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CHAPTER 1
INTRODUCTION

In recent times, as vehicle traffic has increased, the challenge to improve safety conditions at
highway work zones has magnified. With the increasing emphasis on highway reconstruction and less
emphasis on new construction, safe traffic control through these projects has taken on new importance.

For years, flaggers have successfully controlled traffic during lane closures on two-way, two-
lane highways. However, an increase in work zone accidents involving construction workers has
become a source of major concern for state transportation departments nationwide. On Washington
state highways, the total number of yearly work zone accidents has increased from 455 in 1980 to 1279
in 1985. Table 1.1 shows the current trend in work zone accidents.

Flaggers are provided at highway work sites "ta stop traffic intermittently as necessitated by
work progress or to maintain continuous traffic past a work site at reduced speeds to help protect the

work crew" (2). More specifically, flaggers are used to perform the following duties (3):

1. to control alternating, one-way traffic through one-lane work zones on two-lane, two-
way highways,

2. to stop traffic intermittently at a work zone to allow vehicles to enter or exit the
roadway,

3. to improve driver awareness of warning signs,

4, to give the motorists special instructions for driving through the work area, and

5. to improve driver compliance with posted speed limits through the work zone.

The aim of this study is to develop a procedure for studying the relative effectiveness of trafhic
control devices that could be used in lieu of procedures recommended by the Manual on Uniform
Traffic Control Devices for Streets and Highways (MUTCD) (2).

One original purpose of this study was to conduct field evaluations of three flagging techniques
(MUTCD flagging, traffic signals and stop signs) at idcntical two-lane, two-way highway construction

sites. However, this plan was abandoned because of difficulties encountered in soliciting projects cn



which to conduct the tests. As a result, the scope of the research was changed to provide a prototype
data collection endeavor that could be used lo define a demonstration project in the future.
In addition, this study involved a state-of-the-art review of literature on work-zone flagging, a

review of flagger accidents, survey of flaggers and an analysis of the Limited data collected.

TABLE 1.1
WORK ZONE ACCIDENTS ON .
WASHINGTON STATE HIGHWAYS, 1980 - 1986

PROPERTY
YEAR FATAL ' INJURY DAMAGE TOTAL
1980 9 181 264 455
1981 4 202 285 487
1982 1 285 424 709
1983 7 336 464 807
1984 9 369 516 894
1985 8 533 738 1,279
1986 4 483 768 1,255

"Availablc accident data were obtained from the Headquarters Construction Office of
Washington State Department of Transportation.

2



CHAPTER

REVIEW OF PREVI(QUS WORK

P.G. Michalopoulous, G. VanWormer, H. Preston, and R. Plum {4) studied traffic control

alternatives for one-lane bridges using field data and simulated data. Specifically, they field tested

fixed-time traffic signal controls and stop sign contro

that alternated traffic on one-lane bridges

during construction. Their results indicated that the stop sign control resulted in a higher violation rate

but a smaller average queue size and a lower average delay than the traffic signal control.

C.M. Abrams and J.J. Wang () studied procetlures for planning and scheduling work zone

traffic control.

They identified evaluation mecasures

r comparing alternative methods of traffic

control, as well as techniques for quantifying these meaercs, listed below as follows:

In their study, R.S. Hostetter, KW. Crowley, (
analyzed the kinds of information that drivers need to
efficiently and how this information can best be convf

information needed by motorists were identified:

accidents,
vehicle delay,
- delays due to distance or speed
- delay due to temporary stoppad
vehicle stops,

fuel consumption,
traffic control costs, and

air pollution.

general construction approach warning%,

changes

e

5. W. Dauber, L.E. Pollack, and S. Levine (6)

ravel through highway work zones safely and

tyed to the driver. The following classes of

feature warnings (identify the type of work zone to be encountered, e.g. lane closure),

mancuver warnings (identify what the driver must do to negotiate features that

demand lane changes, turns, or stops),

feature locations (identify the beginniné

of the feature),




prohibitory/restrictive warjings (identify downstream restrictions,)

speed advisories, and

route guidance.

During the course of their study, R.S. Hostetter, et al., reviewed 250 work zones of various

types and identified the following categories

S.H. Richards and C.L. Dudek ({

Among other things, the authors considered

misleading information,

of information problems:

improper or non-standard information (message, positioning, condition, use, color),

non-specific information, and

contradictory information.

) evaluated traffic control plans at reconstruction sites.

the role of flaggers in freeway work zones. They identified

the following traffic control functions that can be performed by flaggers in the freeway work zone:

The report identified ramps, fronta

control traffic at frontage r

close entrance and exit ram

bad intersections and along detour routes,

s,

direct traffic through complicated work zones onto shoulders or at ramps within the

work zone,

prevent illegal freeway accgss,

alert traffic to special signing (and enhance motorist response to the signing), and

control speed.

pe roads, detours and route intersections as the best arcas

for utilizing flaggers. It further concluded that flaggers should be used on the main freeway lanes only

in special situations (e.g., for speed control).
D.S. Gendell (Director, Office of
traffic control, February 1985, reported on

and maintenance work zoncs undertaken

Highway Operations, FHWA) in a speech on work zone
g nationwide review of traffic safety through construction

by the Federal Highway Administration. The use of

improper flagging techniques is a problem that the review identified. D.S. Gendell reported that "in a

limited number of locations, it was observgd that flagger dress, position, alertness, equipment, and

signaling were deficient. This generally indifates a lack of training of flaggers or not enough emphasis

4




on inspection of flaggers, or both. In some cases, flaggers were used where traffic control devices could
have sufficed.”

S.H. Richards, R.C, Wunderlich, C.L. Dudek, and R.Q. Brackett (8) stated that one advantage
of using flaggers in highway work zones is the ease of implementing and the ease of removing flaggers.

The disadvantages of flagger usage stated in their report are as follows:

. fatigue and boredom may necessitate frequent relief,

. labor is costly for lengthy applications,

. their effectiveness may decrease with continuous use,

. drivers may have a problem seeing flaggers at night, and

. fagger safety considerations may preclude the use of flaggers at some work zones.

G.L. Ullman, $.Z. Levine, and S.C. Levine (3) compared two traffic control alternatives (fixed-
time, portable traffic signal and flagger) for alternating one-way traffic through one-lane work sections
on two-lane, two-way highways at three sites, for one hour at each location. They identified the

following safety problems during the flagging operations:

. inadequate sight distance to flagger and work zone,
. improper advance or supplemental signing,

. improper flagging communication, and

. improper flagging positions.

These studies suggest that the most promising areas of research on the subject is one involving
the field testing of supplemental or alternative traffic control methods in highway construction work
Zones.

G.L. Ullman, et al., concluded that the use of portable traffic signals could result in substantial

savings in flagger labor costs, and that the use of portable traffic signals resulted in minimal increases

in motorist delay costs and increases in violation rates.



. flaggers,

. traffic signals,

. stop signs, and

. yield signs.
FLAGGERS

Flaggers arc used extensively nationwide on twh-way, two-lane highway work zones where one
of the lanes is closed to traffic. The recommended t¢chniques and procedures for flagging practice
covered in the Manual on Uniform Traffic Control Ddvices for Streets and Highways (MUTCD) has
been adopted by the state of Washington. The big advdntage of using flaggers over the other devices is
that they are more flexible, thereby capable of reactifg fast to changing conditions. For example, a
flagger can quickly decide to stop traffic through the wdrk zone to accommodate the work operation as
nccessziry. Flaggers provide the most flow efficiency offall the controls. Also, the use of flaggers is very
easy to implement and they can be easily removed from the work zone, as needed. The disadvantages
of using flaggers include flagger fatigue and boredom, High costs, and hazards to flaggers.
The Manual on Uniform Traffic Control Pevices for Streets and Highways (MUTCD)
provides a comprehensive guide for highway construdtion and maintenance work. The MUTCD is
meant to be applied as a national standard and has been adopted by the state of Washington.
According to the MUTCD, "each person whdse actions affect maintenance and construction
zone safety - from the upper-level management persognel through construction and maintenance field

personnel - should receive training appropriate to the job decisions cach individual is required to make.

Only those individuals who are qualified by means of 4dequate training in safe traffic control practices



el

including those of the MUTCD, should supgrvise the selection, placement, and maintenance of traffic
control devices in maintenance and construction areas.”

| According to the MUTCD, the following methods of signaling with sign paddles (primary
signaling device) should be used:

1. "To stop traffic, the flagger faces traffic and extends, the "STOP" sign paddle in a
stationary position with the arm extended horizontally away from the body," and then
"motions traffic ahead with the free hand.”

2, "When it is safe for traffic fo proceed, the flagger faces traffic with the "SLOW" sign
paddle held in a stationary position with the arm extended horizontally away from the
body."

3. "To alert or slow traffic, the flagger faces traffic with the "SLOW" sign paddle, held in
a stationary position with thg arm extended away from the body."

The flagger is to be located far enqugh in advance of the worksite to give the approaching
traffic sufficient distance to reduce speed bgfore entering the work zone. This distance is related to
approach speed and physical conditions at the site; however, 200 to 300 feet is desirable (according to
the MUTCD). The flagger is to stand on the shoulder adjacent to the traffic being controlled or in the
barricaded lane. The flagger should be clearly visible at all times,

For single lanes used by traffic in bpth directions for a limited distance due to construction,
alternating one-way traffic movements thr gh the construction area are coordinated so that (1)
vehicles are not simultaneously moving in op

osite directions and (2) delays are not excessive at cither

end. Alternating one-way traffic control, accprding to the MUTCD, may be affected by the following

means;
. flagger control,
. flag-carrying or official car,
. pilot car, and
. traffic signals,




According to the Washington State Department of Transportation's (WSDOT) Design

Manual, section 321.04, Traffic Control Plans (TCPs ) "must be included in the PS&E (Plans,

Specifications and Estimates) to provide for the orderl

through construction and maintenance areas. In most

more of the TCPs shown in the Standard Plans will pr

particular work area."

The TCPs referred to in the WSDOT Design

y movement of vehicles and pedestrian traffic
instances, a reference in the plans to one or

ovide for adequate traffic control through any

Manual for two-lane, two-way highways when

one lane is closed due to highway construction, are showh in Figures 3.1 and 3.2.

TRAFFIC SIGNALS

Traffic signals are presently used in a majority

of states in the U.S. for controlling conditions

of high traffic volumes, long work zones, or poor sight distances. Their use is becoming even more

popular because of the availability of portable traffic signals, which cost less than standard, permanent

signals (3). The costs of standard traffic signals have |

mited their use to specific conditions, such as

lane closure work zones on restricted width bridges lasting for extended periods (4).

Portable traffic signal systems are free-standing, self-contained and ecasily transportable. They

are designed to be adaptable to a variety of situations.

Portable traffic signal systems could potentiafly

replace flaggers at many work zones involving lane closures on two-lane, two-way roadways (3).

The advantages of using portable traffic signals

in highway work zones are as follows:

1. Their operating costs are less than those for flaggers in the work zone; the cost

involved is the purchase cost and mainlenance (3).

Portable signals provide less ambiguous, more easily understandable signals to the

travelling public; the problems of flagger inattention or flaggers issuing conflicting

signals would be eliminated (4).
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The disadvantages of the traffic signal use in work zones are as follows:

The green light gives motor sts the incorrect indication that they don't have to exercise
caution as they proceed thr ubh the work site.

When working in the fixed ii*ne mode, the traffic signal results in longer stop delays
per vehicle at the work q: than does flagger control. The increased delay is a
function of the signal timin, barameters - cycle length, green phase, etc.

In remote locations, where traffic signals are unexpected, violations tend to be slightly
higher. The violations are sipally a result of motorists ignoring the end of the green
phase and joining the end .

the platoon of vehicles traveling through the work zone.

Although none of these vi Tions have resulted in reported accidents, the potential

for accidents does exist. However, the compliance rate in traffic signal control should

increase as motorists beco e\morc familiar with them (4).

STOP SIGN CONTROL (4, 5)

Stop sign control at work zones req

iing alternating onc-way traffic control is used in at least
|

five states in the United States: Alaska, California, Delaware, South Dakota, and Utah. This control

involves the posting of stop signs on both ap

one lane is closed to traffic,

rpaches to a two-way, two-lane highway work zone where

In theory, the stop sign control should provide for a safe work zone since all motorists will be

required to stop in advance of the construction site. This stoppage should reduce the vehicle speeds

through the construction zone. The full stop sﬂould also allow motorists to react to any emergencies or

break-down in the control system.

In practice, there are many violations

of the stop sign. However, most of these violations are

rolling stops where the motorists are reacting, in part, to the existing traffic conditions.

In the state of California, stop signs| are permitted in short work zones on rural, low volume

highways with good sight distances. California
sign: "ROAD CONSTRUCTION AHEAD

"STOP AND PROCEED WHEN CLEAR."

requires the following sequence of signs before the stop

i "ONE-LANE ROAD AHEAD) *STOP AHEAD,

12



South Dakota uscs stop sign control for roadways with traffic volumes between 600 and 1,300

\
vehicles per day. South Dakota requires that a porlaﬁlc: barrier be provided when stop sign control is
|
used. The signing sequence is similar to that in Califar

ia except that a 15 mph advisory speed sign is

installed between the "ONE-LANE ROAD AHEAD" ]s
|

|
The advantages of the stop sign are similar tothose of the traffic signals:
|

and the "STOP AHEAD" sign. In addition,

the stop sign has a high intensity flashing red light.

. operating costs are low,

|
. a clear, unambiguous directive is givdu to motorists to stop, and
. the motorists understand that caution must be exercised.

The disadvantages of stop sign use for reg+.1[ ting alternating traffic on two-lane, two-way
highway closures are as follows:
. There is no clear indication of righttof-way for both directions of traffic. If two
vehicles arrive at both stop signs sirt:h taneously, there is no obvious way of deciding

who has the right-of-way. The moﬁ‘t ecisive or bolder of the two motorists simply

takes the initiative and proceeds.

. Higher stop delay times are cxpected, articularly if queues develop at both stop signs

3

and one vehicle goes through at a tixﬁ

YIELD SIGN CONTROL (4)

Yield sign control at work zones where one il ¢ of a two-way, two-lane highway is closed is
used in at least six states: Alaska, Delaware, Michiéa , Missouri, Nebraska and Ohio. This control
involves the posting of yield signs on one or both apﬁr aches to the work zone. Where a yield sign is
posted on one approach only, the assignment of rigHt- f-way is positive and understandable. On the
other hand, when posted on both sides, right—of-ijw y assignment can be confusing to motorists
approaching the work zone. The assumption made 1§ that the closed-lane traffic will normally yield to
traffic in the open lane.

The states that permit yield sign control at work zones permit them only in short zones and

where good sight distances prevail. Three sets of signs are used preceding the yicld sign: "ROAD

13



CONSTRUCTION AHEAD," ”ONE-LAJ‘{E AHEAD,” and "WATCH FOR ONCOMING
TRAFFIC." One state, South Dakota, allows yicld sign control only if the traffic volume is equal to or
less than 600 vehicles per day and where a portable concrete barrier around the construction site is
provided.

The advantages and disadvantages ar¢ similar to those of a stop sign except that the yield sign
does not attempt to bring all approaching yehicles to full stop positions. yicld signs can be used in

short work zones with excellent sight distance and very low traffic volumes.

