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SUMMARY OF FINDINGS 

A number of field studies were performed as part of Study 377 to evaluate 
the effectiveness of several candidate signing treatments for short duration 
and stop-and-go maintenance operations on four-lane divided roadways with AADTs 
less than 30,000 vpd. The candidate treatments were compared to a standard 
TMUTCD setup for minor operations on multi-lane divided roadways in terms of 
where dri vers exi ted the closed 1 ane in advance of the work zone. The 
candidate treatments consisted on various static and dynamic signs placed 1500 
ft from the work zone together with an arrow panel (the primary information 
source for drivers approaching the work zone) placed immediately in front of 
the work zone. 

The results of a limited number of initial studies showed that the cone 
taper, placed immediately at the beginning of the work zone, resulted in 
drivers exiting the closed lane farther upstream than when no cone taper was 
present. This was true for all of the candidate signing treatments studied. 
Consequently, subsequent additional studies of the candidate treatments were 
conducted only with the cone taper present at the work site. 

The results of the field studies showed that a Changeable Message Sign and a 
Texas "LANE BLOCKED" sign were most effective in getting drivers to exit the 
closed lane farther upstream from the work zone. This was true both for median 
and shoul der 1 ane closures. These treatments were found to be even more 
effective than the standard TMUTCD setup. 

The setup and removal times for the TMUTCD and Texas "LANE BLOCKED" 
treatments were observed at several maintenance operations in Districts 2 and 
18. These studies showed that the "LANE BLOCKED" treatment required only about 
one-half of the time and 'manpower to ,install and remove that the TMUTCD 
treatment required. 
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IMPLEMENTATION STATEMENT 

Based on the results of the field studies conducted for Study 377, it 
is recommended that either a Changeable Message Sign or a Texas "LANE BLOCKED" 
sign, placed 1500 ft upstream of the work zone, should be used (in conjunction 
with a cone taper and a flashing arrow panel) for traffic control during short 
duration and stop-and-go maintenance operations on four-lane divided highways 
with AADT IS 1 ess than or equal to 30,000 veh i c 1 es per day. As part of th is 
report, guidelines for installing and removing lane closures for short duration 
and stop-and-go maintenance operations are included in Appendix A. 
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1. INTRODUCTION 

The Texas Manual on Uniform Traffic Control Devices (1) (TMUTCD) 
illustrates the traffic control devices and set-ups required for many typical 
highway and street maintenance operations. Generally speaking, the different 
operations are classified into three broad categories; major operations, minor 
operations, and moving operations. Major operations require traffic control 
to direct or warn drivers during both day and night conditions. Minor 
operations last less than one daylight period, and so require traffic control 
to warn traffic during day conditions only. Both major and minor maintenance 
operations generally remain stationary throughout the day. In contrast, 
moving operations are those where the work zone moves during daylight 
.conditions. Moving operations are further subdivided into fast moving 
operations (with average speeds greater than 5 mph) and slow moving operations 
(with average speeds less than 5 mph and/or intermittent stops). 

Many maintenance activities require a very short period of time to 
complete. Often, only 15 to 20 minutes is spent at a particular highway 
location performing the actual maintenance work. At the present time, these 
types of maintenance activities (to be referred to as short duration and stop­
and-go operations in this report) are grouped in with slow moving maintenance 
operations. Specific definitions of the stop-and-go and short-duration 
operations are included in Chapter 2 of this report. 

Statement of the Problem 

At the present time, the TMUTCD definition of slow moving maintenance 
operations encompasses the short duration and stop-and-go operations. 
However, traffi c control requ i rements for these types of ope rat ions are not 
well defined, especially when these operations must be performed on high-speed 
divided facilities. Consequently, maintenance officials often use the traffic 
control set-up specified in the TMUTCD for a major or minor maintenance lane 
closure when they have to close a highway travel lane for maintenance 
operations that last only 15 to 20 minutes at a particular location on a 
highway. The actual placement of the advanced warning signs and the 
channelizing devices that are part of the lane closure set-up often takes 
longer than the actual work activity to be performed. 

The traffic control requirements for short duration and stop-and-go 
maintenance operations should be portable, inexpensive, and effective in 
directing vehicles out of the closed travel lane (,2.). The need exists to 
develop a reduced traffic control set-up for short duration and stop-and-go 
maintenance operations that is portable and still effective in directing 
drivers safely and efficiently through the maintenance operations on multilane 
divided highways. 

