUGGESTED MAXIMUM SPEED REDUCTIONS
BY TYPE OF ROADWAY

Roadway
Type

Rural 2-lane, 2-Way Highway

Rural Freeway

Urban Freeway

Urban Arteri al

Speed Reduction,
~lph

10-15

5-15

5-10

10-20

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 10.

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, shoul der drop-offs, fi xed object hazards, rough pavement su rfaces,
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.
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It is 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 1ocati on withi n the work zone. Thi swill 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, law enforcement and CMS speed control treatments
which are applied at a point.

The effective lane width reduction treatment is unique in that it is
applied over a section. The lane 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 lane section
before the potential hazard so that drivers have time to adjust their speeds
and to focus their attention on the pot~ntially hazardous condition rather
than on the discomfort of driving in narrow lanes.

Location Relative to Other Work Zone Features

The relative location of speed control treatments to other work zone
signing is also important. Ideally, speed control should be initiated after
the first advanced sign and in a s.ection which is relatively free of other
work zone signs. This practice will lessen the possibility of overloading
drivers with too much information. Also, it will 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.

Downstream Effects

The studies reported tn tnts report did not evaluate tne effective lengfli
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.

32



. Regl..ll atory or advi sory s1 gni ng wii 1 not slow dri vers down at work zones
under normal circumstances. Hm'1EVer, 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 r~inforce

the existing speeds and provide a sound basis of speed enforcem~nt. Also,
if used prud,ently, ady; sory speeds will warn andadvi se unfamii i ar driv,ers
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 controller), law
enforcement (a stationary patrol car), CMSs and effective lane width reduc
tion. Thie selection of one or a combination of these m,ethods for use at a
part; cui ar work zon,e should consider a· number of i nterrei ated factors
including:

1. Duration of potential hazard requiring speed control

2. Type of facility

3. Dies i red speed reduct ion

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 11 through 14 summarize the
general advantages ~nd disadvantages of the varidus speed contro~ methods
witn respect to the above factors. SpecHi c cost and impl ementati on con
siderations of the various methods are discussed in the follOWing sections.

Impj 1B".€l7'Jtation 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 t~maJ(}r ~CQst ~o!'ls"ide!"'ationsofeacha~proach.

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 sit,e.
It is important to budget for dead time (i.e., the time spent waiting for work
to g,et started each day). Even more important is the requi remernt that f1 a'g
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 stuaies.
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TABLE 11. GENERAL ADVANTAGES AND DISADVANTAGES OF
FLAGGING AND POLICE TRAFFIC CONTROL

Advantages Disadvantages

1. Large speed reductions possible

2. Agency/Contractor has direct control
over performancea

3. Relatively inexpensive for short
duration applications

4. Little or no disruption to
traffic flow

s. Quick and easy to implement
and remove

6. Suitable for all types of highways and
work zones

1. Requires specially trained and conscientious
personnel

2. Fatigue and boredom necessitate frequent relief

3. High labor costs for long duration applications

4. Effectiveness may decrease with continuous use

S. Two flaggers (one each side) may be needed on
multilane roadways

6. Additional flaggers may be needed for long
sections

7. Drivers may have a problem seeing flaggers or
police traffic contrOllers at night

aThe agency/contractor may not have as much control over a paid police traffic controller as
it would over its own personnel. Also, availability of officers may be restricted by the
police agency or officer interest. Some officers in urban areas are reluctant to attempt to
manually control freeway traffic.

TABLE 12.

Advantages

GENERAL ADVANTAGES AND DISADVANTAGES OF
LAW ENFORCEMENTa

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 lights flashing

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

6. Suitable for all types of highways
and work zones

aStationary patrol car treatments only.
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1. Constrained by availability of police officers
and patrol cars

2. Agency/contractor does not have direct control
over performance

3. High cost for long duration applications

4. Competes with other police functions

S. Long work zones may require-additional patrol
car units

6. Success depends on good cooperation form
enforcement agencies
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TABLE 13. GENERAL ADVANTAGES AND DISADVANTAGES OF Cf'lSs

1. Relatively inExpensive for both short
and long duration applications

2. Agency/contractor has direct control
over performance

3. Little or no disruption to traffic flo:::!

4. Quick and easy to implerr.ent and rem~ve

5. Suitable for all types of high~ays and
wor:': zones

6. Effective at night and in inclement
weather

7. May be used in co~binationwith other
techniques (e.g •• flagger, law en
forcement) for best reslJl ts

D1ssd1fa"tas~!S

1. Only modest speed redl.ictioms pcssible

2. Constrained by availability of signs

3. Effectiveness may decrease with conti~uous use

4. Sign maintenance and repair may require
technical expertise

arf sign cost is extended over sign life (sign lease cost for a single. Short-duration use
IIlajl b-e l'Ii 91'1) •