14




CHA
REVIEW OF FLAGG

Flaggers may be exposed to considerable d

a driver blatantly disregards the instructions of the flag

this study. Flagger accidents in work zones were revieu

a nationwide basis. Accident data were obtained
Administration) for 32 states, the district of Columt
contained in Appendix A. Data were not available frg
OSHA" plans. In the six years that were evaluated, (frol
work zones: an average of 2.3 per year, In comparison
19 fatalities involving flaggers occurred: an average of 4,
and injury information is summarized in Table 4.1.

The OSHA standards that provide guidelines

g

f1

4
ACCIDENTS

i if improper flagging procedures are used or if
ver. The extent of this danger was examined in
ved to determine the extent of this exposure on
om OSHA (Occupational Safety and Health
Ma, and Guam. The details of the data are
om states that have federally-monitored "State-
m 1977 to 1982) 14 fatalities involved flaggers in

, during the four-year period from 1983 to 1986,

.75 per year (a 106.4 percent increase). Fatality

for flagging operations are contained in OSHA

regulation No. 1926.201 entitled "Signaling” and further subtitled, "Flagman." The OSHA flagging
standards are in four parts and these are paraphrased|as follows:

1. Flaggers "shall" be provided when wark zone operations are such that signs, signals,
and barricades do not provide necassary protection on or adjacent to a highway or
street.

2. Flaggers "shall" perform their flagging duties of signaling in accordance with the
Manual on Uniform Traffic Control Devices for Streets and Highways (MUTCD).

3. Flaggers "shall" use either red flags or sign paddles to perform their hand signaling
tasks. In periods of darkness, red lights "shall" be used.

4, Flaggers “shall” wear red or orange warning vests while flagging. Warning vests "worn

at night shall be of reflectorized mater
These subparagraphs of the OSHA fla
subparagraphs 1, 2, 3, and 4. A verbatim version

of

Appendix A.
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ing standard are hercafter referred to as

the related OSHA regulation is contained in
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The OSHA records reviewed in this study rg
the flagging regulation had occurred (refer to Table 4

no personal injuries. Of the 664 infractions, 58.3 perq

25.0 percent involved Subparagraph 1 (not providing

the needed protection for construction workers and m

vealed that from 1977 to 1986, 664 violations of

1\) Of these violations, 96.7 percent resulted in

e+1t involved Subparagraph 4 (warning vests) and

fl+ggcrs when their services would have provided

okorists). As would be expected, the violation of

Subparagraph 4 resulted in the highest number of inj#;:ies - five (55.6 percent of the total) and the

highest number of fatalities - 15 (45.4 percent of the §
standard, Subparagraph 1, resulted in the second high

total) and the second highest number of fatalitics -

injuries (2) and the remaining fatalities (5) resulted fr

ofal). Also predictably, the second most violated
est number of injuries - two (22.2 percent of the
(39.4 percent of the total). The remaining

\
)IJP violations of Subparagraph 3.
|

Another interesting aspect of the data conta‘ﬁned in Table 4.1 is that 78.9 percent of the

accidents involving flaggers resulted in a fatality. Thisf #ct underscores the vitlnerable position in which

the flagger is placed in the event of an accident.

These violations of OSHA flagging standard

] *eprcseut only a fraction of the actual incidents
|

\
at construction sites. However, they indicate the tranhs of which types of violations are taking place

and the resultant severity of related accidents. Fig]

subparagraph. There was a noticeable drop in the
1979. This could have been due to reduced highway
in safety inspections during that period. Figure 4

violations of OSHA flagging standards and the fatalit

ullF 4.1 indicates the trend in violations of each
1+mber of violations of all the subparagraphs in
d

nstruction work in that period or a reduction

2| shows the trend in the relationship between

es resulting from these violations, The violations

of subparagraphs 1 and 4 were consistently high compared to the violations of the other subparagraphs.

The data suggest that any effort made to reduce the yiolations of subparagraphs 1 and 4 would tend to

result in a decline of flagger related accidents.
fatalities resulting from violations of OSHA standd

resulting fatalities suggests that more atiention needs

17

4, Figure 4.2 indicates that the rate of flagger

rds is increasing. This increase in the rate of

ta be given to flagging safety.
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Although the review of accident data providell some insights on the nature of the exposure of

flaggers to injury, it did not provide any detailed qualilative information about flagging. To gather this
additional data, a small study was conducted to ob ip information directly from flaggers, Twenty
flaggers who are presently employed in the flagging p;'ofcssion in four Seattle-area companies were
included in the survey process. These flagging panies provide flagging services for highway
construction projects as well as for utility-related projects adjacent to highways. Some questions were
added to the questionnaire after some interviews hafl been conducted. It is noted in this text when
responses were not obtained from all of the twenty fla,

Each interview took from 15 to 30 minutes. The questions posed to the flaggers had to do with
three main areas of interest to this research.

L General information was obtained frpm the flaggers involved in this survey - how long

they had been flaggers, why they bechme flaggers, and whether or not they considered

their flagging job as a profession or ds temporary employment.

2, Respondents were asked to describg the training they had received to prepare them
for their present jobs.

3. The flaggers' experiences on highwa. donstruction work zones were sought - motorists
compliance with flagger control, and the perceived or actual incidence of danger to

the flagger at the work site.

GENERAL INFORMATION ON THE FLAGGERS

The 20 flaggers interviewed had been flaggers for an average of 2.91 years and had been
working for their present employers for an average pf 2.57 years. About 80 percent of the flaggers
were still employed by the company with which they initially started flagging. About 73 percent
(73.3%) of 15 respondents indicated that they becamd flaggers because they liked the outdoors and the

flexible hours of the job. The rest of the flaggers (26.7%) of the 15 respondents became flaggers "for

19




the money” or because their current job inctded some flagging. About half (52.6%) of 19 flaggers
J agan

interviewed considered flagging a profession, r4

TRAINING

ther than a temporary job.

All of the flaggers interviewed had jeceived the minimum amount of training required to

\
obtain a flagging certificate (a prerequisite f¢r the flagging job). In addition, most (87.5%) of 19

|
flaggers interviewed had participated in adgi
flagging assignment. However, a majority‘(!
adequate flagging training.

The following are suggestions that the

Have some different situatiol

different possibilities with a nd
) \

to face on the job.

Spend at least one week in

|
present one-day program).

FLAGGERS' EXPERIENCES

*ional, on-the-job training before beginning their first

$3.3%) of 18 respondents felt that they had received

[laggers gave for improving flagger training:

Spend at least one-half day logking at different flagging situations.

hs set up in a parking lot and go through all of the

w flagger before he or she is certified.

Spend some time talking aboyt the different flagging situations the flaggers are likely

fraining to become a certified flagger (instead of the

Eighty percent (80.0%) of the 20 flaqgers interviewed had had their traffic control violated

(motorists did not stop when directed to do so

by the flaggers' stop sign or stop indication). However,

fifty-cight percent (57.9%) of 19 flaggers indicgted that motorists rarely violated their controls. Nearly

a third (31.6%) of 19 flaggers indicated that otorist violations of flagger directives occurred about

once a week, while 10.5 percent indicated that 1
Forty-two percent (42.1%) of 19 ﬂiag
control, the motorists got away with it. Thirty-

driver usually realized what was happening aﬁd
{

fiolations occurred about once a month.
gers indicated that when the motorists violated their
Eix percent (36.8%) of the 19 respondents said that the

stopped. Finally, the rest of the respondents indicated

that the violating driver was involved in or wag| nearly involved in an accident as a result of the lack of

compliance with the flagger's direction.




Almost seventy-four percent (73.7%) of 19 resppadents feit they had been in danger on the job

at one time or another. The dangerous situations occur

red, according (o the flaggers, for the following

reasons:
. motorists were not paying adequate attgntion;
. they were working with another flagger|who was inexperienced:
. motorists made deliberate maneuvers that were dangerous; and
. the weather or road conditions were bag.

Twenty percent (20%) of 15 flaggers interviewed had been hit at least once by motorists and

an additional 13.3 percent had almost been hit at least o

21
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CHAPTER 6

FIELD DATA COLLECTIC

The planned field data collection was to ind

behavior at a construction site while control alternated

IN METHODOLOGY

olve gathering data on traffic flow and traffic

weekly between flaggers, portable traffic signals,

and stop signs. Yield signs were not to be included because of the limited application of this method.

For each control method used, the following o
. direction of travel for each vehicle apyg

whether or not a stop condition was rd

whether or not the approaching vehic)

number of vehicles in a queue,
vehicle approach speeds and vehicle sl
. remarks relative to driver maneuvers (

To find a two-way, two-lane highway construd
developed of candidate 1987 WSDOT projects that wed
of Seattle, Washington.

Problems with the on-site data collection pro
different flagging techniques as originally planned. ]
WSDOT districts to participate in the test. The WSDO1
oceur as a result of the use of the proposed novel tech
because motorists were unfamiliar with them.

Observations planned for one site, State R

Replacement in District 1) were unsuccessful because o

were to be collected, the insurance company for the cod

the portable traffic signal was used. However, traffic dat

site (Refer to Appendix F).

h-site observations were to be recorded:
roaching the work zone,

quired by control,

e complied with the control,

stopped delay time for ecach vehicle required to stop,

ceds through the construction zone, and
£.8., actual or potential conflict situations).

tion site where one lane was closed, a list was

e scheduled to occur within 2 to 3 hours' drive

tedure did not permit intensive testing of the
'he main problem was the reluctance of the
I' districts were concerned that accidents might

liques (portable traffic signals, stop signs, etc.)

pute 2 (Bridges 2/38, 2/39 and 2/48 Rail
[ a liability issue. Shortly before the field data
tractor refused to provide Liability coverage if

A were collected for flagger-only control at this

23



Another problem encountered in atimpting to collect data was scheduling. Many of the

candidate projects (two-way, two-lane highw:

were not "active” during the period (May-July 1

Because of the problems encountered

collected. Therefore, the research project was
a demonstration project that the WSDOT cq
would involve extensive traffic data collection g

- Field tests of three of the flagging te

Route 970, Teanaway River to SR 97/Virden.

first day of work (July 13, 1987). The followin

aid the flagger with a flashing red light by set

behind the flaggers. The portable traffic

construction project as manually-operated trg

construction projects in which one lane was closed)
©87) when the tests were to be done.

in field testing, only a limited amount of data could be
modified in scope. The new scope consisted of defining
uld conduct in the future. The demonstration project
in each of the flagging techniques.

thniques were performed at a construction site on State
At the sile, the flagger-only control was used only on the
g day (July 14, 1987), the WSDOT field office decided to
ling a traffic signal on its flashing red mode immediately
signals were originally scheduled to be used on this

ffic control devices. However the signals malfunctioned

(skipped a phase every fifth cycle). As aresul, the signal in flashing red mode was used to supplement

flagger control. This control was used for thg

of 20 minutes on the morning of August 5,
control was used for only 20 minutes because
being compromised.

The vehicle approach speeds were)

remainder of the construction effort except for a period
1987, when a stop sign control was used. The stop sign

WSDOT field office personnel felt that project safety was

recorded for vehicles approaching at about 2,500 fect

ahead of the work zone in each direction. The speeds through the construction zone were recorded at

locations approximately in the middle of the |

work zone. Electronic speed measuring devices (GK 6000

classifier/speed recorders - solid state with memory modules) were used to get the speed data. These

speed recorders were used in lieu of radar g|
for supervision.

In addition, on-site obscrvétions wel

uns because of their increased accuracy and reduced need

¢ made two hours a day during the study.




SITE DESCRIPTION
The three controls (flagger only, flagger aid

ed by flashing red light and stop sign) were

evaluated at a work zone location on a two-lane, two-way rural highway near Cle Elum, Washington.

At this location, a lane was closed to traffic and flagger:

wers used to alternate one-way traffic through

the work zone. The site was a fairly level section of highway and on a tangent section. The westbound

approach to the work zone was on a 2,865 foot radius

curve that became a tangent section 1,500 feet

before the work zone and was on a 022 percent descending grade. The eastbound approach to the

work zone was a tangent section on a 1.66 perceant ascegding grade. There was virtually no commercial

development in the general area of the construction site
The 1986 Average Daily Traffic (ADT) at thig

traffic. At the work zone, approximately 820 feet of ong

bridge deficiencies on the Teanaway River bridge locgted at the site. Flaggers with two-way

site was 1,950, of which 24 percent was truck

-directional lane was closed in order to correct

radios

were used at the ends of the work zone to alternate traffic through the one-lane section.

Advance signing at the approaches to the work
CONSTRUCTION AHEAD," "ONE LANE AHEA

AHEAD." The signs were spaced approximately 500 feq

DATA COLLECTION AND ANALYSIS

The three different controls examined during

through the work site were as follows:

1. Control by flagger only consisted of thg
only standard stop/slow signs and ha
vehicles (see Figure 6.1, Traffic Cont
Two-Lane Highway Zone).

2.

with the addition of a flashing red light

zone consisted of the following signs: "ROAD
D," and "FLAGGER AHEAD" or "STOP

tt apart,

this field study for both directions of travel

standard MUTCD set-up, with flaggers using

hd signals to communicate with approaching

rol Plan Used for "Flagger Only” Controlled

The flagger aided with a flashing red' Jight was the same as the flagger only set-up,

(portable traffic signal in flashing red mode)




Temporary Painted
Stop Bar

CONSTRUCTION

Channelizing

Devices

—_

G20-2 T

END
CONSTRUCTION

Al Flagg

Temporary
Painted
Stop Bar

-

Vi 4

500

Figure 6.1. Traffic Control Plan Used for "Flagger Only" Controlled
Two-Lane Highway Zone

PO




(sec Figure 6.2, Traffic Control Pl}an Used for "Flagger Aided with Flashing Red

Light" Controlled Two-Lane Highw#y Zone).