1 
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Study Objectives 

The specific objectives of the study were as follows: 

1. Based on an ana'-ysis of driver information and traffic control 
requirements for short duration and stop-and-go maintenance 
operations, develop reduced candidate traffic control set-ups 
(configurations) for these types of maintenance operations on 
multilane divided roadways. Due to limited study funds and time 
frame, these candidate configurations were 1 imited to maintenance 
operations on four-lane divided highways with traffic volumes equal 
to or less than 30,000 AADT. 

2. Conduct field studies at actual maintenance operations on four-lane 
divided highways to evaluate the effectiveness of the candidate 
configurations in directing drivers out of the closed travel lane. 

3. Conduct field studies to assess the potential benefit to the 
Department in implementing one of the acceptable candidate lane 
closure traffic control set-ups with reduced traffic control 
devices. 

4. Based on the results of the field studies, develop guidelines 
regarding the use of reduced traffic control for short duration and 
stop-and-go lane closures on four-lane divided highways. 

2 



2. BACKGROUND 

Definitions 

The TMUTCD classifies maintenance and construction operations into three 
broad categories: 

1. Major Operations 

2. Minor Operations 

3. Moving Operations 

The definitions were updated in the Traffic Control Plan (TCP) Training Guide 
(~) included with the new TCP Plan Sheets transmitted to the SDHPT Districts 
in January 1986. 

Major Operations 

A work zone that will require traffic control devices to warn or direct 
traffic during both daylight and/or nighttime conditions. 

Minor Operations 

A work zone that will require traffic control devices to warn or direct 
traffi c duri ng dayl i ght peri ods only. At the end of each workday, a 11 
work zone traffic control devices should be removed from the view of all 
motorists and no unusual conditions or hazards should exist that require 
advance warning to the driving public. The TMUTCD also specifies that 
minor operations on roadways with high traffic volumes and high speeds 
should be considered as major operations. 

Moving Operations 

A work activity that requires work vehicles and the work zone to move 
during daytime conditions. This category is further subdivided into the 
following classifications. 

Fast Moving Operations 
of 5 mph or more. 

A work activity that maintains an average speed 

Slow Moving Operations -- A work activity that maintains an average speed 
of less than 5 mph. This type of operation may involve intermittent stop 
conditions of no longer than 2 hours. 

3 
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This definition of slow moving operations encompasses a wide range of work 
activities and operations. For purposes of this research, it was necessary to 
develop more precise definitions and further subdivide this category. Based 
on telephone conversations with several SDHPT District Maintenance Engineers, 
the following definitions were developed. 

Short Duration Operations -- A work activity of approximately 20 minutes or 
less in duration that is performed at only one location on a roadway. 

Stop-and-Go Operations -- A work activity of approximately 20 minutes or 
less in duration that is performed at more than one location on a roadw~. 

Figure 2-1 illustrates both a short duration and a stop-and-go maintenance 
operation. For Case I (short duration) of Figure 2-1, note that only one work 
activity is performed on the roadway. As long as the work activity lasts less 
than 20 minutes, the work zone could be classified as a short duration 
maintenance operation. However, if the work crew makes more than one stop of 
up to 20 minutes at each stop on a particular highway, as depicted in Case II 
of Figure 2-1, then the work zone would be classified as a stop-and-go 
maintenance operation. The primary distinguishing factors between these two 
types of operations, then, is the number of stops that a work crew makes on a 
section of highway. 

Based on the above new defi nit ions, the fo 11 owi ng represents a rev i sed 
classification of maintenance operations for the sake of discussion in this 
report. 

1. Major Operations 

2. Minor Operations 

3. Short Duration Operations 

4. Stop-and-Go Operations 

5. Moving Operations 

Table 2-1 provides a list of some of the regularly performed maintenance 
activities, categorized based on the above classification. 

Characteristics of the Different Maintenance Operations 

There are several key distinguishing characteristics that help explain the 
differences between the different types of maintenance operations. Table 2-2 
summar; zes some of these characteri st i cs. Note from th is table that the 
number of vehicles and the number of vehicles used for each type of operation 
are approximately the same. 

4 



HWY Xy_ 

ON OF 
RATION 

CASE I. ILLUSTRATI 
A SHORT DU 
MAINTENANC 
OPERATION 

E 

FM ABC --

HWY Z - -

CASE II. ILLUSTRATION OF 
A STOP-AND-GO 
MAINTENANCE 
OPERATION 

FMABC __ 

< 
r.:I 
Eo< 
< 
Eo< 
Ul 
~ 
r.:I 
Eo< 
Z .... 