TABLE 14. GENERAL ADVANTAGES AND DISADVANTAGES OF
EFFECTIVE LANE WIDTH REDUCTION

Advantages Disadvantages

1. Moderate speed reductions possible

2. A'9Ency/Contractor has direct control
over performance

3. Relatively inexpensive for long duration
applications, dependin'9 on devices used

4. Retains effectiveness with continuous
use and long duration use

5. Speed reduction achieved throughout narrow
lane section

1. hpeTlsive to implement and maintain. for short
duration applications, depending on devices
used

2. May disrupt traffic flo\1l (i.e., reduce
capaCity) .

3. May increase certain types of accidents

4. Device maintenance may be expensive

5. May not be as effectiVE on multilane highways

6. Not easy to implement or remove
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Considering all costs, a highway official in Texas estimated that it
costs his agency approximately $20 per flagger-hour (in 1983 dollars) (35).

Law Enforcement

Table 15 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 $tate 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 where the studies were conducted, portable CMSs are not readily
available for lease from traffic control suppliers. One supplier, however,
offered to lease a 3-line, bulb matrix sign for $3,000 per month. This does
not include operating costs such as fuel, oil, and routine servicing.

The Texas SDHPT has acquired most of its CMSs by requiring contractors on
major projects to buy signs for their projects. Once the projects are com
pleted, the signs are turned over to the State for use on future maintenance
and construction projects. 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 lane 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.
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TABLE 15. COST OF HIRING OFF-DUTY LAW OFFICERS
FOR TRAFFIC CONTROL IN 1983 DOLLARS

Agency

City of Austi n

City of Arlington

Brazos County Sheriff's Department

City of Dall as

City of Ft. Worth

Harris County Sheriff's Department

City of Houston

City of San Antonio

Texas Department of Public Safety

; Off-Duty Wag,e Rate

$22.50/hr. a

$20.00/hr.

$10-12/hr.

$15.00/hr.

$15.00/hr.

$15-18/hr.

$15.00/hr.

$15.00/hr. b

$12-15/hr. c

aRate i ncl udes use of patrol car if approved by .city.

bRate 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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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 pl ates are intended for use to suppl ement warning signs. By
"anc horing" 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 1imitations of the treatments were al so identified. These
implementation considerations and limitations are listed and discussed below.

Flagging

1. Fl aggers shoul d be conscientious and dependabl e workers with good
vision, hearing and physical condition.

2. Flaggers should be properly attired in a fluorescent orange vest with
reflective material. They may also wear a hard-hat. The vest will
enhance the conspi cuity of the fl agger and connote to dri vers that
he/she is an official member of the work force with authority to
contro1 traffi c.

3. The fl agger shoul d al so be equipped with a standard red fl ago 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 padd 1es.)

4. Flaggers should be well trained in the proper flagging procedures and
signal s~ 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.

5. In the interest of personal safety, the flagger should not be in the
travel 1anes but rather on the shoul der, if it is wide (8-10 feet),
or just off the pavement.

6. The flagging operation should be "anc hored" to a speed sign. The
research did not address whether a regulatory sign, advisory sign or
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Cf+1S was a better anchor, but di d suggest that any of them woul d be
adequate=

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

8. Fl aggi ngappeared to be most 'effective on two-lane, two-way rural
highways and urban arterials, where a flagger has the least competi
tion for drivers· attention. On freel;>1ays, 'two flaggers may at times
be needed, one on each side of the road, in order to achieve maximum
effectiveness.

9. The studies did not evaluate the effective distance of flagging
operations (i.e., hO!,'1 far speeds remained reduced downstream of a
flagger station). However, it is reasonable to assume that in a long
IfJOrk 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.

10. For nighttime operation, flagger stations should be illuminated.

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

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

La'}1 Enforcement

1. Where it was tested, manual police traffic control was the most
effective law 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.)

2. A stationary patrol car, anchored to a speed sign, was very effective
in sl 01ir1 ng drivers. By turni ng on the patrol car 1i ghts or radar
unit, a stationary patrol car may improve its effectiveness
marginally.

3~ A circulating patrol car was the least effective law e~forcement

strategy evaluated in reducing overall speed.

4. Many officers apparently are reluctant to attempt to reduce speeds at
fr,eeway work zones by manual traffic control hand signals. During
the studies, some officers refused to participate in the manual
control treatment sayi n9 that thei r servi ces were better util i zed
performing other traffic control functions. Some officers believed
that they would not be effective, and some cited a concern over their
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CMSs

personal safety. Officers were particularly hesitant to attempt
manual traffic control at the urban freeway site.

5. To increase effectiveness during nighttime operation, a stationary
patrol car probably would need to have its 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 lights
would be too distracting and result in a safety hazard.