Control by stop sign consisted of a Lt pndard stop sign supplemented by another sign
on the same post with the messagei One Lane Road Ahead Proceed With Caution
When Clear." The portable traffic sig1d in flashing red mode was also placed behind
the stop sign (see Figure 6.3, Tradic Control Plan Used for Stop Sign Controlled

Two-Lane Highway Work Zone).
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Flashing Red Light Controlled Two-Lane Highway
Work Zone
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Figure 6.3. Traffic Control Plan Used for Stop Sign Controlled

Two-Lane Highway Work Zone
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CHAPTER
DATA COLLECTION

A total of 522 vehicles were observed at the Iof

1 For eastbound traffic through the wor)
flagger only control was 2.29 vehicles

flashing red light was 1.78 (see table

7
{ RESULTS

cation. Table 7.1 gives the general conditions

that existed during the data collection period. The resulls of the data collection are as follows:

k zone, the average size of a queue created by
while that created by a flagger aided with a

72 and 73). The average queue size when

castbound traffic was controlled by sfop sign (aided with a flashing red light) was

1.82 vehicles. The rest of the queue siz
suggest that the queue size, when the ¢
was not significantly different from thg
flagger or stop sign, both aided with a f]
Fifty percent of both eastbound and

experienced no delay when traffic w4
When both eastbound and westbound]
the flashing red light, an average

experienced no delay. Under stop si
eastbound and westbound traffic exj
approach vehicle was 27 seconds whi

seconds when controlled by stop sign,

¢ data are contained in Appendix C. The data
astbound traffic was controlled by flagger only,
queue size when traffic was controlled by the
lashing red light.

westbound vehicles arriving at the work zone
s controlled by flagger only (sec Table 7.4).
traffic were controlled by flaggers aided with
of 754 percent arriving at the work zone
bn control, an average of 7.1 percent of both
erienced no delay. The average delay per
en traffic was controlled by flagger only, 72

and 22 seconds when controlled by a flagger

aided with a flashing red. The sumnfary of the stopped delay data is contained in

Table 7.4,

The limited data available suggest that aiding the flagger with a flashing red light

increases the percentage of vehicles ¢

31
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CONDITIONS UNDER WHICH TRAF]

1. QUEUE SIZE AND STOP DELAY DATA

Time

Day

Weather Conditions

2. SPEED DATA

Weather
Condition

Flagger
Only Control

9:14 am -
11:14 am

July 13, 1987
(Monday)

Clear, Sunny, W4
High winds (80°1

Before
Construction

Speed Data

July 7, 1987
(Tuesday)

12:00 am. -
12:00 p.m.
(midnight

to noon)

Temp. 50+ -
90+F

3

TABLE 7.1
FIC DATA WERE COLLECTED FOR EACH CONTROL

Flagger Aided
with Flashing
Red Light

11:34 am -
1:34 am

July 14, 1987
(Tuecsday)

Clear, Sunny
Warm (90°F)

Flagger Only
Controlled
Work Zone

July 7, 1987
(Monday)

12:00 a.m. -
12:00 p.m.
(midnight

to noon)

50+ -90+F

32

Stop Sign
CLontrol

7:46 am -
8:26 am

August 5, 1987
(Wednesday)

Clear, Sunny, Mild
(60°F)

Flagger Aided
with Flashing
Red Light Con-
trolled Work
Zone Data

July 14, 1987
{Tuesday)

12:00 a.m, -
12:00 p.m.
(midnight
to noon)

50+ -90+F



TABLE 7.2 1
QUEUE SIZE DATA FOR EASTBOUND TRAFFIC

Flagger Aided
Flagger Only with Flashing Stop Sign
Control Red Light Control
Total observation time (Hr) 2 2 0.33
Total vehicles per hour 64 87 9
Average queuc size 229 1.79 182
% of Vehicles in
5 - vehicle or less queues 871 100.0 84.5
TABLE 7.3
QUEUE SIZE DATA FOR WESTBOUND TRAFFIC!
Flagger Aided
Flagger Only with Flashing Stop Sign
Control Red Light Control
Total observation time (hr) 2 2 0.33
Total vehicles per hour 54 74 132
Average queue size 2.04 200 2.00
% of Vehicles in
5 - vehicle or less queues 837 75.0 79.2

chfer to Table 7.1 for field test conditions.
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und

Traffic Traffic
Sample Size 12 107
% of vehicles
that experienced
no stop delay 47.5 542
Average Stop
Delay for Stopped
Vehicles Only 54 47
Average Stop
Deiay for
All Vehicles 28 21

STOH

Flagger Only Control
Eastbound Westbound

TABLE 7.4

DELAY DATAL

Flagger Control Aided

with Flashing Red Light

Easthound Westbound
Traffic Traffic
174 147
89.1 59.2
52 66
18 27

Stop Sign Control
Eastbound Westbo
Traffic Traffic
33 24
6.1 83
356 192.6
30.2 1284

delay per approaching vehifle. They further suggest that the stop delay increases

appreciably when work zone]

traffic is controlled by a stop sign.

The benefit of reduced mptorist delay at the site offsets the additional cost of

providing flashing red lights,

Average eastbound approach speeds for vehicles about 2,500 feet in advance of the

work zone were reduced by 1.7 mph for the flagger only control and 2.4 mph for

flagger control aided with a flashing red light (see Table 7.5 through 7.11 and Figure

7.1 through 7.3). The averpge westbound approach vehicle speed was reduced by

13.2 mph for the flagger only control and 13.6 mph for the flagger control aided with

a flashing red light.

lRefer to Table 7.1 for field test conditid

11S.




TABLE 7.
SPEED REDUCTION VARIATIONS WITH

Flagger Only Control

Reduction in average
approach speed

5

TRAFFIC CONTROL METHOD 't

Flagger Aided
with Flashing Red Light

(castbound) (mph) 1.7 24
Reduction in average approach
speed (westbound) {mph) 132 13.6 .
Reduction in average speed
through construction zone
(both directions) (mph) 289 29.9
TABLE 7.6 .
EASTBOUND APPROACH SPEEDS TIO CONSTRUCTION ZONE 1
Before Flagger Controlled Flagger Control
Construction  Congtruction Zone Aided with "Flashing
(mph) (mph) Red"  Traffic  Signal
(mph)
Average speed 574 $5.7 55.0
Median speed 576 6.3 56.6
85% tile speed 63.1 62.0 61.7

“Speed data for stop sign control could not be mea{

ured because the speed measuring device used

lists measured speeds by hour only. Stop sign was used for only 20 minutes.

1Rcfer to Table 7.1 for field test conditions.

‘Specd data for stop sign control could not be mea
when stop sign was used. The speed measuring device u
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TABLE 7.7

REDUCTIONS

Flagger C

EASTBOUND APPROACH
SPEEDS TO QONSTRUCTION ZONE' 1

trolled
Construction Zone

Flagger Control Aided
with "Flashing Red"
traffic signal (mph)
24
10

14

Flagger Control
Aided with "Flashing
Red "Traffic Signal
(mph)

4.0

448

528

Average speed | 1.7
Median speed 13
85% tile speed » 1.1
TABLE 7.8 .
WESTBOUND APPROACH|SPEED TO CONSTRUCTION ZONE 1
Before Flagger
Constructign  Control Only
(mph) (mph)
Average speed 576 444
Median speed 583 44.8
85% tile speed 64.8 53.7
'TABLE 7.9

REDUCTIONS IN WESTBOUND APAROACH SPEEDS TO CONSTRUCTION ZONE 1

Flagger Control
Only (mph})
Average speed 132
Median speed 125
85% tile speed 111

Flagger Control Aided
with "Flashing Red" traffic
Signal (mph)

136

135

12.0

'Spccd data for stop sign control could not be measured because of limited time (20 minutes)
when stop sign was used. The speed measurigg device used only lists speeds by the hour.

1Rcfer to Table 7.1 for field test conditigns.
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TABLE 710
SPEEDS THROUGH THE CONSTRUCTION ZONE

(BOTH DIRE
Before Fl
Construction  Co
(mph) (mp
Average speed 575
Median speed 579
85%tile speed 63.9
TABLE 7.]
REDUCTIONS IN SPEED THROUGH
(BOTH DIREC]
Flagger Control
Only (mph)
Average speed 289
Median speed 294
85%tile speed 293

'Speed data for stop sign control could not be meas]
when stop sign was used. The speed measuring device u

chfer to Table 7.1 for field test conditions.
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ONs)’1
er Controlled Flagger Control
truction Zone Aided with "Flashing
h) Red" Traffic Signal
(mph)
28.6 276
285 217
346 33.7
1
THE CONSTRUCTION ZONE
TONS)1
Flagger Control Aided
with "Flashing Red" traffic
Signal (mph)
299
302
302

ured because of limited time (20 minutes)

fed only lists speeds by the hour.




Speed (mph)

/—Avg. Vehicular Speed through
' Construction Zone (both
directions)

/

4 @—Avg. Westbound Vehicular Speed

1011121 2 3 4 5 6 7 8 9 1011

p.m.
Time

Figure 7.1. Traffic Speefls Before Start of Construction

60+ /— Flagger only control
= 55¢
[&8
E
pe]
[+3]
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3 i

%—Flagger contro! aided with
flashing red light
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121 23 456 7 ¢
am,
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Figure 7.2. Comparison of Average Eastbound Approach Speeds for Flagger

Only Control and for]
Control

Flagger Aided with Flashing Red Light
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DRIVER BEHAVIOR AND COMPLIANCE

Virtually none of the motorists

vehicles observed for the flagger only con

The limited data available

suggest that aiding the flagger with a flashing red light

improves the effectiveness of the flagger in reducing vehicle approach speeds. The

flashing red light makes the| construction zone more conspicuous to motorists during

the day and at night, thereby (causing them to reduce their speeds earlier than when

the traffic is controlled by the unaided flagger.

The westbound approach vdhicle speeds were reduced by a wider margin than those

for the eastbound approach] A probable explanation for this is that the sight distance

on the westbound approach (in excess of 5,000 feet) was better than the eastbound

approach (about 2,000 feet). | The construction area was more visible to westbound

motorists at further distancgs and therefore they were able to react earlier, resulting

in greater speed reductions.

When compared to pre-cod sﬂruction speeds, the average vehicle speed through the

construction zone was reduces? by 28.9 mph for the flagger only control and 29.9 mph

for flagger control aided with ‘a flashing red light. This difference in speed was found

to be significant at the 95 per#ent confidence level (see Appendix E).

The data suggest that aiding L+le flagger with a flashing red light decreases the vehicle

speeds through the construct*on zone more than the unaided flagger conirol. The

flashing red light tended to coLvince the motorists of the need to proceed with caution

through the work zone. Suj

the work zones.

ch a speed reduction should reduce accident potential at

pbserved at the construction site had any problems

understanding what was required of them js they proceeded through the work zone. Of the 211

rol, only two (approximately 0.9 percent) were driven

erratically. One of them (an eastbound mo#orist) actually violated the flagger's directive to stop.
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Fortunately, the incident did not end in an accident. The other incident involved a westbound motorist
who had difficulty stopping at the stdp]ine indicated by the flagger and ended up stopping about 20 feet

beyond the flagger station and had to back up.

Of the 321 vehicles observed while traffic w:Is controlled by flaggers aided with flashing red
lights, no vehicles were driven erratically. This indicates that motorists take more care when the work

zone open lane is controlled by a flagger aided with a flashing red light.

CONCLUSION
The results of the ficld study were used in evaluating the three different flagging techniques.
On the basis of these limited results, the flashing red lights appear to be effective devices in helping

motorists proceed through the work zone in a safer manher, as exhibited by

. reduced motorist delays,

. reduced vehicle approach speeds,

. reduced vehicle speeds through the construction zone, and
. reduced erratic driver behavior exhibijt¢d at work zones.

The stop sign used in the work zone showed spme potential for being effective in controlling
traffic on two-lane highway construction zones when pne lane is closed. However, more data are

needed to make any definite conclusions.
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CHAPTER 8
DESIGN OF PILOT PROJECT FOR THE EVALUATION OF
ONE-LANE TRAFFIC CONTROL METHODS

THE EVALUATION PROCESS

The evaluation of alternative actions/methods is a means by which all the benefits, costs, and
impacts of each action or method is considered in order to contribute to the judgment of its relative
merits. The approach taken in this study is that of an evaluation process (the interaction among key
participants) as opposed to an evaluation technique. The reason for this is that the issues at stake in
this study are as much political as they are technical in nature. This report entails a careful
consideration of the impacts of different methods of construction zone traffic control. All of the
methods were previously field tested.

In developing an overall framework for the evaluation of the different alternatives for
controlling vehicular traffic through two-way two-lane highways when one of the lanes is closed, the
following six fundamental guidelines were considered:

1. Focus on the decision to be made and the key issues being faced. The nature of the
decision to be made determines the evaluation criteria used, and the scope and the
scale of the evaluation analysis. This e¢valuation process is to be used in choosing the
most cffective method of traffic control among the various methods. The existing
method is flagger control, used in conjunction with a supplemental set of devices,
channelization cones and construction signs. The supplemental devices will remain
constant for the different alternates.

2. Relate the consequences of alternatives to goals and objectives. The objectives
eﬁlanating from the goal of this study relate to a wide set of issues (efficiency, safety,
and costs). This calls for an evaluation process that can deal with the qualitative and
quantitative information required.

3. Determine how particular interests are affected by the various alternatives, The
traffic control method chosen will affect different groups differently. The most
obvious group are the motorists.
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4, Be sensitive to the time frame in which impacts are to occur. The time stream of
bcn.t:fits= and costs is differe;pnt for the alternative traffic control methods. Therefore,
the evaluation process to be used has to involve an explicit documentation of the
tradeoffs made between pfcsent expenditures and future net benefits and between
present benefits and future costs. Because of the high levels of uncertainty involved in
some of the data, the cvah;ation process also should be able to document these, as
well as handle sensitivity an;alysis in an adequate way.

5. Analyze the implementation requirements of each alternative. The implementation of
cach of the traffic control alternatives requires the use of different resources of
funding, labor, constructio;l capability, and engineering and design expertise. The
evaluation process used must be able to explicitly consider these factors so that the
results emerging from; this study are feasible,

6. Provide information on the ivaluv.z of each alternative in a readily understandable form.
Because most of the decisipn-makers that will be using the information have limited
time and patience to considér the tradeoffs that were made between alternatives, the
evaluation process used shi)uld highlight these tradeoffs and the values upon which
these tradeoffs were made. |

The six guidelines discussed above imply an e!waluation process that provides involvement for interested
parties, summarizes in understandable tcrm.':, the key issues to be considered, and guides much of the
technical analysis process. A framework tlfmt has the characteristics discussed above is the Goals
Achievement Matrix. The Goals Achievem;cnt Matrix evaluation method investigates a number of
alternatives in the light of multiple criteria aﬁd conflicting priorities. This evaluation approach consists
of (at least) a two-dimensional matrix, whcrai one dimension expresses the various alternatives and the
other dimension expresses the criteria or mgasures of effectiveness (MOEs) by which the alternatives

|
are to be evaluated.



GOALS ACHIEVEMENT MATRIX EVALUATION METHOD (9)

method:

The following steps were used in the study to apply the Goals Achievement Matrix evaluation

Identify and describe the goal(s) and related objectives for the study. As used in this
report, goals are generalized statements that broadly relate to the desired end but for
which no test for fulfillment can be readily applied. Objectives, on the other hand, are
specific, measurable statements of policy related to the attainment of the goals.

Determine alternatives. The alternatives used in this study had the following

characteristics;

. they were a means of achieving the goals dcﬁned;_

. they were feasible to implement financially, legally, and politically;

. the relative performances of the alternatives varied in range. This was to

permit a more comprehensive analysis.

Design measures of effectiveness or criteria for each objective. These are measures
or tests that reflect the degree of attainment of particular objectives.

Estimate the performance of each alternative using the measures of effectiveness
developed in Step 2 by means of "raw” criteria scores. These scores reflect the degree
to which an alternative meets a certain criterion. The determination of "raw” criteria
scores depends greatly on the type of evaluation problem and the way this problem
can be treated. According to Voogd (10), the yardstick by which the value of an
alternative should be determined is based on the best available information. In this
study, only direct quantitative determination of scores were made. The scores were
derived from a combination of observed characteristics as well as intuitive estimation
by the author. A possible problem of double counting is taken care of in the
prioritization or weighing of the criteria.