UI' I I ' I 

I 
I 

I 
I 
I , 
:~ 
I , 
I 
I , , 
I 

I : I It:t I 

I~~" I : I 

, 

Wor k Acti vi ty -­
roximately 
Minutes or Less 

/'" App 
20 

',P.lII ___ ~""" Work Acti vi ty --
" Approximately 

20 Minutes or Less 
at Each Location 

I I I It It I 
Figure 2-1. Illustration of Short Duration and Stop-and-Go Maintenance 

Operations. 

5 



TABLE 2-1. CLASSIFICATION OF TYPICAL WORK ACTIVITIES 

Type of Operation 

Major or Minor Maintenance 

Short Duration Maintenance 

Stop-and-Go Maintenance 

Moving Maintenance 

Typical Work Activities 

- Pavement Repairs (Concrete) 
- Utility Construction 
- Long-Term Pavement Repairs 

- Inspection of Drainage Structures* 
- Relamping of Street Lights and 

Signals* 
- Servicing of Litter Barrels* 
- Treatment of Pavement Bleeding 

(with sand) 
- Guardrail Maintenance* 

Measurement of Bridge Clearance 

- Temporary Pothole Patching 
- Crack Sealing 
- Planning or Profiling Pavement Bumps 
- Shoulder Maintenance* 
- Cleaning of Traffic Signs* 

- Roadway Inspection 
- Mowing 
- Herbicide Spraying 
- Blading of Shoulders 
- Snow Plowing/Sanding 
- Sweeping/Vacuuming 
- Pavement Striping 
- Raised Pavement Marker Replacement 

* Work activity is usually performed on the shoulder. Only in unusual 
conditions will a lane closure be required. 
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TABLE 2-2. CHARACTERISTICS OF MAINTENANCE OPERATIONS 

CHARACTER I STICS MAJOR MINOR SHORT DURATION STOP-AND-GO MOVING 

Time Duration > 1 day1 ight ~ < 1 day1 ight 15 to 20 minutes 15 to 20 minutes < 5 minutes 
period period 

Mobility Stationary Stationary Intermittent stops Intermittent stops Continuously 
(different highway) (same highway) 

Number of Work More than 3 More than 3 2 to 3 2 to 3 2 to 3 
Vehicles 

Number of More than 4 More than 4 2 to 4 2 to 4 2 to 4 
Personnel 

Time Spent Varies Varies 15 to 20 minutes 15 to 20 minutes None 
Outside Vehicle 

Type of Equipment Heavy Heavy Hand Operated; Hand Operated; Mobile 
equipment equipment small tools sma 11 too 1s (paint striper) 

Required Traffic 3 static signs; 3 static signs; (Not covered (Not covered Caravan; arrow 
Control channelizing channelizing in MUTCD) in MUTCD) pane 1; signing' 

devices;arrow devices; arrow (opt iona 1) 
panel panel 



The most significant differences among operations can be found in the mobility 
and worker exposure (measured as the time spent outside the work vehicles) 
characteristics. Moving maintenance operations move continuously down a 
travel lane or lanes at speeds typically from 5 to 15 mph. With proper 
p 1 ann i ng, very few stops are requ i red to complete the act i vi ty . I f stops do 
occur, they are generally unscheduled and may be due to mechanical difficulty 
or inadequate supplies. The duration of the stops have been observed to range 
from momentary to more than one hour (!). The work crew performs the majority 
of the work task from inside the maintenance vehicles and is usually not 
outside the vehicles exposed to oncoming traffic for substantial lengths of 
time. 

On the other hand, major and minor maintenance operations are typically 
stationary and require more time and equipment to perform the work activity. 
For the most part, the maintenance personnel must perform the work task while 
outside of the work vehicles. Thus, the exposure to the work crew to oncoming 
traffic is usually greater in these types of maintenance operations. 

Short duration and stop-and-go operations have some characteristics of both 
minor operations and moving operations. Like moving operations, short 
duration and stop-and-go operations are relatively mobile. Usually, these 
types of operations can be completed in a short period of time, typically less 
than 20 minutes. Once the work activity has been completed at a location, the 
maintenance crew moves to the next work location, whether it is downstream on 
the same roadway (as in a stop-and-go operation) or located on a different 
roadway (as in a short duration operation). On the other hand, these 
operations also have similarities to minor operations. For example, when the 
work crew is at a gi ven 1 ocat ion, the types of tasks performed in short 
duration and stop-and-go operations often require the workers to be out of the 
vehicles and physically exposed to oncoming traffic. However, the amount of 
time that they are exposed to traffic at anyone location is relatively short. 