6. 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 unit could be used occasionally for this function if
desired to possibly further enhance the effectiveness of the sta
tionary patrol car approach.

7. 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,
the effectiveness may subside. Therefore, for long-term applica
tions, it may be necessary to occasionally issue citations to
violators.

8. It 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.

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

1. 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 ·(1).

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

3. CMSs are appropriate for day and night use.

4. CMSs retain most of their usefulness during inclement weather.
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5. Cr.1Ss are versatile•. The speed message may he 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 •

.6. The. appropriate type and size ···of CMSsshould be used for the condi
tioTis. Reference 34 presents CfilS selection and operation COl"l-
sid,eratfons. -

7. CMSs must be properly serviced and repaired. Acquiring nec,essary
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.

8. CMSs, operated conti nuously for 1ongperi ods with the same mes
sages, may lose thei reffecti veness. .

9. A survey of traffi c control subcontractors conducted as part of thi s
study, revealed that CMSs are currently not readily availabl,e for
lease 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.

Effective lane Width Reduction

1. Slight effective lane width reductions (e.g., 11.5 and 12.5-foot
width~) will reduce speeds modestly. Although not tested, it is
assumed that even narrm~Jer 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.

2. 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).

3. There are many devices and strategies available for imp}ementing
effective reduced lane widths (e.g., cones, drums, striping, bar
ri ers, barri cades, etc.). The cost, rna; ntainabil ity, effectiveness
and safety of the various approaches 'probably varies widely. Only
cones were eval1.1ated in the studies.- .

4. 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.

5. Effective lane 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.
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6. 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 lanes without restriping the roadway.

7. 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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APPENDIX A - PROVING GROUND STUDIES

Study Description

The proving ground studies tested a total of 9 speed control treatments
(e.g., 3 treatments for each of 3 approaches). The various treatments are
illustrated in Figures 4 through 6.

The studies were conducted on a 2-lane track at the Texas A&M University
Research and Extension Center. The 2-mile long test track consisted of three
simul ated work zones spaced some distance apart. Each simu,l ated zone was
identified by a ROAD WORK AHEAD sign and contained one of the speed control
treatments under investigation.

The studies were conducted in three phases. In each phase, the three
treatments of a particular speed control strategy were evaluated. During the
first phase, for example, effective lane width reduction using striping, cones
and then barrels was studied. To minimize the effects of the driver learning
process and si te vari at ions, the vari ous treatments were rotated from work
zone to work zone.

The studies were administered to drivers on an individual basis. Faculty
and staff from Texas A&M University were used as volunteer subjects. The
study sample was better educated, on the average, than, the driver population
in the country. Seventeen drivers were sampled in evaluating the transverse
striping strategy, 18 drivers were sampled for the lane width reduction stra
tegy, and 18 drivers were sampled for the rumble strip strategy.

Subjects were read the following instructions before entering the test
track:

You are bei ng asked to dri ve through three silRU 1ated work zones.
You will approach these zones at 50 mph. As you drive through each
of the zones, please remember the way it was set up, particularly
any part of the course that might have required that you change
speed or directions. You will take a short break between zones so
try to rE!llellber what you can. You·ll be asked to fi 11 out a short
question form after you·ve driven through all three simulated
zones.

Any questions?
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Figure 5. Transverse Striping Treatments
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Spot speed data collected by radar were used as the primary data source.
Test vehicle speeds were measured at 5 check points:

1. 500 feet in advance of the speed control treatment (at ROAD WORK
AHEAD sign).

2. At the beginning of the speed control treatment.
3. 400 feet into the speed control treatment.
4. At the end of the speed control treatment.
5. 500 feet beyond the speed control treatment.

Study Results

The results of the studies are shown in Figures 7 through 9. As seen in
the figures, none of the 9 treatments had much effect on mean driver speeds.
In fact, Repeated Measures ANOVA tests performed on the data indicated that no
treatment had a statistically significant effect on mean speed. The subject
drivers, on the average, maintained the instructed speed of 50 mph. For the
lane width reduction strategy using barrels, average driver speed dropped to
45.5 mph at the final speed check point 500 feet beyond the barrels (see
Figure 7). Whether or not this speed drop was caused by the speed control
treatment is questionable since drivers maintained a mean speed of 50 mph
while traveling through the barrel section.

Table 16 shows the standard deviations in the speeds for each treatment.
It is apparent that the transverse striping treatments resulted in relatively
low speed variations among individual drivers compared to the effective lane
width reduction and rumble strip strategies. Standard deviations in speeds
for the vari ous trans verse stri pi ng treatments ranged from 4.41 to 6.02 mph.
The lane width reduction strategy using barrels yielded the largest speed
de vi at ion s 0 f all 0 f the t rea t men t s. At the mid poi nt 0 f the bar r.e 1 sec t ion
(Station 3), the standard deviation of the subjects' speeds was 12.70 mph.