Standardize "raw" criterion scores. This involves .fthe process of transforming the
scales used for the various measures to a new common scale to make the various
criteria scores compatible. This traﬁsformation is known as standardization. The
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kind of standardization used in this study is one that in the opinion of the author

produces the least mathematicallly distorted result and is represented by the following

cquation:

raw SCOrE 1 - min. raw score

i (Eq. 10.1)
max. raw $Corc - min. raw score

standardized score i =

For some of the criteria, a highé:r criteria "raw" score implied a better score, whereas
for others, the higher score img!llicd a worse score. The standardized scores for the
first kind was produced by equa%ion 10.1. The standardized scores for the second kind
were calculated by subtracting dae result of Equation 1 from one.

Develop weights for objectives. Normally, weights for the various objectives would be
determined by asking groups th{at would be potentially affected to weigh the relative
importance of each objective. !Howevcr, in this study the weights were arrived at
judgmentally as time pressures did not permit conducting a survey. The affected

groups that were identified in this study included

. motorists,

. flaggers,

. other construcliion workers, and

. state departmeﬁt of transportation officials.

Each group hypothetically dist%ibuted points amoné the different criteria, thereby
reflecting the relative importancic of each criterion to each group in accordance with
the author's judgment of what tﬁe point distribution would be in an actual survey. All
the weights were listed in columxlm.

Summarize the scores for each :alternative by multiplying the standardized scores for
each alternative by the rcspf;ctivc weight, and adding the products for each

[
alternative.

|
Interpret the results of the analysis. The traffic control alternative with the largest
overall, weighted score was the most desirable based on the analysis. Next, the
relative sizes of the scores werclt examined and all the values used in the preceding
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analysis were reviewed to determine why the resulting ranking of alternatives

occurred the way it did.

EVALUATION GOAL AND OBJECTIVES

The goal of this study is to improve the effectiveness of traffic control in a two-way, two-lane

highway construction zone when one lane is closed. The following objectives logically follow from the

stated goal and were confirmed from the literature:

. minimize travel time through the work zone,
. maximize safety for motorists and construction workers,
. maximize efficiency in moving vehicular traffic through the construction zone,
. minimize vehicular operating cost,
. minimize capital cost of control, and
. minimize the economic impact on the|flagging personnel.
ALTERNATIVES

The following list of alternative methods of traffic control through work zones was developed

after their contribution to the evaluation goal, their feasibility of implementation and their range was

considered:
. flagger control using standard equipment (stop/slow paddle),
. portable traffic signal with fixed time setting,
. portable traffic signal with full traffic-actuated setting,
. portable traffic signal with manually-actuated setting, and
. stop sign control,

Flagger control using standard equipment (Allernative A) involves flaggers using an 18-inches
by 18-inches "stop /slow" sign (sometimes called a "paddle”) to control traffic. The flagger's main
position is on the shoulder of the road, just outside the right lane, i.e., about 3 to 4 feet from the edge
of the pavement.

The portable traffic signal control involves the use of traffic signals that are casy to move

around. This control is used to replace flaggers on both ends of the closed lane in a two-lane, two-way
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highway situation. Portable traffic signals can be used in basically two modes - in fixed time mode
(Alternative B) or traffic-actuated mode (Altgrnative C). It can be electronically actuated (Alternative
C) or done manually by an operator (Alternative D).

Stop Signs

Alternative E involves the use of stop signs on both approaches to the construction area. All
motorists approaching the work zone stop hefore the zone,; which reduces their speeds through the

construction area. However, this alternative s restricted to short work zones and low volume highways

because of the potential of conflicts.

The following characteristics werg considered in deciding the criteria for judging the
effectiveness of each of the alternatives:

1. The criteria must be releyant to the issue of choosing the best traffic control
mechanism for use in two-lane, two-way highways.

2, The criteria must be measurable.

3. Costs for data collection and analysis must be commensurate with the value of the
information produced.

4. The criteria must be specific at a level of detail appropriate for the decision to be
made, as must its sensitivity fo change,

5. They must be applicable to a wide range of alternatives.

6. The criteria must represent |a manageable number of measures not so many that they

overwhelm the decision makers involved.

[d]

7. They must be understandab

The objectives considered important in this evaluation and their related measures of

effectiveness are listed below:

Obijective Measures of Effectiveness
Minimize Travel Time a.  Average number of stops per vehicle (fewer is
better)

b.  Average vehicle delay time per stop (less is better)
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Obiective Measurgs of Effectiveness

Maximize Safety ¢. Nog-compliance rate (less is better)
d. Speed through work zone (mph) (less is better)
Maximize Efficiency e. Avdrage length of queue per hour (less is better)
Minimize Vehicular Costs f.  Opgrating and maintenance cost (3) (less is beiter)
Minimize Capital Costs g. Capital cost (3) (less is better)
ber of employee positions climinated per

Minimize Economic Impact h. Nu
: co

PERFORMANCE OF EACH ALTERNATIVE

struction project (less is better)

The data contained in Table 8.1, which formgd the core upon which the performance of the

five alternative traffic control methods were evaluated, were estimated from experience with data

collection on this research project. Table 8.1 containg the hypothetical "raw” performance scores for

the various alternatives. The cost of flagger control lf; the wages paid (including fringe benefits and

travel) :

Annual cost of flagger control = 2(flaggens)X$10(per hr)X8(hrs per day)X20(days per

mo.)X3(mo. per yr.)
=$9600 per year

Present worth of the cost for flagger control=

9600((1+.05)10-1)/.05/(1+.05)10) for discoth rate of 5% and period of 10 years*

= $74,129.

*10 year analysis period is assumed

Preseat worth of the cost for manually-actuated signal control

= 1/2 X $74,129 + $15,000(cost of the signal)

= $52,004

Further assumptions were made in computing cost, including equating to zero the

maintenance and operating cost of the stop sign,
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OBJ/ALT

R =000 o

where

Alternative A:
Alternative B:
Alternative C:
Alternative D:
Alternative E:
Criteria "a™
Criteria "b":
Criteria “c":
Criteria "d":
Criteria "e™;
Criteria "f":

Criteria "g™:

OBJ/ALT

g =0 oo ooe

TOTAL

RANKING

A

130.00
2.50

0.05
22.50
1.50
74,000.00
0.00

1.00
1.00
0.69
0.50
1.00
0.00
1.00

5.19

2

TABLE 8.1
"RAW" PERFORMANCE SCORES

B C D
260.00 130.00 130.00
24.00 3.00 3.00
0.01 0.05 0.05
22.50 25.00 20.00
1.80 1.50 1.50
15,000.00 20,000.00 52,000.00
2.00 2.00 1.00

860.00
12.00
0.14
20.00
1.50
100.00
2,00

Flagger contro] using standard equipment (stop/slow paddle)

Portable Traffic Signal with fixed time setting

Portable Traffir Signal in traffic actuated mode

Portable Traffic Signal With Manual Control

Stop sign contrpl

Average number of vehicle stops per vehicle

Average Vehicle Delay per stop (seconds)
Non-compliange Rate

Speed through work zone (mph)

Average Length of (Number of vehicles in) queue per hour

Capital, Operating and Maintenance Cost

# of jobs climipated per construction proj

®)

ect

TABLE 8.2
STANDARDIZED SCORES

B C D
0.82 1.00 1.00
0.00 0.98 0.93
1.00 0.69 0.69
0.50 0.00 1.00
0.00 1.00 1.00
0.80 0.73 0.30
0.00 0.00 0.50
312 4.40 547

5 3 1
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0.00
0.56
0.00
1.00
1.00
1.00
0.00

3.56



electronically controlled, traffic activated signal. Lista

were used in this study:

STANDARDIZED PERFORMANCE SCORES

id below are the "raw" performance scores that

Table 8.3 contains the standardized scores that result from measuring the various alternatives

with the criteria for effectiveness. The standardized sg
were obtained from Equation 1. On the other hand, 4
is-better" criteria were obtained by subtracting the res
standardized scores for each alternative represeats its

indicates that alternative D (manually-operated actuate

WEIGHTS
Listed below are the point distributions given
criterion.

The weights are not dramatically high for any ¢

ores resulting from the "more-is-better” criteria
he standardized scores resulting from the "less-
ults of Equation 1 from one. The sum of the
value without weighting. The score summation

d signal) had the highest total score.

by the four hypothetical rating groups for each

bne criterion, The author tried to mirror reality

as much as possible. The weights for criteria "a" and "j” represent over 40 percent of the total weights

on the average. This is compatible with most drivers|

attitudes toward travel time (the author was a

highway flagger at various locations in western Washington for three months).

If some big changes were made to the weights, the rdsulting order of the alternatives would change.

Another possibility considered was adjusting the weights to reflect the percent of citizens in each of the

groups. The author decided against that, since that 1

flaggers who, although a small percentage of the drives

of change in traffic conditions because of their exposurd.

PERFORMANCE SCORE SUMMARY

ould have adverscly affected the input of the

population, are most vulnerable to the impacts

Shown on the next three pages are the score s

maries resulting from the evaluation process.

Tables 8.4 through 8.7 show the standardized scores different driver groups. The figure entitled "Total

Weighted Standardized Scores By Alternates” illustra
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TABLE 8.3

WEIGHT$ FOR EACH GROUP
Other
Construction  State Department of
Motorists Flggers Workers Transportation Officials
a 30 20 15 217
b 30 20 15 21.7
c 5 10 15 10
d 5 10 15 10
e 10 10 10 10
f 10 15 15 133
g 10 15 15 133
Total 100 100 100 100.0
Where
Criteria "a"; Average number of vehicle §tops per vehicle (Less is better)

Criteria "b™ Average Vehicle Delay per §top (seconds) (Less is better)
Criteria "c"; Non-compliance Rate (Less is better)

Criteria "d™ Speed through work zone (ph) (Less is better)

Criteria "e™: Average Length of queue pgr hour (Less is better)

Criteria "™ Capital, Operating and Maintenance Cost ($) (Less is better)

Criteria "g™: # of jobs climinated per construction project (Less is better)
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WEIGHT

30.00
30.00

5.00

5.00
10.00
10.00
10.00

| o o ot

Total 100.00

Ranking
WEIGHT

a 20.00
b 20.00
c 10.00
d 10.00
e 10.00
f 15.00
g 15.00

Total 100.00

Ranking

TABLE §
WEIGHTED, STANDAR

USING WEIGHTS FO
A B

30.00 24.60
30.00 0.00

345 5.00

2.50 2.50
10.00 0.00

0.00 8.00
10.00 0.00
85.95 40.10

1 5

TABLEH

WEIGHTED, STANDAR

4
DIZED SCORES
R MOTORISTS

C

30.00
29.40
345
0.00
10.00
730
0.00

80.15

3

S
DIZED SCORES

USING WEIGHTS F(]rl FLAGGERS

A B
20.00 16.40
20.00 0.00

6.90 10.00
5.00 5.00
10.00 0.00
0.00 12.00
15.00 0.00
76.90 43.40
2 5
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C

20.00
19.60
6.90
0.00
10.00
10.95
0.00

67.45

3

30.00
29.40
3.45
5.00
10.00
3.00
5.00

85.85

20.00
19.60
6.90
10.00
10.00
4.50
7.50

78.50

0.00
16.80
0.00
5.00
10.00
10.00
0.00

41.80

0.00
11.20
0.00
10.00
10.00
15.00
0.00

46.20



TABLE 8.6
WEIGHTED, §TANDARDIZED SCORES
USING WEIGHTS FOR THER CONSTRUCTION WORKERS

WEIGHT A B C D E
a 15.00 15.00 1230 15.00 15.00 0.00
b 15.00 15.00 0.00 14.70 14.70 8.40
¢ 15.00 1035 15.00 1035 1035 .00
d 15.00 7.50 7.50 0.00 15.00 15.00
e 10.00 10.00 0.00 10.00 10.00 10.00
f 15.00 0.00 12.00 10.95 4.50 15.00
g 15.00 15.00 0.00 0.00 7.50 0.00
Total 160.00 7285 46 80 61.00 77.05 43.40
Ranking 2 5 3 1 4
TABLE 8.7
WEIGHTED, STANDARDIZHD SCORES FOR STATE DOT OFFICIALS
AVEWEIGHT A B C D E
2170 21.70 17.79 21.70 21.70 0.00
21.70 21.70 0.00 21.27 2127 12.15
10.00 6.90 10.00 6.90 6.90 0.00
10.00 5.00 5.00 0.00 10.00 10.00
10.00 10.00 0.00 10.00 10.00 10.60
13.30 0.00 10.64 9,71 3.99 13.30
13.30 1330 0.00 0.00 6.65 0.00
100.00 78.60 43.43 69.57 80.51 4545
2 5 3 1 4
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with the different weight sets. In almost all the cases, alternative D, with or without the weights,

appears to be the superior alternative,

ANALYSIS OF RESULTS
Each of the alternatives exhibited different strepgths and weaknesses. The final ranking of the
alternatives resulted from a summation of the scores in

Alternative A (Flagger control). This alternd

quene length, and economic impact and increasing o

pttaining the goals of the evaluation process.
tive did well in decreasing travel time, delay,
bmpliance rate, but did poorly in decreasing
operating cost.
Alternative B_(Portable traffic signal with fixed timing). This alternative increased the
compliance ratc and decreased cost but did poorly in d

ccreasing travel time, delay, queue length, and

economic impact.

Alternative C (Portable traffic signal with traffge

travel time, delay, and queue length, but did poorly

actuated-control), This alternative decreased

In decreasing compliance rate and decreasing

operating cost and economic impact.

Alternative D _(Portable traffic signal with mapually-controlled timing), This alternative did

well in decreasing travel time, delay, and economic im

and operating cost.

Alternative E (Stop sign control). This alter
impact but did poorly in increasing the compliance rat
length. In all the cases but one, Alternative D (operat

be the superior alternative. Alternative A (flagger

Aliernative A would have been evaluated higher than al

had been increascd to 30 percent and the weigh

correspondingly. With the high weight for vehicle ¢

relatively secure.
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pact but did poorly in decreasing queue length

pative decreased operating cost and economic
e and decreasing travel time, delay, and queue
br-actuated portable traffic signal) appeared to
control) was second in each case but one.
ternative D if the weight applied to criterion "b"
s of the other criteria had been reduced

Jelay time, the position of alternative D was




NSI ANALYSI
Although, alternative D proved to b the most superior alternative in three of the four cases,
alternative A was superior to alternative D for two criteria, b and g. Alternative A was the only viable

alternative capable of beating alternative D fpr the performance scores used.

CONCLUSION
From this evaluation, it appears that alternative D (the operator-actuated portable traffic

signal), was the best in satisfying the identifi¢d criteria and the affected groups, in spite of the fact that

the stop sign had the advantage of low capitpl, operation, and maintenance costs. However, although

the results may be counter-intuitive, they are logical. The operator-actuated portable signal
incorporates the values of the traditional flagging operation and the high tech portable traffic signal.

Before a definite conclusion can Be reached, the assumed "raw”" performance values and

weights should be verified. A final decision should be delayed until a more thorough data verification

is done.
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CHAPTER]|9
SAMPLE SPECIAL PROVISION FOR USE IN
DEMONSTRATION PROJECT -- TEMPORARY TRAFFIC SIGNALS

The purpose of the sample "Special Provisiorf' for the demonstration project is to provide

guidance for setting up contract specifications for temporary traffic signals.

DESCRIPTION

The work under this item shall consist of furn|shing, installing, and maintaining a temporary

portable traffic signal installation at the locations showp on the project plans and in accordance with

the requirements of the specifications and these special

hrovisions.