Preference Survey

Following the proving ground studies, the participating drivers were
admi ni stered a questi onnai re survey to determi ne thei r preferences for the
various treatments within the speed control method to which they had been
exposed. Driver responses to the preference survey are summarized in Tables
17 through 19. These tabl es show the percentages of dri vers who indicated
that a particul ar treatment: 1) produced the greatest speed reduction, 2)
produced the least speed reduction and 3) resulted in the greatest hazard.

Table 17 shows driver response to the 3 effective lane wi~th reduction
treatments (striping, cones and barrels). From the table, 88% of the drivers
thought that the barrel treatment produced the greatest speed reduction, and
94% thought that the striping treatment produced the least speed reduction.
Even though most drivers believed that the barrel treatment was effective in
slowing drivers, they did not necessarily support the use of the barrel
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TABLE 16. EFFECT OF WORK ZONE SPEED CONTROL
TREATMENTS ON STANDARD DEVIATION

Standard Deviation, MPH
Treatment

Station 1 Station 2 Station 3 Station 4 StationS

~

Striping 7.78 10.08 9.50 7.25 4.85c
(1)0
c·..,.,...,
..JU Cones 5.95 7.69 8.08 6.02 5.48~
(1)"'0
>(1)
... 0::...,
u.s=
(I)""

1+-"'0 Barrels 8.22 11.52 12.70 11.45 10.15I+- ...
""'3

~ Full Width 5.26 4.58 4.41 4.87 5.96~

(I)
III Shoulder Only 5.14 4.64 4.48 4.81 5.66~c:n
(l)C
> ...
1110-
c'"
,.,~ Herringbone 3.49 4.71 6.02 5.96 5.68~...,

"'-V1

Individual Strips 7.22 8.14 9.09 10.2 9.19

~

Cl us ter-Equa1 4.17 6.77 7.67 8.11 6.77
(1)111

Sp~cing... 0-
.0 ...

§.t;
a::CI'l Cl us ters-Unequa1 9.24 9.07 8.88 9.18 8.10

Spacing

* N=18
** N=17
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TABLE 17. DRIVER RESPONSE TO EFFECTIVE LANE WIDTH
REDUCTION TREATMENTS

TABLE 18. DRIVER RESPONSE TO TRANSVERSE
STRIPING TREATMENT

Percent of Subjects (N=17)

Fun Width

Shoulder Only

Herringbone

Totais

Produced Greatest
Speed Reduction

35

o
65

100

Produced Least
Speed Reduction

6

88

6

100

55

Resulted in
Greatest Hazard

18

41

41

100



TABLE 19. DRIVER RESPONSE TO RUMBLE STRIP TREATMENTS

Percent of Subjects (N=l7)
Treatment

Produced Greatest Produced Least Resulted in
Speed Reduction Speed Reduction Greatest Hazard

Individual Strips 24 76 29

Clusters-Equal
Spacing 47 0 41

Clusters-Unequal
Spacing 29 24 29

Totals 100 100 100

treatment. In fact, 94% of the drivers said the barrel treatment resulted in
the greatest hazard.

Driver responses to the transverse striping treatments are shown in Table
18. From the table, 65% of the drivers thought that the IIherringbonell pattern
was most effective in reducing speeds, while the remaining 35% thought that
the "full wi dth" pattern was most effecti vee Most dri vers (88%) bel ieved that
the "shoulder only" treatment was least effective in reducing speeds. Equal
percentages of drivers (41% in each case) said that the "shoulder only" and
IIherringbone" patterns resulted in the greatest hazard.

Table 19 summarizes driver responses to the rumble strip treatments.
From t.he table, about one-half (47%) of the drivers said that the "clusters
equal spacing" treatment produced the greatest speed reduction. Approximately
three-fourt~s (76%), on the other hand, said that the "individual strips"
treatment produced the least speed reduction. Drivers were split in their
hazard ratings of the three treatments.

Su..ary

Tbe proving ground studies and fol lOw-up preference surveys did not
clearly indicate that any of the speed control treatments would be effective.
The results did reveal that certain of the treatments were subjectively
considered more effective by the subject drivers; however, the most effective
treatments were also the most hazardous in the opinion of the drivers.
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The proving ground study results also suggested the following
cOTls1der,atiol"ls:

1. Rumble strips should span the entire width of the travel lanes (and
possibly ~ven the shoulder) to be effective.

2. The barrel configuration tested was very confining at the recommended
study spe,ed of 50 mph. Less confining configurations should be used.

3. Th,e effective lane width reduction using striping was totally
ineffective. The markings were not visible from an adequate distance
and they did not create a feeling of confinement. (With narrow
1anes, it is adjacent traffic which causes the feel 11'19 of confine
ment. )
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APPENDIX B - SITE LAYOUTS
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APPENDIX C - DESCRIPTIon Of SPEED CONTROl TREATMENTS

Flagging Treatments

Three f1 agging treatments were eva1 uated during the studies. For all
treatments, the f1agger wore an orange vest and used a red flag. The f1agger
was positioned beside a regulatory or advisory speed sign facing traffic.

MUTCD Flagging

The f1agger performed the lIa1ert and slowll signal detailed in Section 6F
4, Part VI, of the MUTCD. The flagger slowly waved the flag in a sweeping
motion with an extended arm from shoulder level to straight down without
raising the flag above a horizontal position. The flagging maneuver was
performed continually whenever traffic was present.

Innovative Flagging

The innovative flagging treatment was a modified version of the MUTCD
treatment. First, the MUTCD flagging motion was performed to get the atten
tion of approaching motorists. Then the flagger established eye contact with
the motori st.

Having established eye contact, the f1agger motioned for drivers to slow
by raising and lowering his/her free hand, palm down, several times. The
flagger then pointed to the adjacent speed sign to indicate the appropriate
speed.

Thus, the innovative procedure consisted of 4 steps, repeated
continuously whenever traffic was present:

1. Wave flag to gain driver's attention.
2. Develop eye contact with approaching motorist.
3. Motion with free hand for traffic to slow down.
4. Point with free hand to speed sign.

Under light traffic volumes, the flagger could direct the innovative
flagging signal to each motorist. When traffic volumes were heavy, the signal
was presented to lead drivers in a platoon and to as many additional drivers
as was physically possible.

Innovative Flagging on Both Sides

At some of the freeway sites, the innovative flagging procedure was
tested using flaggers on both sides of the travel lanes. The 2 flaggers
simultaneously performed the innovative flagging technique described
previously.
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Fi v's 1alit enforcement treatments were tested. No citations were issued
",ghil ,e any of the treatments were in effects

Stationary Patrol Car - Lights and Radar Off

A uniformed officer sat in a marked patrol car parked on the roadside
parallel to traffice The patrol car was equipped with roof-mounted emergency
lights and radar equipment s but these were not operatedo

Stationary Patrol Car - lights On

Tn; s treatment \'Ja5 identi ca 1 to the previous treatment ll with tnee}wep
tion that the patrol car's red and bll.le ll roof-mounted, f1 ashing 1ights were
operated conti nuaus 1y.

Stationary Patrol Car -Radar On

A uniformed officer in a marked patrol car pointed an operative radar gun
at vehicl es as they approachede The patrol car was parked on th,e Sh'Olll der
perpendicular to traffic such that the officer and radar gun were visible to
approaching drivers.

Circulating Patrol Car

A uniformed officer drove a marked patrol car back and forth through the
work zone area continuously. The patrol car's emergency 1ights and rad,ar were
not operated.

Police Traffic Controller

A uniform,ed officers positioned on the shoulder beside a speed sign,
motioned approaching drivers to slo~" dOliJn by raising and lowering his hand
with the palm downe After attracting a driver's attention, the officer
poi nted to the speed s1 gn to i ndi cate the appropri ate speed.. - Thi s procedure
was performed continuously whenever traffic was present.

A patro 1 car was parked bes; de the offi cef at 51 tes 3 and 6. At S1 te 5,
the patrol car was not visible to oncoming traffic.

Two CfilS treatments were eval uated at ·Sites 1-4. "The treatments differed
in the type of message presented· (i.e., speed and information message or speed
only message). The CMS speed advisory matched the posted sp,eed 1imit. Th,e
specific messa,ges displayed at each site are detailed in Table 20.. The tabl,e
also shows the type of eMS used at each site. .
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TABLE 20. eMS MESSAGES

Messagea

DETOUR 1 AHEAD 1 35 MPH

LEFT LANE
CLOSED
AHEAD

ROAD
WORK
AHEAD

SLOW
1 45

MPH

1 45
MPH

3

DETOUR 1 AHEAD 1 40 MPH

SLOWb
45 MPH

Trailer-mounted, 3~line,

bulb-matrix

4 Truck-mounted, I-line
bulb-matrix

aSlash (I) indicates phase change.

bF-iashing off and on.

66



Two effective lane width reduction treatments were tested. The dif
ference bebJeen the bID treatments was the resulting travel lan,e width (i.e.,
12.5 feet or U.S feet).

Cones were used as the lane narrowing device for both treatments due to
their availability and ease of transport, implementation and removal. Cones
also presented a low level of hazard relative to other more formidable
channelizing devices.

At the freelliay and urban arteri a 1 si tes (Sites 1-4), the cones were
placed on both edgelines but not on the lane lines. Figure 16 illustrates the
general treatment layout at these sites.