The minimum number of single indications shall be as shown on the project plans.

The system shall include the following:

1 A 110 V.A.C. diesel generator with fis

The generator shall be securely moun

enclosed lockable wire cage.

The generator shall be equipped ¥

110 V.A.C. 60 Hz. regardless of engin

2. A 12-foot minimum mast arm assem

shall be attached to the trailer, if the n
3. Each signal controller trailer unit shall

shall have a 12-inch red, 8-inch yellow

el capacity to operate a minimum of 72 hours.

d on one of the signal controller trailers in an

vith a regulator to regulate the voltage at
E speed.

bly with a 15-foot vertical minimum clearance
ast arm assembly is provided.

have two signal heads. Each traffic signal head

| and 8-inch green light. Each trailer assembly

shall have a signal head mounted at the end of the mast arm, and also a signal head

shall be mounted on the top of the ver

Signal circuit conductors shall be run

ical mast arm support.

unspliced from the controller cabinet (or the

terminal box on the remote trailer ufit) to the terminal connector strip at the side

mounted signal head. Quick discong
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circuit cables on each trailer
stranded, sun resistant, rated fo
The traffic controller assembly
Supplemental Specifications.

shall be mounted on one of th
weather resistant cabinet, per T]
fully-actuated unit, and it shall

display simultaneous red on b

thall be type TC-THWN, AWG #14, 4 conductor,
direct burial, 600 Volt, and UL listed.

shall meet the requirements of NEMA and the 1985
A two-phase, NEMA Solid State DAN-2 controller
E trailers in an enclosed, lockable Type 11, NEMA 3
b 3-10. The controller shall operate it as a two-phase,
have the capability of being manually operated to

oth phases. The all-red clearance timing shall be

approved by the Engineer. A ganual pushbutton with a minimum 12-foot coil cord

shall be furnished and wired to

Flaggers shall be used to contrg
any time in which mode chang
versa). Flaggers shall also be y

for public safety as required by

Ia the flash mode, the controlle

Each of the traffic signal trailes

behind the guard rail and shall

he controller.

| traffic during the startup of the signal system and at
s occur (such as from automatic to manual or vice
sed for traffic control at any time during construction

he Engineer.

shall flash red to both phases.

units shall be set up on the shoulder of the roadway

be leveled and secured as directed by the Engineer in

the field. Each trailer unit shall be secured by removal of the trailer tongue to

prevent tampering, Both traile
copper plated grounding rod at
The UF cables connecting the

burial, and installation of the U
field.

The loop detectors required by
factory. Contractor assembly

pavement. The loop wires shall

F units shall be grounded by installation of a 10-foot,
pach site.
fwo traffic signal trailers shall be UL listed. Routing,

JF cables shall be as directed by the Engineer in the

the plans shall be temporary loops preformed at the
shall not be asphalt backing te bond to asphalt

be sandwiched between two 2-inch wide, high density
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polyethelene film strips. The bottogn strip shall have a very adhesive bituminous

rubber compound for bonding to asp}
detector sandwich system shall be a 4

with the same bonding compound des

The loop detector shall have 15 feeq

protected with the same sandwiched d

The nominal width of the system shall

0.194 inch tapering to 0.064 inch at tH

The loop detector system shall have Y

105 degree 22 gauge wire with 7 x 30 g

The loop detectors shall be installed

Engineer in the field.

CONSTRUCTION REQUIREMENTS

At the preconstruction conference the contr3
proposed for use for approval by the Engineer.

After written approval has been issued by

alt roadway surfaces. The top layer of the loop
}-inch wade strip of woven polypropylene mesh

rribed above.

of lead-in conductor, 5 feet of which shall be

bmponents as the loop.

be 4 inches, with a nominal maximum height of

e edges.

ree turns of type B-MIL-W-16878-Vinyl 600 V.-

auge strands.

as shown on the plans or as directed by the

ctor shall submit the type of equipment being

YSDOT, the contractor shall install temporary

signals as required to meet the construction schedule. [The contractor shall notify the Engineer at least

48 hours in advance of when the temporary signal inst

of the installation by the Engineer, the maintenance

lation is ready to be turned on. Upon approval

the temporary signal installation, including all

fuel charges, shall become the responsibility of the confractor until removal is directed by the Engineer.

The contractor shall be responsible for maintaining the signals in proper operating condition. Any

damage to the temporary traffic signal installation from any cause whatsoever shall be repaired by and

at the expense of the contractor. If, at any time, thd

contractor fails to perform any work deemed

necessary by the Engineer to keep the temporary traffic signals in proper operating condition, the
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Engineer may have others perform the needad work. The cost of such work will be deducted from the

amount due to the contractor.

The phase timings utilized to contrd] traffic shall be as approved by the Engineer. All phase

timing shall be determined and put into the] controller by Traffic Operations personnel. The signal

shall be initially turned on by Traffic Operatigns personnel.

When the signal installation is not in

BASIS OF PAYMENT

operation, the signal heads shall be taken down.

Payment for this work will be madq at the contract lump sum price bid for TEMPORARY

" TRAFFIC SIGNALS, the price of which shgll be full compensation for the complete item, including

maintenance, energy costs and removal whey directed by the Engineer, all as described and specified

herein and on the project plans.




CHAPTEHN
PROPOSED GUIDELINES FOR FIELD TESTI
TECHNIQUE IN A DEMON}Y

10
NG THE RECOMMENDED FLAGGING
P TRATION PROJECT

As discussed in Chapter 6, Data Collection, problems with time constraints, liability issues, and

equipment failure limited the field testing to one of

flagging techniques or methods identified in addition to

1. flagger control aided with flashing red|
2, fixed time traffic signal,

3. traffic-actuated traffic signal,

4, manually-operated traffic signal,

5. stop sign, and

6. yield sign.

CHARACTERISTICS OF CANDIDATE DEMONSTR|

he flagging techniques being considered. The
MUTCD flagging in this study are as follows:

lights (field tested),

A\TION PROJECTS

The type of highway construction project chosgn for this demonstration should be one in which

flagger control is needed. The demonstration projef
alternating, one-way traffic through a one-lanc work zo
the highway on which the construction work is being

than 600 to 1,300 equivalent passenger cars per day. Ej

et should be one that involves the control of
he on a two-lane, two-way highway. In addition,
performed should have an average of no more

fperience on this research project indicated that

this limit is realistic. As the traffic volumes become Higher, some of the controls (e.g, the stop sign)

become less effective. Also, the highway should have sIfﬁcicnt sight distance to (1) permit motorists to

see the presence of a flagging device and be able to
complete stop at the specified stop line and (2) permit

other approach to the work zone once they are stopped

TRAFFIC CONTROL PLANS

The largest work zone to be considered should

bring their vehicles from the speed kimil to a

motorists to see the other control device at the

be similar to that contained in the Washington

State Department of Transportation's Standard Plan - [K-1 and K-2 (Figures 3.1 and 3.2). For traffic

signal control, the "Flagger Ahead" sign is replaced byla "Signal Ahead" sign and a temporary painted
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stop bar is installed 50 feet before the traffic

ignal. The stop sign controls are similar to that of traffic

signal control except that the "Signal Ahcad” sjgn is replaced with a "Stop Ahead" sign. In addition, the

stop sign should have the following attachments:

L a sign with the message "Ong
2, a flashing red light.
The signs for the yield sign control sh

that the "Stop Ahead" is replaced with "Yield {

DATA COLLECTION AND ANALYSIS

Lane Ahead, Proceed with Caution when Clear,” and

ould be similar to those used for stop sign control except

hhead" and the stop sign replaced by a yield sign.

The procedures for collecting and pnalyzing data should be similar to those discussed in

Chapter 6, Field Data Collection, and Chap

information should be gathered and analyzed

fer 7, Data Collection Results. The following data and

for each control:

L average stop delay per vehicle,

2 average queue length per vehicle,

3. average approach speed redjction per vehicle,

4. average reduction in speed through the construction zone,

5. compliance rate,

6. number of incidents of grratjc driver behavior per vehicle, and
7. general observation of the work zone.

A method to enhance an unbiased ¢

paluation of the alternative flagging methods is covered in

Chapter 8. Contained in Chapter 9 is a sample special provision for "Temporary Traffic Signals."
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CHAPTER
CONCLUSIONS AND RE(]

The traffic control provided by flaggers at the]
to be adequate. While the construction was observed,
Virtually all of the motorists who passed through the
minimum amount of delay.

The traffic control (flagging) provided at the

1
OMMENDATIONS

observed one-lane construction zone appeared
no significant operational problems were noted.

site proceeded at a reasonable manner with a

site appeared to be adequate for the particular

combination of traffic volume and construction zone leggth.

In addition, a minimal amount of erratic driving behavior was exhibited, indicating that

motorists were able to understand the control signals 4
perform some duties that none of the alternative devi
motorists special instructions for driving through the wj
warning signs. However, the potential for harm to ]

improve the awareness of motorists so that they recog]

flashing red light helps the motorist to approach the

nd to adjust their driving accordingly, Flaggers
jces could perform, for example, (1) giving the
prk zone, and (2) improving driver awareness of
laggers makes it necessary to consider ways to
hize the nced to exercise caution. The use of a

work zonc and procced through it at a slower

speed, thereby potentially improving the safety of the flagger.

It was not possible to ficld test three other canf

in one-lane construction zones because of time const

These three candidate traffic controls were a traffic

didate methods for controlling alternating traffic
raints, liability issues and equipment problems.

signal, stop sign, and yield sign. However, a

literature search regarding these controls indicated that two of the more common types of traffic

control at one-lane construction sites are flaggers and traffic signals, Very few states use stop signs and

yicld signs on approaches to one-lane construction sitg
use the fixed-time equipment. However, the traffic-4

especially in rural settings where demand varies consid

ts, and most of the states that use traffic signals
ctuated traffic signals would be more effective,

grably.
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APPENDIK A
FLAGGER ACCIDENTS RELATED T() VIOLATIONS OF STANDARDS

OSHA RULES AND REGULATIONS PERTAINING flt ) FLAGGING (1926.201(A))

1.

When operations are such that signs, signa.lsL and barricades do not provide the necessary
protection on or adjacent to a highway or strdict, flagmen or other appropriate traffic controls
shall be provided.

Signaling directions by flagmen shall conform lto American National Standards Institute D6.1-
1971, Manual on Uniform Traffic Control Devi:L:es for Streets and Highways.

Hand signaling by flagmen shall be by use of r*d flags at least 18 inches square or sign paddles,
and in periods of darkness, red lights. |

Flagmen shall be provided with and shall wearia red or orange warning garment while flagging.

Warning garments worn at night shall be of redectorizcd material.



i

Table A.1. Number of Violations Occ i g Each Year in the State of Washington with
Respect to the Standard Violated and Type of Inspection (Random, Injury,

Fatality)
Number of Numberof  Numberof  Total Number
Year Standard Random Injuries Fatalities of Violations
1977 1 12 0 3 15
2 1 0 0 1
3 9 0 0 9
4 41 3 3 47
1978 i 19 0 1 20
2 0 0 0 0
3 18 1 0 19
4 46 1 2 49
1979 1 0 0 0 0
2 0 0 0 0
3 1 0 1 2
4 13 0 0 13
1980 1 23 0 0 23
2 2 0 0 2
3 13 0 1 14
4 34 0 1 35
1981 1 13 0 1 14
2 1 0 0 1
3 6 0 0 6
4 35 0 0 35
1682 1 20 0 0 20
2 1 0 0 1
3 10 1 0 11
4 46 1 1 48
1983 1 12 1 2 15
2 0 0 0 0
3 8 0 0 8
4 38 0 4 42
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Table A.1.| (cont.)
Number of Number of Number of  Total Number

State Standard Random Injuries Fatalities of Violations
1984 1 25 0 2 27

2 1 0 0 1

3 4 0 1 5

4 40 0 1 41
1985 1 14 1 2 17

2 3 0 0 3

3 15 0 0 15

4 38 0 1 39
1986 1 13 0 2 15

2 i 0 0 1

3 10 0 2 12

4 36 0 2 38
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Table A2

Number of Serious Violations Incurred by Each State (1977 - 86) with

Respect to Standard Violat
Fatality)

Note: Data reflect informati
enforcement jurisdiction, Fe
those State-Plan states provi

and Type of Inspection (Random, Injury,

n obtained from all states with federal OSHA
deral Trust Territories, District of Columbia, and
ding this information to OSHA.

Number of | Number of Number of Total Number
State Standard Random Injuries Fatalities of Violations
 Alabama 1 3 0 0 3
2 0 0 0 0
3 0 0 0 0
4 7 0 1 8
Arkansas 1 0 0 0 0
2 0 0 0 0
3 1 0 0 1
4 4 0 0 4
Alaska 1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 1 0 0 1
Arizona 1 1 0 0 1
2 0 0 0 0
3 0 0 0 0
4 1 0 0 1
Colorado 1 1 0 0 1
2 0 0 0 0
3 2 0 0 2
4 4 0 0 4
Connecticut 1 1 0 0 1
2 0 0 0 0
3 3 0 0 3
4 4 0 0 4
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Table A.2 (cont.)
Number of  Number of Number of  Total Number
State Standard Random Injuries Fatalities of Violations
District of 1 1 0 0 1
Columbia 2 0 0 0 0
3 12 0 0 12
4 19 0 0 19
Delaware 1 1 0 0 1
2 V] 0 0 0]
3 0 0 0 0
4 0 0 0 0
Florida 1 9 0 0 9
2 0 0 0 0
3 2 0 2 4
4 16 0 2 18
Georgia 1 0 0 1 1
2 0 0 0 0
3 2 0 0 2
4 7 0 0 7
Guam 1 1 0 0 1
2 0 0 0 0
3 0 0 0 0
4 6 0 1 7
Idaho 1 5 0 0 5
2 0 0 0 0
3 2 0 0 2
4 4 0 0 4
Minois 1 22 0 2 24
2 0 0 4
3 0 1 10
4 43 0 2 45
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Total Number
of Violations

12

11

Table A.2 (cont.)

o.ms
]

83

£

Z

)

g g

EE

Z g

L

Q
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> &

Standard

State

Indiana

Kentucky

Louisiana

1

Massachusetts

Maine

12

Missouri

1

Mississippi

Atb



Table A.2 {cont.)

Number of = Number of Number of  Total Number
State Standard Random Injuries Fatalities of Violations
North Dakota 1 1 0 0 1
2 0 0 0 0
3 0 0 0 0
4 0 0 0 0
New Hampshire 1 1 0 0 1
2 0 0 0 0
3 1 0 0 1
4 4 0 0 4
New Jersey 1 10 0 0 10
' 2 0 0 0 0
3 6 0 0 6
4 19 0 0 19
New York 1 45 0 0 45
2 1 0 0 1
3 24 0 0 24
4 68 0 2 70
Ohio 1 8 0 1 g
2 0 0
3 7 0 0 7
4 38 0 2 40
Oklahoma 1 2 1 1 4
2 0 0 0 0
3 0 0 0 0
4 0 0 0 0
Pennsylvania 1 18 0 0 18
2 1 0 0 1
3 6 1 1 B
4 35 1 1 37




Total Number
of Violations

Number of
Fatalities

10

20

24

Table A.3 (cont.)