At th,e 2-1ane, 2-way higtn1Jay sites (Sites 5 and 6), cones were placed on
the edge of the travel 1ane and on the centerl ine. Figure 17 displ ays the
treatment layout for 2-1ane, 2-way highways.

12.5-foot Lane Width

At the multilane sites (Sites 1-4), the. cones were positioned as illus
trat,ed in Figure 18a. They were positioned just outside the edgel ines so that
the di stance between the base of the cone and the nearest 1ane 1 i ne was 12.5
feet.

At the 2-1ane, 2-way highway sites (Sites 5 and 6), the cones were
positioned so as to provide a 12.5 foot I,Ilidth between the bases of the cones
(Figure l8b).

lie5-foot lane Width

Figure 19 illustrates the application of the 1l.5-footeffective lane
'width reduction treatment at the free~lay and urban arterial sites (Sites 1-4)
and 2-1 ane, 2-way hi ghway sites (Sites 5 and 6).
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Figure 20. Speed Profiles of Selected Speed Control
Treatments at Site 2 (Rural Freeway)
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Figure 21. Speed Profiles of Selected Speed Control
Treatments at Site 3 (Rural Freeway)
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TABLE 25. SU~~ARY OF MEAN SPEEDS AND STANDARD
DEVIATIONS ~= SITE 1 (URBAN ARTERIAL)

Mean SpeEd~ MPH (Standard Deviation, MPH)
Speed Control Treatment

Station 1 Station 2 Station 3

Basee:35 MPH Regulatory
Signing 54~7 (6.7) 54.,8 (6.,4) 50~2 (6al)

No Speed Signing 54.7 (6.3) 5502 (5al) 49..4 (506)

,

Effective Lane ~Ji dth
Reduction 11.5 1 5506 (6.7) 52.,3 (Sal) 47.2 (5 .. 7)

I
I Effective Lane ~Iidth

Reduction 12.5 1 55.5 (5a8) 5102 (6el) 47.4 (5,.8)
I

0;j5=35 MPH Speed ~~essage 55.5 (70 1) 51.5 (7.2) 46a3 (6.2)
,

CMS=Advisory and 35 MPH
I Speed Message 52.9 (5.2) 52.2 (606) 4603 (6.2)

Police Traffi~ Controller 55.,2 (6.1) 4107 (7.3) 40.,6 (-5~O)

Stationary Patrol Car 53.5 (5.9) 43.0 (6.2) 41.0 (4.9)
,

Innovative Fiagging=Right
Sid,e 53.5 (5.8) 41.6 (7.1) 39.8 (504)

MUTeD Flagging~Right Side 52.8 (~"O) 4~o6 (J .3) 42.1 (509)
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TABLE 26. SUMMARY OF MEAN SPEEDS AND STANDARD
DEVIATIONS -- SITE 2 (RURAL FREEWAY)

Mean Speed, MPH (Standard Deviation, MPH)
Speed Control Treatment

Station 1 Station 2 Station 3

Base-45 MPH Advisory
Signing* 60.7 (5.3) 58.4 (5.0) 50.5 (6.5)

Stationary Patrol Car-Left
Side* 60.5 (5.9) 49.9 (5.2) 48.2 (6.0)

Innovative Flagging-Both
Sides* 61.5 (4.9) 45.3 (5.4) 41.2 (5.9)

CMS-45 MPH Speed Message* 62.2 (5.3) 54.1 (5.8) 46.2 (7.9)

CMS-Advisory and 45 MPH
Speed Messages* 58.8 (4.7) 53.8 (4.7) 48.6 (6.1)

Base 45 MPH Advisory
Signing 59.0 (4.1) 56.8 (6.5) 52.8 (6.3)

,

Effective Lane Width
Reduct ion 11.5 1 59.9 (4.7) 52.5 (5.9) 52.8 (4.8)

Effective Lane Width
Reduction 12.5 1 59.2 (4.5) 55.2 (5.6) 52.9 (6.3)

MUTCD Flagging-Left Side 60.5 (4.8) 49.8 (6.1) 50.2 (5.2)

*Treatments conducted on (4-28-83).
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TABLE 27. sUt>~~~RV OF MEAN SPEEDS AND STANDARD
DEVIATIONS -- SITE 3 (RURAL FREEWAY)

Mean Speed, MPH (Standard Deviation, MPH)
Speed Control Treatment

Station 1 Station 2 Station 3

Base=45 MPH Regulatory
5i gni ng 56.5 (4.0) 56.1 (5.5) 55.7 (4.8)

No Speed Signing 55.2 (3.8) 56.1 (5.1) 55.1 (4.0)

Effective Lane Width
Reduction 11.5 1 55.3 (3.8) 54.0 (6.1) 53.9 (4.9)

Effective lane Width
Reduction 12.5 1 56.2 (4.7) 54.2 (4.5) 54.2 (4.8)

CMS-45 MPH S!}eed ~lessage 56.1 (4.3) 51.1 (6.3) 52.1 (5.3)

CMS-Advisory and 45 MPH
Speed ~lessages 56.3 (4.5) 52.8 (6.1) 52.7 (5.6)

Stationary Patrol Car-left
Side 55.7 (4.0) 51.7 (4.2) 52.5 (4.8)

Stationary Patrol Car-Right
Sid,e 56.5 (4.4) 51.6 (4.6) 53.0 (5.2)

Innovati v,e Flagging-Right
Side 55.9 (4.0) 49.0 (5.5) 49.3 (4.9)

IMUTeD Flagging-Right Side I 55.8 (4.4) I 51.7 (5.8)1 51.7 (4.5) I
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TABLE 28. SUMMARY OF MEAN SPEEDS AND STANDARD
DEVIATIONS -- SITE 4 (URBAN FREEWAY)

Mean Speed, MPH (Standard Deviation, MPH)
Speed Control Treatment

Station 1 Station 2 Station 3

First Base-40 MPH
Regulatory Signing 59.3 (6.1) 57.4 (5.6) 56.0 (5.5)

No Speed Signing 59.0 (6.4) 58.7 (5.6) 57.3 (6.9)

Effective Lane Width
Reduct ion 11. 51 58.5 (6.1) 58.1 (4.9) 56.0 (5.9)

Effective Lane Width
Reduction 12.5' 60.1 (7.5) 57.5 (4.7) 54.8 (5.5)

.
Stationary Patrol Car With

Lights On 62.9 (7.5) 53.0 (5.4) 53.3 (5.7)

Stationary Patrol Car With
Radar On 60.2 (6.7) 51.5 (5.5) 51.5 (5.4)

Stationary Patrol Car 60.5 (6.9) 54.0 (4.5) 53.6 (5.8)

Innovative Flagging-Right
Side 58.8 (6.4) 53.3 (6.0) 53.2 (5.9)

Innovative Flagging-Both
Sides 61.3 (8.0) 52.8 (6.3) 49.0 (6.0)

MUTCD Flagging 58.8 (6.7) 54.5 (5.3) 54.2 (5.5)
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TABLE'280 (Cant i nusd)

Mean Speed, MPH (Standard Deviation, MPH)
Sp,eed Control Treatment

,'-",

Station 1 Station 2 Station 3

SeciQ7ild Base-40 MPH
Regulatory Si.91'11 ng 62.1 (6.6) 5907 (5.5) 57.2 (6.0)

CMS-40 MPH Speed Message 62.4 (601) 59.4 (6.1 ) 56.8 (6.4)

CtrlS-Adv;sory and 40 MPH
Speed Messages 60.9 (6.4) 5903 (5.9) 5607 (5.9)

I eMS-Advisory and 40 MPH
Speed Messages (Down-
stre,am Location) 61.2 (6 06) 57.7 (6.0) 56.4 (6.0)
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TABLE 29. SUMMARY OF MEAN SPEEDS AND STANDARD
DEVIATIONS -- SITE 5 (RURAL 2-LANE, 2-WAY)

Mean Speed, MPH (Standard Deviation, MPH)
Speed Control Treatment

Stationa 1 Station 2 Station 3

Base-40 MPH Advisory Sign 51.9 (5.6) 52.5 (6.4) 5Q.8 (6.9)

30 MPH Advisory Sign 51.8 (5.8) 51.9 (6.8) 50.4 (7.3)

45 MPH Advisory Sign S2.4 (6.1) 51.4 (5.9) 50.0 (S.9)

40 MPH Regulatory Sign S1.4 (5.3) 53.5 (6.2) 50.3 (6.3)

No Speed Signing S1.4 (S.1) S2.3 (S.8) 50.9 (6.7)

Effective Lane Width
Reduction 11.5 1 51.4 (S.5) 44.1 (8.8) 4S.2 (8.4)

Effective Lane Width
Reduction 51.5 (6.6) 45.6 (6.6) 45.7 (7.8)

Police Traffic Controller 51.9 (5.6) 38.6 (S.7) 41.2 (4.S)

Circulating Patrol Car SO.8 (5.S) SO.7 (6.2) 48.9 (6.7)

Stationary Patrol Car 51.6 (5.1) 45.4 (S.2) 44.3 (S.O)

Innovative Flagging 50.1 (6.4) 36.6 (7.0) 37.9 (5.6)

MUTCD Flagging 52.7 (5.8) 40.6 (6.6) 43.7 (6.0)

Rumble Strips 51.4 (S.1) SO.4 (6.2) 49.3 (6.6)

a Station Locations.
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TABLE 30. SUM?J1ARY OF MEA~1 SPEEDS AND STA~Jl)ARl)