Number of  Nymber of
Random Injuries

Standard

State

1

Rhode Island

1

South Dakota

1

Tennessee

Texas

18

Virginia

Wisconsin

23

1

West Virginia

AL8
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APPENI]
FLAGGER SURYV

Summary of Flag

How long have you been a flagger?

Average: 2.91 years
Longest: 8 years
Shortest: 3 weeks

How long have you worked for the p

NX B
EY RESULTS

per Interviews

esent company?

Average of 2.57 years with same com
companies.

A, What did you do heforg?

Four worked for different fl3

pany. Less than 20 percent have changed flagging

peging companies, three were students.

The rest were: n

sing home attendant

worker at a tax company
bartender

pulice officer

sefretary

baokkeeper

clectronics worker

h

sewife

worker in marker research

h

orl
fas
ca
clg
pr

Why did you decide to become a flag

Scventy-three percent (73%) said

flexible hours. Nine percent (9%}
to them. Nine percent (9%) said
flagging. Nine percent (9%) said it 4

Do you consider your job a professio

52.2 percent consider it a professia
4.4 percent don’t know,

dresser
thopedic assistant
mer
hnery worker
rk

nter

erson?

t was because they liked the outdoors and the
pid it was because someone recommended the job
it was because their current job included some
yas for the money.

h or a temporary job?

n, 43.5 percent consider it a temporary job and




What kind of training have

'ou had?

Seventy-four percent had a "supervisor who held the sign and explained situations" to
them (on the road training
job and 13 percent had "no

Al

Do vou feel this tra

Eighty-three perce
Seventeen percent

What do vou feel ¢

Some suggestions v

I "Have at
situations.

I1. "Have som
all of the

» 13 percent had some verbal training by a foreman on the
training besides the flagging certificate training.”

ining is adequate?

nt felt that this was adequalc training for them.
felt that they needed more training.

puld be added to the training program?

yere:

least one-half day looking at and discussing different

¢ different situations set up in a parking lot and go through
lifferent possibilities with the new flaggers before they get

their certifjcate."

I1I1. "Just talkin

Iv. "Have at Ig
go out on

15 about the different situations should help.”

ast one week of training with different situations before you
) real job."

Do you feel that you are respected by other construction workers?

Ninety-one percent felt th
nine percent said that it dej

A,

By the motorists?

Forty-eight percent|
Seventeen percent §
Thirty percent said
Five percent said it

Has your flagging ever been|

Eighty three said yes and 17

A.

If it has, about how

Fifty-eight percent
Ten percent said ah
Thirty-two percent

pt they were respected by the construction workers and
¢nds on the company.

felt they were

aid not!!

they weren’t as respectful
depended on the driver

ignored?

percent said no.
often?

paid it rarely happened

fout "once per month”
taid often, "at least once per week”
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10.

11.

B. When they did run the sign, »

rhat usually happened?

Forty-two percent said the driver gets away with it without the occurrence of

any serious accidents.

Thirty-eight percent said that soon the driver realizes what is happening and

stops.
Twenty-one percent said that

Have you ever felt that you were in
Seventy-four percent said "yes" and 26

A, Some reasons flaggers felt th

"The driver was not paying at
"When you are working with

the driver is or is almost involved in an accident.
er on the job?

percent said "no."

by were in danger were:

tention, did not slow down in time,"
an inexperienced flagger.”

"A man deliberately tried to hit me.”
"A car flipped right in front of me."

"It was rainy and slick."
"A driver was coming right at]

Have you gver been hit or almost hit?

us, we had to jump out of the way."

Twenty-two percent had been hit, 17 percent were almost hit and 13 percent were

almost hit at least once.

A, What were the circumstances

]

"It was an accident" (mirror i
"It was deliberate."

it her hand).

"It was an accident” (she cracked an elbow).

"People come right up to you
"Cars wouldn’t slow down, hd
“I (the flagger) wasn’t paying

and push you out of the way with their bumper.”
d to jump out of the way."
attention and I was almost hit."

Have you ever been in a situation where perhaps a4 mechanical flagging device may have
been better than having a flagperson there?

Sixty-five percent said "no,” 4 percent
Al Some comments were:

"It might keep the flagger ou

said "yes,” and 31 percent said "maybe."

of danger."

"A mechanical flagger doesn} seem practical in most situations.”

"Maybe on freeways, bridges

and sharp corpers.”

"Maybe for just stowing dowq traffic.”

Do you think motorists would respect] a mechanical flagging device?

Twenty-two percent said "yes,” 65 percent said "no," and 13 percent said "maybe."




Do you think any flagging priactices should be ¢hanged?
Twenty-two percent said "ye3" and 78 percent said "no."

A. What should be changed?

“Cars should be mofe difficult to get.”
"Speeds should be [posted in the construction site so the driver knows how

much to slow down/'

“Stop using hand signals, motorists don’t understand them.”
Are you proud of your profession?
Ninety-one percent said "yes," 9 percent said "sort of, I guess."
Do you gver get bored?

Seventy-eight percent said "yes,” 22 percent said "no.”

A, What do you do to keep your mind alert?

“Talk to construction workers.”
"Throw rocks.”
"Sing." :
"Keep mind occupidd somehow.”
"Do exercises."

Do you feel that drivers fai to stop or slow down more under high traffic conditions,
low traffic conditions. or is it just the personality of the driver?

Ten percent said "High traffic conditions.”
Thirty percent said "Low traffic conditions."
Sixty percent said "It is just the personality of the driver."

How often do you get harass cd by the drivers?

Thirty percent said "Never."
Twenty percent said "Very s¢ldom."
Ten percent said "Sometimes.”
Forty percent said often.

A, Is the harassment s¢xual or is it because of delay?
Ninety-three percenjt said "Delay,” 7 percent said "Sexual.”

Have you cver been harassed by the construction workers?

Fifteen percent said "yes,” 89 percent said "no.”
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18.

19.

21,

22,

A, If yes, what happened?

"One guy was just a jerk, notH

"One guy made me feel
stopped.”
"One guy was a total creep,

What type of job do you like the least

Fifty percent said "Really slow, boring
Twenty percent said "Doesn’t matter.”

Five percent said "Cold and rainy."
Five percent said *Intersections.”

Five percent said "Working for Ma B
Five percent said "Manhole flagging,"

Five percent said "Construction jobs

Five percent said "Heavy traffic, dow

T

h

ing happened.”
tally uncomfortable, I confronted him and

e got fired.”
for flagging?
jobs.

1.

mtown traffic.”

What tvpe of job do you like the mogt|for flagging?
Fifty percent said "Nice, busy jobs.”
Fifteen percent said "Utility company.[

Fifteen percent said "Doesn’t matter,

Five percent said "Medium traffic, o

Five percent said "Heavy construction
Five percent said "The one that pays t
Five percent said "Small country roadj

Do you always wear an orange vest,

=

g

o

lane closed.”

he best.”
, residential.”

prk shoes, and a hard hat?

One hundred percent said "yes."

Are you responsible for seeing that

& sioning is properly located?

Twenty percent said "Yes," 40 percent

A. How often to you check the

"Continuously (if you can see

"At breaks (if you can’t)."
"Usually get the crew to fix

What percentage of your assignmen

S

said "No," and 40 percent said "Sometimes.”

stgns?

them).”

cm,

are a one-lane work zone?

Thirty percent said "less than 70 pericq

Thirty percent said "between 70 and

Five percent said "between 80 and 99

Thirty-five percent said "between 90

Have you ever used a walkie-talkie whi

3

il

L

nt.
) percent.”
percent.”

nd 100 percent.”

en flagging?

Eighty percent said "Yes," 20 percent

kaid "No."

he



A. If ves, under what donditions?

"Can’t see other flapger.”

"Can hear logging tricks coming so you can prepare for them.”
"Because we have tp.|

24, Have you ever used a baton|when flagging?

Twenty percent said "Yes," 80 percent said "No."

A, When did you use them?

"For night flagging.

=~

B. How did they workp
"Drivers took them
"Didn’t like it."
"Worked fine, people felt like part of the team.”

25. Have you ever worked with g pilot car when flagging?

Fifteen percent said "Yes," 85| percent said "no.”

A. When did you use them?

"When there was a long consiruction zone."
26. Have you ever done night flagging?
Seventy-five percent said "Ygs,” 25 percent said *No."
A, How was it?
"Didn’t like it" (33 percent).

e
"Not quite as safe” (38 percent).
"It was fine" (33 pencent).
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APPEND

IXC

RESULTS OF FIELD DATA COLLECTION QUEUE SIZE AND DELAY DATA

TABLE

C.1

QUEUE SIZE AND DELAY DATA FOR
EASTBOUND TRAFFIC THROUGH WORK ZONE
WITH FLAGGER ONLY CONTROL

Quecuc Size

Total no. of vehicles:
No. of vehicles in queue:
No. of queues:

Average queue sizes:

Total observation time:

Total no. of vehicles per hour:

Total no. of vehicles in queue per hour:
Total no. of gueues/hour

Percentage of one vehicle queue:
Percentage of two vehicle queue:
Longest queue length:

Declay

No. of vehicles that experienced
no stop delay:

Percentage of vehicles that experienced
no stop delay:

Average stop delay for stopped
vehicles only:

Average stop delay for all
vehicles:

"Refer to Table 7-1 for field test conditions. -

122
64
28
2.29

2 hours (9:14
July 13, 1987)

am. - 11:14

61

32

14

67.9

14.3

9 vehicles

58

4715

53.81 seconds

28.23 seconds

am.,



TABLE C.2
QUEUE S}ZE AND DELAY DATA
FOR EASTBOUND TRAFFIC
FLAGGER AIDED WITH FLASHING RED LIGHT"

Queue size

Total no. of vehicles: 174

No. of vehicles in queue: 59

No. of queues: 33

Average queue size: 1.79

Total observation time: 2 hours (11:334 am. - 134

July 14, 1987)

Total no. of vehicles per hour: 87

No. of vehicles in queue /hour: 30

No. of quenes/hour: 17

Average queue size; 1.79
Percentage of one vehicle queudgs: 54.5
Percentage of two vehicle queuas: 303

Largest queue length: 5

Delay

No. of vehicles that experienced

no stop delay: 115
Percentage of vehicles that experienced

no stop delay: 89.1

Average stop delay for only

stopped vehicles: 52.41 seconds
Average stop delay for all vehiclgs: 17.77 seconds

"Refer to Table 7-1 for field test conditi

pAs.

p.n.,



TABLE C.3
QUEUE SIZE AND DELAY DATA FOR WESTBQUND TRAFFIC THROUGH WORK ZONE

FLAGGER ONLY|CONTROL'
Queue size
Total no. of vehicles: 107
No. of vehicles in queue: 49
No. of queues: 24
Average queue size: 204
Total observation time: 2 hours (9:14 am. - 11:14 am,
July 13, 1987)
Total no. of vehicles per hour: 54
Total no. of vehicles in queue/hour: 25
Total no. of queues/hour: 12
Average queue size: 2.04
% of vehicles in 1-vehicle queue: 306
% of vehicles in 2-vehicle queue: 82
% of vehicles in 3-vehicle queue: 258
% of vehicles in S-vehicle
or less queue: 83.7
Longest queue length: 8
Declay

No. of vehicles that experienced
no stop delay: 58

Percentage of vehicles that experienced
no stop delay: 54.2

"Refer to Table 7-1 for field test conditions.




TABLE C.3 (CONTINUED)

Average stop delay for stopped
vehicles only: 46.89

~ Average stop delay for all
vehicles only: 21.46




TABLE (.4
QUEUE SIZE AND DELAY DATA FOR
WESTBOUND TRAFFIC THROUGH WORK ZONE
FLAGGER AIDED WITH FLASHING RED LIGHT

Queue size

Total no. of vehicles: 147

No. of vehicles in queue: 60

No. of queues: 30

Average queue size: 2.00

Total observation time: 2 hours (11:34 am. - 1.34 pm,
July 14, 1987)

Total no. of vehicles per hour; 74

Total no. of vehicles in queue/hour: 30

Total no. of queues/hour: 15

Average queue size: 2,00

% of 1-vehicle queue: 333

% of 2-vehicle queue: 333

% of 5-vehicle or less queue: 75

Longest queue length: 8

Delay

No. of vehicles that experienced

no stop delay: 87
Percentage of vehicles that experienced

no stop delay: 59.2
Percentage of vehicles that experienced

no stop delay: 66.53
Total stop delay per queue: 26.70

*Refer to Table 7-1 for field test conditions.




TABLE C.5
QUEUE SIZE AND DELAY DATA FOR|EASTBOUND TRAFFIC THROUGH WORK ZONE

STOP SIGN CONTROL"
Queue size
Total no. of vehicles: 33
No. of vehicles in queue: 31
No. of queues 17
Average qucue sizes: 1.82
Total observation time: 20 min. (9:46 - 8:26 am.,

August 5, 1987)

Total no. of vehicles per hour: %9
Total no. of vehicles in queue per hour: 93
Total no. of queues/hour: 51
Percentage of one vehicle queue: 290
Percentage of twa vehicle queune: 258
Longest queuc length: 5 vehicles
Delay
No. of vehicles that experienced
no stop delay: 2
Percentage of vehicles that expericnced
no stop delay; 6.1
Percentage of vehicles that experienced
no stop delay: 35.6
Total stop delay per queue: 302

"Refer to Table 7-1 for field test conditions.

C-6




TABLE |(].6
QUEUE SIZE AND DELAY DATA FOR WESTBOUND TRAFFIC THROUGH WORK ZONE

STOP SIGN CONTROL'
Queue size
Total no. of vehicles: 24
No. of vehicles in queue: 22
No. of queues 11
Average queue sizes: 2.0

Total observation time:

20 min. (7:46 - 8:26 am.,,
August 5, 1987)

Total no. of vehicles per hour: 132
Total no, of vehicles in queue per hour: 66
Total no. of queues/hour: 33
Percentage of one vehicle queue: 318
Percentage of two vehicle queue: 0.0
Longest queue length: 5 vehicles
Delay

No. of vehicles that experienced

no stop delay: 2
Perceantage of vehicles that experienced

no stop delay: 83
Percentage of vehicles that experienced

no stop delay; 33
Average stop delay for only

stopped vehicles 192.6
Total stop delay per queuc: 1284

"Refer to Table 7-1 for field test conditions.




TABLE C.7
ARRIVAL TIMES AND STOP DELAY FOR [EASTBOUND TRAFFIC THROUGH WORK ZONE
(SR 970, TEANAWAY RIVER TO SR 97 PROJECT)
WHEN CONTROLLED|WITH FLAGGER ONLY (7-14-87)

Vehicle Arrival Vehicle Stop
Time Delay (sec.)

9:15:00
15:30
15:45
15:50
15:55
17:56
17:58
18:00
22:03
22:03
22:44
22:44
2335

{4 vehicles)
25:29 61
2735 55
2727 57
28:05
28:49
31:21
33:30
33:35
3412

9:34:12
37:50
37:51
38:10
38:30
39:49
39:49
39:50
39:51
42:00
42:00
44:50
45:10 0 (Didn’t stop as

required)

cocBRoocckBBaY

cRREERRccEBoococoos

- "Refer to Table 7-1 for ficld test conditidns.
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TABLE C-7 (CONTINUED)

Vehicle Arrival Vehicle Stop
Time Delay (sec.)

46:10
51:46

(9 vehicles)
56:39
57:08
59:10
59:10
10:01:50
02:30
10:02:30
03:30
04:50
04:59
05:36
05:36
07:20
08:40

(2 vehicles)
09:18
09:20
09:50
11:14
12:27
12:40
14:50
14:50
14:55

(3 vehicles)
17:20
18:30
19:26
20:00
20:02
22:30
23:50
23:50
23:30
10:23:50
25:00
25:00
26:26
27:50
2750
29:00
29:00

498

PELccB8oo
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TABLE (.7 (CONTINUED)

Vehicle Arrival Vehicle Stop
Time Dglay (sec.)
10:29:00 82
35:39 18
35:39 18
35:39 18
36:36 ¢
37:05 75
37:05 75
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TABIE C8
ARRIVAL TIMES AND STOP DELAY|FOR WESTBOUND TRAFFIC
THROUGH WORK ZONE (SR 970, TEANAWAY RIVER TO SR 97 PROJECT)
WHEN CONTROLLED WITH FIAGGER ONLY (7-14-87)°

Vehicle Arrival Vehicle Stop
Time Delay (sec)

9:15:00
17:05
19:10
19:15
1935
20:00
20:20
20:35
20:45
20:53
21:55
23:55
23:55
25:29
26:01
26:03
2700
30:34
30:40
30:49
31:40
31:50
33:55
35:10
36:40
3720
38:50
38:51
38:52
41:30
42:03
43.20
43:20
43:20
44:00
45:10
46:40
48:00
49:55
51:09

"Refer to Table 7-1 for field test conditions.




TABLE (.8 (CONTINUED)

Vehicle Arrival Vehicle Stop
Timeg Delay (sec.)

9:51:46
51:47
51:48
51:49
51:50
51:51
54:50
54:50
56:07
57:56
58:08
59.00
59:09
59:09
59:09
59:09

10:00:52
03:30
04:07
04:07
04:07
04:07
04:07
06:40
09:30
09:40
10:10
11:22
11:30
12:04
13.47
14:50
14:50
14:55
15:00
16:21
21:02
21:50
22:10
22:30
22:37
23:00
25:00
25:00
25:00
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TABLE C.8 (CONTINUED)

Vehicle Arrival Vehicle Stop
Time Delay (sec.)

10:26:26
27.50
27:52
28:30
28:30
28:50
29:00
29:20
29:50
31:20
33:33
3334
34:15
34:15

34:59
35:08
3512
35:13
35:57 78
35:57 78
35:57 78
35:57 78
35:57 78
37:38
39:45
39:45
41:25
42:50
43:10
44:41
45:37
47:15
47:50

(5 vehicles)
48:50
50:40
(2 vehicles)
51:30
(2 vehicles)
52:10
51:50
54:10
54:40
54:50
55:10

=~ Lh
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TABLE [C|8 (CONTINUED)

Vehicle Arrival Vehicle Stop
Time Delay (sec.)

11:56:50
58:10

59:10
12:02:10

(2 vehicles)
03:20

03:36

04:10

04:40

05:40

(2 vehicles)
07:30

07:35

08:40

oBod
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TABLE|C.9
ARRIVAL TIMES AND|STOP DELAY FOR
EASTBOUND TRAFFIC THROUGH WORK Z(ONE (SR 970, TEANAWAY RIVER TO SR 97
PROJECT) WHEN CONTROLLED BY FLAGGER| AIDED WITH FLASHING RED LIGHT (7-15-
87)

Vehicle Arrival Vehicle Stop
Time Delay (sec.)

11:35:09 11

(2 vehicles)
36:03

37:00

(2 vehicles)
37:50

37:58

38:30

38:50

38:58

39:50

(2 vehicles)
40:40

41:13

41:55

41:56

(2 vehicles)
43:00

43:10

44:20

46:00

46:15

46:50
12:09:00
09:05

09:10

09:20

09:30

10:10

10:50

13:00

13:57 103

13:59 |

(3 vehicles)
16:34 46

(4 vehicles)
18:00 46

19:30 0

aOOOOO &Q

Tto oo

=
()

D%DODOOQDODOOO

"Refer to Table 7-1 for field test conditions.




TABLE (1.9 (CONTINUED)

Vehicle Arrival Vehicle Stop
Time Delay (sec.)

12:19:35 ' 0

(3 vehicles)
20:30

(3 vehicles)
21:30

22:30

22:41

24:23

(3 vehicles)
26:08

26:08

26:30

26:30

2722

28.00

(5 vehicles)
20:48

31:39

32:00

33:10

33:20

33:30

33:20

34:09

34:20

35:10

35:20

35:40

36:20

37:10

39:20

40:20

40:20

40:20

40:20

3700

(2 vehicles)
37:50

37:58

38:30

38:50

38:58

39:50

(2 vehicles)
40:40

=]

8 80@@0@ oo o
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TABLE C.9 (CONTINUED)

Vehicle Arrival Vehicle Stop
Time Delay (sec.)

12:41:13
41:55
41:56 1

(2 vehicles)
43:00
43:10
44:20
46:00
46:15
46:50
2722
28:00

(5 vehicles)
29:48
31:39
32:00
33:10
33:20
33:30
33:20
34:.09
34:20
35:10
35:20
35:40
36:20
37.10
39:20
40:20
40:20
40:20
40:20
40:20
41:25
41:50
41:50
42:40
44:20
44:58
46:55
47:26
49:50
51:14
52:00
52:50

Sooc oo
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TABLE (.9 (CONTINUED)
Vehicle Arrival Vehicle Stop

Time Delay (sec,)

12:53:09
53:09

54:50

56330

5706

58:50

5930

59:30
1:01:16
01:18

02:14

06:12

(5 vehicles)
08:06

08:13

08:30

08:35

09:48

(3 vehicles -
3 sec. intervals)
10:10

10:55

11:50

12:30

12:35

16:04

16:10

(4 vehicles)
18:00

19:00

19:20

19:25

(2 vehicles)
22:28

22:50

(4 vehicles)
23:30

(2 vehicles)
24:56

25:50

26:20

27:10

20:28

31:50

33:20

(2 vehicles)
34:50

0
0

-
D

o0
oo O o OOOC%MOOO
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TAL

ARRIVAL TIMES /4

WESTBOUND TRAFFIC THROUGH WORK Z{
PROIECT) WHEN CONTROLLED WITH FLAGG
15-87

LE C.10

ND STOP FOR

NE (SR 970, TEANAWAY RIVER TO SR 97
R AIDED WITH FLASHING RED LIGHT (7-

M B

Vehicle Arrival Vehicle Stop
Time Delay (sec.)

11:34:40 0
35:20 54

(2 vehicles)
36:30

37:10

39:05

39:07

39:50

39:52

39:54

39:57

41:50

41:53

42:00

42:05

42:06

42:50

44:50

46:10

46:20

47:50

(3 vehicles)
48:40

48:50

50:10

(7 vehicles)
51:50

52:50

53:20

53:40

53:45

54:10

55:10

56:20

5710

(2 vehicles)
58:50
12:00:40

ﬁOODOOQOODWOO

— =
} g
cecBococooc?d Boo wosoS

oo

*Refer to Table 7-1 for field test conditions.




TABLE

Vehicle Arrival

Time

12:0130

01:40

01:46

01:50

01:59

02:10
12:03:36

(2 vehicles)
04:50

06:09

10:50

(3 vehicles)
14:40

15:00

(3 vehicles)
17:20

(2 vehicles)
18:50

23:10

(2 vehicles)
23:50

24:50

28:00

28:40

(8 vehicles)
30:50

(3 vehicles)
33:20

34:50

35:40

(4 vehicles)
38:20

39:01

3910

39:20

42:09

(2 vehicles)
43:43

44:25

45:28

45:50

- (4 vehicles)
48:33

(8 vehicles)
50:00

(3 vehicles)

C-20
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TABLE C.10 (C

Vehicle Arrival

Time

12:54:05
57:060
5157
58:10
59:30
59:44
59:50
02:14
03:19
03:24
03:36
04:10
04:14
04:59
(5:06
05:10
05:20
05:25
05:30
06:12
07.05
07:14
07:22
10:50
12:20
12:34
14:10
17:10
17:20
19:20
19:51
19:56
20:50
22:20

(2 vehicles)
23:30
24:50
(2 vehicles)
28:00
29:28
(2 vehicles)
31:50
33:20
34:00
(4 vehicles)

9
=)

ONTINUED)

Vehicle Stop
Delay (sec.)
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TABLE C.11
ARRIVAL TIMES AND STOP DELAY FOR EASTBOUND TRAFFIC THROUGH
CONSTRUCTION ZONE (SR 970, THANAWAY RIVER TQ SR 97 PROJECT) WHEN
CONTROLLED BY STOP SIGN

Vehicle Arrival Vehicle Stop
Time Delay (sec)
7:46:00 11
(5 vehicles)
74700 60
7:49:00 20
7:49:40 13
7:53:14 13
7:53:30 4
55:01 3
55:30 5
55:35 95
(2 vehicles)
8:00:15 55
00:40 0
01:20 40
(2 vehicles)
02:40 20
(3 vehicles)
05:10 10
(2 vehicles)
07:30 10
08:08 0
(3 vehicles)
16:20 15
18:15 15
(3 vehicles)
8:18:59 60
20:26 0
(5 vehicles)
21:00 0
23:30 0
23:45 o8

"Refer to Table 7-1 for field test conditians.
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TABLE C.12
ARRIVAL TIMES AND STOP DELAY FOR|WESTBOUND TRAFFIC THROUGH
CONSTRUCTION ZONE (SR 970, TEANAWAY RIVER TO SR 97 PROJECT) WHEN
CONTROLLED BY STOP SIGN’

Vehicle Arrival Vehicle Stop
Time Delay (sec.)
8:09:21 0
{6 vehicles)
11:25 0
(6 vehicles)
14:50 0
16:22 0
17:20 0
17:40 0
18:40 230
(erratic driving)
18:45 239
(5 vehicles)
23:40 40
(3 vehicles)
25:25 35
26:14 0

"Refer to Table 7-1 for field test conditions.
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APPENDIX D
RESULTS OF FIELD DATA COLLECTION - SPEED DATA




APPENDIK D
RESULTS OF FIELD DATA COLLECTION - SPEED DATA’

TABLE .1
EASTBOUND APPROALH SPEED DATA

Before Flagger Flagger Control Aided

Construction Cnly Control with "Flashing Red" Light
Average speed 574 55.7 550
Median speed 576 56.6 563
85th percentile speed 63.1 61.7 62.0
% Exceeding 45 98.5 95.2 934
% Exceeding 55 67.6 55.5 529
% Exceceding 60 238 17.1 18.0
% Exceeding 65 6.7 4.9 57
% Exceeding 70 1.1 0.9 0.9
% Exceeding 75 0 0 0
Sample size 1237 1192 1309

"Refer to Table 7-1 for field test conditions,




Average speed
Median speed
85%tile speed
% Exceeding 45
% Exceeding 55
% Exceeding 60
% Exceeding 65
% Exceeding 70
% Exceeding 75

Sample size

WESTBOUND APPROACH SPEED DATA'
Before Flagger
Construction Ouly Control

576 444
583 448
648 53.7
91.8 489
68.9 89
363 30
13.7 1.0

37 03

0.0 0.0

1210 630

*Refer to Table 7-1 for field test conditid

ns.

TABLE D.2

Flagger Control Aided
with "Flashing Red" Light
44.0
4.8
528
48.6
7.2
14
0.0
0.0
0.0

782



TABLE I}.3
SPEED THROUGH THE CONSTRUCT ION ZONE
(BOTH DIRECTIONS|OF TRAFFIC)

Flagger Control plus

Flagger Control Only Flashing Red
Average speed 286 276
Median speed 285 279
85th percentile speed 346 33.7
% Exceeding 45 0.7 03
% Exceeding 55 02 0.0
% Exceeding 60 0.1 0.0
% Exceeding 65 0.1 0.0
% Exceeding 70 0.1 0.0
% Exceeding 75 0.0 . 0.0
Sample size 1892 2406

"Refer to Table 7-1 for field test conditions.
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Table D.4 Approach Spaeds before Start of Construction™®

Time Average Eastbound Average Westbound ~ Average Vehicular
Vehicular Approach Vehicular Approach Speed Through
Speed n Speed n Construction Zone
(both directions)
12 am. 583 20 59.3 8 58.6
1 a.m. 58.5 10 58.0 7 58.3
2 a.m. 55.9 7 58.0 4 56.7
3 a.m. 56.1 8 62.4 9 59.4
4 a.m. 56.7 15 66.5 13 61.3
5 a.m. 59.8 11 62.4 9 61.0
6 a.m. 56.0 20 62.1 40 60.1
7 a.m. 55.3 52 54.5 43 54.9
8 a.m, 58.5 72 49.5 77 53.9
9 a.m. 56.0 88 47.1 75 51.9
10 am. 57.0 72 49.7 84 53.1
11 a.m. 58.2 109 61.9 71 59.7
12 p.m. 56.9 80 58.8 74 57.8
1 p.m. 57.7 90 58.2 86 57.9
2 p.m. 57.2 91 57.2 103 57.2
3 pm. 56.7 9N 58.5 99 57.6
4 p.m. 58.2 89 60.0 99 59.2
5 pm. 58.7 62 59.8 85 59.3
6 p.m. 58.2 80 62.4 71 60.2
7 p.m. 56.2 46 63.2 53 60.0
8 p.m. 58.4 47 61.9 40 60.0
9 p.m. 59.0 36 59.9 21 59.3
10 p.m. 56.2 22 60.7 22 58.5
11 p.m. 57.5 19 59.3 15 58.3
mean 57.4 57.6 57.5
std. dev. 1.195 4.589 2.446

* The speed data were collected on Tuesday| July 7, 1987 (Temperature = 50-90°F, clear skies), a
week before the start of construction at the site
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Table D.5 Traffic Speeds Through Construciton Zon¢ During Construction (Flagger only control)

Time Average Eastbound Average Westhound  Average Vehicular
Vehicular Approach Vehichlar Approach Speed Through

Speed n Spegd n Construction Zone

(both directions)
12 am. 54.2 13 48.0 10 - -
1am. 53.5 11 50.9 7 - -
2a.m. 53.0 8 48.6 8 - -
3am. 53.7 14 48.0 6 - -
4am. 575 11 55.5 12 - -
5a.m. 50.9 21 48.0 16 - -
6am. 56.3 32 47.0 43 - -
7am. 56.0 32 48.2 33 - -
gam. 56.0 58 47.8 62 - -
9am. 56.3 63 46.2 74 28.2 142
10 a.m. 54.2 93 41.2 77 24.8 143
11 am. 56.7 90 36.8 70 24.0 186
12 p.m. 54.9 78 43.5 79 28.8 154
1 p.m. 56.1 76 43.5 76 29.4 155
2 p.m. 55.6 81 442 57 29.4 149
3 p.m. 57.5 88 457 83 30.2 173
4 p.m. 56.5 81 447 96 28.5 168
5p.m. 56.8 83 471 84 30.4 152
6p.m. 57.3 72 47.6 60 31.2 133
7 p.m. 57.1 53 46.9 55 295 104
8 p.m. 56.6 56 441 54 30.2 86
9 p.m. 519 38 48.0 41 29.2 71
10 p.m. 50.9 24 51.2 17 304 43
11 p.m. 52.4 16 46.2 22 29.8 33
mean 57.4 1192 45.25 1152 28.6 1892

std. dev. 2.065 3.618 2.007

-- No data available
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Table D.6 Approach Speeds Through Construction Zone During Construction (Flagger Aided

with Flashing Red Light) i

Time Average Eastbound | Average Westbound  Average Vehicular
Vehi A h | ¥ehicular Approach Speed Through