DEVIATIO~JS ~- SITE-6 (RURAL 2-lMJE, 2-~AY)

Msan Speed, MPH (Standard Deviation, "11'1; )
Sp,eed Control Treatment

Station 1 Statioi'! 2 Statloi1 3

45 MPH Regulatory Sign 54.6 (5.0) 55.4 (5.6) 48.7 (6,,9)

No Speed Signing 55.6 (6.3) 56.5 (6.4) 51.4 (6 .. 5)

Effective lane Width
I

Reduction 11.5 1 56.5 (6.1) 51.5 (6.8) 48.2 (7 eO)

Effective lane Width
Reduction 12.5' 54.7 (6.3) 51.6 (6.9) 47.9 (7.3)

Police Traffic Controller 55.1 (6.0) 46.5 (5.6) 42 .. 2 (6 .• 4)-

Ci rcul ating Patrol Car 55.7 (5.6) 52.6 (5.6) 45.5 (6.7)

Stationary Patrol Car 55.9 (5.5) 48.2 (4.6) 42.6 (50S)

Innovati-v,e Flagging 57.2 (6.0) 45.7 (8.9) 41..0 (6.2)

MUTeD FI aggi ng 56.6 (6.5) 47.7 (7.7) 42.3 (7.0)
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY RESEARCH,
DEVELOPMENT, AND TECHNOLOGY

The Offices of Research, Development, and
Technology (RD&T) of the Federal Highway
Administration (FHWA) are responsible for a broad
research, development, and technology transfer pro
gram. This program is accomplished using numerous
methods of funding and management. The efforts
include work done in-house by RD&T staff, con
tracts using administrative funds, and a Federal-aid
program conducted by or through State highway or
transportation agencies, wIllch include the Highway
Planning and Research (HP&R) program, the Na
tional Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board, and the one-half of one percent training pro
gram conducted by the National Highway Institute.

The FCP is a carefully selected group of projects,
separated into broad categories, formulated to use
research, development, and technology transfer
resources to obtain solutions to urgent national
highway problems. .

The diagonal double stripe on the cover of this report
represents a highway. It is color-coded to identify
the FCP category to which the report's subject per
tains. A red stripe indicates category 1, dark blue
for category 2, light blue for category 3, brown for
category 4, gray for category 5, and green for
category 9.

. FCP Category Descriptions

1. Highway Design and Opemtion for Safety
. Safety RD&T addresses problems associated
with the responsibilities of the FHWA under the
Highway Safety Act. It includes investigation of
appropriate design standards, roadside hard
ware, traffic control devices, and collection or
analysis of physical and scientific data for the
formulation of improved safety regulations to
better protect all motorists, bicycles, and
pedestrians.

2. TrnffIc Control and Management
Traffic RD&T is concerned with increasing the
operational efficiency of existing highways by
advancing technology and balancing the
dernand-capacity relationship through traffic
management techniques such as bus and carpo<Jl
preferential treatment, coordinated signal tim
ing, motorist information, and rerouting of
traffic.

3. Highwsy Operations
This cat,egory addresses preserving the Nation's
highways, natural resources, and community
attributes. It includes activities in physical

maintenance, traffic services for maintenance
zoning, management of human resources and
equipment, and identification of highway
elements that affect the quality of the human en
vironment. The goals of projects within this
category are to maximize operational efficiency
and safety to the traveling public while conserv
ing resources- and reducing adverse highway and
traffic impacts through protections and enhance
ment of environmental features.

4. Psvement Design, Construction, snd
Mansg,ement
Pavement RD&T is concerned with pavement
design and rehabilititation methods and pro
cedures, construction technology, recycled
highway materials, improved pavement binders,
and improved pavement management. The goals
will emphasize improvements to highway
performance over the network's life cycle, thus
extending maintenance-free operation and max
imizing benefits. Specific areas of effort will in
clude material characterizations, pavement
damage predictions, methods to minimize local
pavement defects, quality control specifications,
long-term pavement monitoring, and life cycle
cost analyses.

5. StmctuTs! Desigrn snd Hydraulics

Structural RD&T is concerned with furthering the
latest technological advances in structural and
hydraulic designs, fabrication processes, and con
struction techniques to provide safe, efficient
highway structures at reasonable costs. This
category deals with bridge superstructures, earth
structures, foundations, culverts, river
mechanics, and hydraulics. In addition, it in
cludes material aspects of structures (metal and
concrete) along -with their protection from cor
rosive or degrading environments.

9. RD&T Mansgement snd Coordinstion

Activities in this category include fundamental
work for new concepts and system character
ization before the investigation reaches a point
where it is incorporated within other categories
of the FCP. Concepts on the feasibility of new
technology for highway safety are included in this
category. RD&T reports not within other FCP
projects will be published as Category 9 projects.