Speed n . Speed n Construction Zone

(both directions)
12 a.m. 51.1 16 . 423 7 - 296 25
1 am. 51.1 8 . 48.0 2 28.9 11
2 am. 48.8 6 | 43.0 8 27.6 12
3 am. 49.1 18 | 52.6 12 29.9 24
4 a.m. 47.4 26 ' 51.0 10 31.1 32
5 a.m. 54.1 19 . 51.6 21 27.8 39
6 a.m. 55.0 32 - 44.4 32 24.4 61
7 a.m. 54.7 42 475 42 26.8 77
8 am. 57.8 52 | 440 60 28.0 95
9 a.m. 56.5 63 - 44.7 84 26.7 144
10 a.m. 55.4 98 399 105 27.3 182
11 am. 57.5 - 87 . 43.0 102 25.8 178
12 p.m. 53.6 100 . 443 74 26.5 165
1 p.m. 55.2 38 . 422 77 25.8 149
2 p.m. 57.0 109 - 45.6 96 26.3 211
3 p.m. 57.7 93 | 44.7 103 26.3 201
4 p.m. 56.5 85 | 48.0 94 28.6 171
S pm. 55.8 75 - 477 64 296 142
6 p.m. 54.6 85 - 46.7 63 29.2 145
7 p.m. 57.3 60 479 49 29.9 106
8 p.m. 55.4 57 - 46.5 50 29.7 102
9 pm. 50.8 32 - 47.8 28 29.4 58
10 p.m. 46.5 36 - 424 16 28.8 49
11 p.m. 46.4 22 . 46.5 10 30.8 27
mean 55.0 1309 | 45.1 1212 27.6 2406

std. dev. 3.69 3.163 1.770
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APPENDIX E
STATISTICAL SIGNIFICANCE TESTS




IGNIFICAN

Two-sided hypothesis tests were conducted on the speed, queue size and stop delay data. The

decision rule was set up in the standard normal distribution (z). The sample mean x is converted to a z

value by using the standarization formula:

There is significant difference between two data samples existin'g at the 95 percent confidence level

if z < -z0,025 or z > 20,025 (20.025 = 1.96).

SPEEDS
Mean Eastbound Approzch Traffic Speeds when Work Zone was Controlied By:
Flagger Only 574
Flagger Aided with Flashing Red Light 55.0
iation of E Traffi W 11
Flagger Only 3.69
. (n=1192)
Flagger Aided with Flashing Red Light 2,065
(n = 1309)
Westbound Approach Traffic Speeds when Work Zone was Controlled By:
Flagger Only 45.25
Flagger Aided with Flashing Red Light 45.10
iation of W, nd A h Traffi when Work Zon 1l
Flagger Only 3.62
{n =1152)
Flagger Aided with Flashing Red Light 3.16
(n=1212)
Through Traffic Speeds when Work Zone was Controlied By:
Flagger Only 28.6
Flagger Aided with Flashing Red Light 27.6
tandard Deviation of Through Tr. when Work Zone w ntrolled By;
Flagger Only 2.01
(n = 1892)
Flagger Aided with Flashing Red Light 1.77
(n = 2406)




Difference in Eastbound Approach Speed Wh i il
Aided with Flashing Red Light Control
__XP-XR___ __574-55 | 25 = 24
o2 OoRZ 369 2.045 +ooo3er3r 0068
ng nR 1192 " 130D
- significance at 95 perc¢nt level

i G HOAC
with Flgshmg Red Light Control
45.25 - 45.1

0.15

’3 618 3 163
1152 © 1212

. significance at 95 percg

Speeds Through Construction Zone (Both q

28.6 - 27.6

1 6033041 = 1978 > 1.96
nt level
irections)
1
=23.594 > 1.96

[2007 1770 T0.0423844
1892 © 2406

- significance at 95 percq

nt level

E2

ly By Fl

= 35.11 > 1.96

Kl

L



VE g
Mean Queue Size: EB wB
For Flagger Only Controlled Work Zone, x = 1.86 2.04
(n=28) {n = 30)
For Flagger Aided with Flashing Red Light
Controlled Work Zone, xgz = 1.79 1.97
{n=133) (n=24)
For Stop Sign Controlled Work Zone, X g = 1.82 2.00
(n=17) {n=11)
Standard Deviation of Queue Size:
For Flagger Only Controlled Work Zone, o2 1.78 1.78
For Flagger Aided with Flashing Red Light
Controlled Work Zone, og2 1.19 1.7
For Stop Sign Controlled Work Zone, ;2 1.13 1.48
iff i j ] ntroll
Ai with _Flashin i Work Zone
Eastbound
—2E IR A6 LT 535 <196
Ez_ o_R_2_ 1.78 . 1.19
nF + nR 28 33
Difference is not significant at 95 pefcent confidence level.
W un
2=—20 1T _ o149 <19k
, 1.78 N 1.71
30 24
Difference is not significant at 95 pefcent confidence level.
iffer in i Dnly Control and Stop Sign Control
Eastbound
go—2E X8 __ _LBO-1AZ 405 <196
" fopz o524 f__l-"s §13
—_— +
ng ng 28 17
Difference is not signifcant at 95 percent confidence level.
ER3



Westbound

_2.04-2.00

- 178 148 -
N 56+ T

b

Difference is not signifcan

109 <196

k at 95 percent confidence level.

z XF - X§ _ .79 - 1.82 _ 009 <196
oF  ag? L19 1.13
nF | ng 33 17
Difference is not signifcant at 95 percent confidence level.
Westbound
SR X8 _197-2.00 407 (196
R’ o LfL71, 148
R s 247 1

Difference is not signifcan

t at 95 percent confidence level.
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AVERAGE STOP DELAY

|
|
Av lay: !

For Flagger Only Controlled Work Zone, fﬂ:

For Flagger Aided with Flashing Red Light |
Controlled Work Zone, Xgp

For Stop Sign Controlled Work Zone, Xg

Deviation of Aver Del
For Flagger Only Controlled Work Zone, oﬁz

For Flagger Aided with Flashing Red Light -
Controlled Work Zone, 0R2

\
For Stop Sign Controlled Work Zone, o52

EB

28.23
(n=122)

17.77
(n=174)

31.39
{n=133)

EB
34.17

30.21
31.52

Diffi in Aver lay B nly Controlled Work Zon
Flashing Red Light Controlted Work Zon i
Eastbound
___XF- XR___ _2833-1777 15.52 > 1.96
o}::_2+ °R_2 34.17+30.21
nE R 122 174
Difference is significant at 95 percent|confidence level.
Westhound
___XF- XR = _21.46- %7 21 7.57< -1.96
orr  og? 30.34 43.05
g T TR 107 147
Difference is significant at 95 percent|confidence level.
Difference in Average Stop Delay Between Flagger On led W
Work Zone
Eastbound
_——XE_Xs 12923 311 P _ -2.84 < -1.96
op_2 05_2 34.17 . 3]1.52
g + ns 122 33

Difference is significant at the 95 perd

ent confidence level.

Fl

wB

21.46
(n = 107)

27.21
(n = 147)

107.75
(n=24)

WB
30.34

43.05
104.51

Aided with

11



Westbound

Westbound

zZ =
\lcF_zﬁi
nf ns

XE - X§ 11,46 - 107.75

7= = = 40.07 > -1.96
or? ol L3034 10451
aF ¢ ng 107 24

Difference is significant at/the 95 percent confidence level.

-~y

XR- X8 _ _] 77 -31.39 - -12.25 < -1.96

V 417 31.52
12 * 33

Difference is significant at|the 95 percent confidence level.

[ 9]

xR - X b -

’e XR2 Xs -~ - 7121 - 107.75 . _ aac . 196
o2  og 43.05 104.51
ot ns N T2

Difference is significant af the 95 percent confidence level.
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APPENDIX F
FIELD DATA COLLECTION AT SR 2 BRIDGE RAIL TREATMENT
PROJECT




FIELD DATA COLLECTION AT SR 2 BRIDGE RAIL TREATMENT PROJECT

The construction project was located in the vidinity of milepost 33 on State Route (SR) 2. The
westbound approach to the site of the construction projects consists of a 955 foot radius curve whose
point of curvature (PC) is at the west end of the wotk zone. The eastbound approach to the site is
1,000 feet of tangent section. The pre-construction spe¢d limit for the route is 55 mph.

The purpose of the data collection effort at this SR 2 site was to evaluate at least two flagging
techniques (flagger only and temporary traffic signal)] However, due to a last minute refusal by the
contractor to allow further testing, only data on flagger fontrol was obtained at this site.

Table F.1 contains the summary of the data obfained from the SR 2 site. Details of the data are
contained in Tables F.2 and F.3. Since no comparatife data were obtained, this information was not
used to make any judgements or assessments of flagging effectiveness.

Westbound

955 foot Radius Curve whose Point of Curvatufe is at the end of the construction zone.

Eastbound

Target section for a 1000 foot




FIELD DATA COLLECTED AT

Mean Approach
Vehicular Speed (mph)

Mean through Zone
Speed (mph)
Mean Queue Size

Mean Stop Delay (sec)

Vehicular Volume

Date of Field Tests

*where s = standard deviation of the s

TABLE F.1

39}13 (s = 7.25)

23§67 (s = 28.07)

290 (s = 1.24)

842 (s = 13.19)

2
(f

38
r stopped +

(f%Ir all vehicles)

vehicles only)

82

A
Fi

(g

pril 24, 1987
iday
foudy and warm)

hmple data

F-2

2 BRIDGE RAIL TREATMENT PROJECT

Westbound*

4272 (s = 5.74)

22.41 (s = 3.69)

2.56 (s = 2.00)

2537 (s = 27.03)
(for all vehicles)
27.02

(for stopped
vehicles only)

54

April 24, 1987
Friday
(cloudy and warm)



APPENDIX G
SPEED AND ARRIVAL [TIMES FOR TRAFFIC
PROCEEDING THRQUGH WORK ZONE
(SR 2 BRIDGE RAIL PROJECT)




TABLE G.1
SPFEEDS AND ARRIVAL TIMES FOR EASTBOUND TRAFFIC THRQUGH WORK ZONE (SR2
BRIDGE RAIL §ROJECT)
Vehicle Arrival Vehicle Stop Approach Through
Time Delay (sec) Speed (mph) Speed (mph}

9:37.30 0 39 15

9:37:32 0 39 : 15

9:37:35 0 39 15

9:37:42 0 93 15

9:39:47 0 41 21
40:07 13 37 0
40:30 0 48 13
40:42 0 41 14
43:34 6 44 0
44:14 20 44 0
45:14 20 44 0
45:15 12 40 0
45:30 13 29 15
48:24 18 36 0
50:11 0 47 15
50:37 0 48 15
51:33 4 43 0
51:52 0 50 28
52:27 0 44 20
52:44 0 11 18
53.37 0 49 25
53:39 0 49 24
53:42 0 49 21
53:48 0 44 16
53:53 0 46 22
5401 0 45 25
56:05 12 51 10
56:30 0 41 9
56:39 0 46 25
56:45 0 41 25
57:10 41 37 10
5721 31 37 10
58:57 0 52 21
59:02 0 40 25
10:01:05 32 34 10
01:41 0 40 5
04:20 0 41 17
04:54 14 38 10
04:57 13 38 10
05:00 16 38 10
05:00 16 38 10
05:00 16 38 10
05:00 16 38 10

G-1




TABLE G.2
SPEEDS AND ARRIVAL TIMES FOR EAFTBOUND TRAFFIC THROUGH WORK ZONE (SR 2
BRID(E RAIL PROJECT)
Vehicle Arrival Vehicle Stdp Approach Through
Time Delay (sec) Speed (mph) Speed (mph)
9:41:00 0 35 25
9:41:55 35 40 29
9:43:50 15 41 16
9:43:50 15 41 16
9:43:50 15 41 16
9:43:50 15 41 16
45:20 0 42 25
45:55 25 33 1
45:55 25 33 1
47:53 0 42 24
48:10 0 48 24
48:55 35 29 17
48:55 35 29 17
48:55 35 29 17
48:55 35 29 17
48:55 35 29 17
50:05 0 38 23
50:05 0 38 23
50:05 0 38 23
51:28 0 46 25
54:23 0 34 18
54:23 34 35 23
55:40 0 23 18
(9 vehicles)
56:10 0 33 21
(6 vehicles)
57:10 10 51 25
58:25 25 51 29
58:25 25 51 29
58:25 25 51 29
58:25 25 51 29
59:10 d 41 21
10:00:55 20 39 17
00:55 20 39 17
00:55 ] 39 17
01:40 d 43 29
(12:05 15 43 22
02:05 15 43 22
03:35 4(] 33 19
03:35 4 33 19
(4:58 { 43 24
04:58 { 43 24
05:04 11 36 19
G-2




TABLE G.2 (CONTINUED)

Vehicle Arrival Vehicle Stop Approach Through
Time Delay (sec) " 'Speed (mph) Speed (mph)
10:05:04 11 36 19
05:04 11 36 19
05:04 11 36 19
06:58 . 0 47 18
06:58 0 47 18
07:50 )] 51 17
07:50 0 43 22
07:55 0 43 22
08:15 0 41 21
08:15 0 41 21
09:35 0 48 20
10:10 0 44 28
11:40 30 38 18
11:40 30 38 18
12:50 0 43 17
13:10 0 41 27
13:10 0 41 27
13:10 0 41 27
13:10 1] 41 27
13:10 0 41 27
14:55 0 39 21
14:55 0 39 21
15:10 0 48 18
15:35 29 43 16
15:35 29 43 16




TABLE G.3
SPEEDS AND ARRIVAL TIMES FOR WESTBOUND TRAFFIC THROUGH WORK ZONE (SR2

BRID(E RAIL PROJECT)
Vehicle Arrival Approach Through
Time Speed (mph) Speed (mph)
10:23:30 40 26
24:35 46 26
24:35 46 26
25:10 48 24
25:10 48 24
26:30 4 33
27:20 48 21
27:20 48 21
29:20 55 31
31:45 45 27
32:55 34 22
33:45 35 22
33:45 35 22
33:45 35 22
33:45 35 22
35:55 45 24
36:10 45 24
36:10 45 24
36:10 45 24
36:50 45 24
36:50 45 24
38:05 50 2
38.05 50 2
40:00 34 27
40:35 35 27
40:35 35 27
42:50 46 17
42:50 46 24
42:50 37 24
42:50 37 24
44:50 43 24
46:10 50 31
47:20 48 20
(6 vehicles)
48:30 44 23
49:25 40 20
49:25 40 20
52:20 37 26
53:20 35 18
(7 vehicles)