Traffic Control Requirements for Short Duration and Stop-and-Go Maintenance 
Operations 

Because the work activity for minor operations is primarily stationary and 
because worker exposure to traffic is fairly high, the traffic control that is 
typically used with a minor maintenance operation is relatively extensive. An 
example of the traffic control plan for a minor operation on a multilane 
divided facility is shown in Figure 2-2. The TMUTCD specifies that three 
static advance warning signs and a cone taper be used to close a travel lane. 
The TMUTCD also states that a flashing arrow panel may be used as part of the 
traffic control; however, it should be used to supp.lement the other traffic 
control devices (1). 

Traffic control for moving maintenance operations on multilane divided 
roadways is portable and consists of relatively few traffic control devices. 
As shown in Figure 2-3, the traffic control plan for a moving operation 
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Figure 2-2. 

NOTES: 
1. Taper Formula: 

L = S x W for speeds of 
45 or more. 

L = WS' for speeds of 40 
60 

or less. 

Where: 
L = Minimum length of 

taper. 
S = Numerical value of 

posted speed limit 
prior to work or 85 
percentile speed. 

W = Width of offset 
2. The maximum spaCing b&­

tween channelizing de­
vices in a taper should be 
approximately equal in 
feet to the speed limit 

3. Flashing warning lights 
and/or flags may be used to 
call attention to the ad­
vance warning signs and/or 
equipment. 

4. All distances and spacings 
shown are approximate. 

5. The word UTILITY may be 
substituted for ROAD in all 
signs where applicable. 

6. One or more flaggers to be 
used where traffic. road 
conditions. or terrain war­
rant their use. 

Posted X 
Speed or Min. 

85% Speed Distance 
(MPH) (feet) 

30 or-less 80 
35 100 
40 160 
45 240 
50 300 
55 500 

KEY: 

I 
! 
I 

•• CHANNELIZING DEVICES 
& OPTIONAL 

TMUTCD Traffi c Control Pl an for Mi nor Operati ons on ~1ul ti -1 ane 
Divided Roadways. 
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Figure 2-3. 

Work 
VehioW 

SlulCiow 
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#2 

Slu.~"" 
\" .. hiel .. 

#1 
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-

NOTES: 

1. Vehicles used for these opera­
tions should be made highly 
visible with appropriate equip­
ment, such as: /lashing lights. 
rotating beacons. /lags. signs and 
/lashing or sequencing arrow 
panels. Also. it may be desirable 
for other traffic control devices 
such as cones and barrie-ades to 
be C"olrried on the vehicle for ,;se 
in controlling traffic. 

2. Shadow Vehicle #2. when used. 
should be equipped with a /lash­
ing or sequencing arrow board. 

3. Shadow Vehicle # 1 should be 
equipped with a flashing or 
sequencing ,trrOW board and an 
advance warning sign. Sign 
should be. mounted on rear of 
vehicle so as not to ohscure /Ia.h­
ing arrow. 

4. Shadow vehicle # 1 should nor­
mally stay upstreum of uny queue 
of vehicles that may develop so 
that oncoming vehicles may he 
warned of the rond work uhl"ad. 

5. Work should normullv hl" ac­
complished during 'olr-pl"ak 
hours. 

THUTCD Traffic Control Plan for Moving Operations on Multi-'Iaile 
Divided Roadways. 
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consists of a caravan of vehicles, delineated with flashing lights, rotating 
beacons, flags, signs, and a flashing or sequencing arrow panel (1). Here, 
the arrow panel has become the primary traffic control device due to its high 
target value and legibility distance (!J. As stated previously, workers 
generally perform moving maintenance work from within the vehicle and so are 
not directly exposed to moving traffic for substantial lengths of time. 

The type of traffic control devices to be used in a short duration or stop­
and-go operation should reflect characteristics from major or minor as well as 
moving maintenance operations. In terms of portability and ease of 
installation and removal, the traffic control for short duration and stop-and­
go operations should reflect that of a moving operation. In terms of 
providing driver information and promoting work safety, the traffic control 
should be similar to major or minor maintenance operations. Ideally, short 
duration or stop-and-go maintenance traffic control should be composed of as 
few devices as possible while still providing adequate worker safety and 
driver information. Also, since a short duration and stop-and-go maintenance 
operation exhibit many of the same types of characte"ristics, it is assumed for 
purposes of this research that the same traffic control plan could be used for 
both types of operations. 

Given the above broad description of traffic control needs for short 
duration and stop-and-go operations, the next step becomes deciding which and 
how many specific traffic control devices (signs, channelizing devices, etc.) 
are really necessary for these types of operation. The concept of Positive 
Guidance, developed by Alexander et. al. (~) provides a theoretical basis for 
identifying necessary driver responses in advance of a work zone. In turn, it 
is then possible to hypothesize appropriate types and locations of information 
to promote proper responses and minimize undesirable actions or consequences. 
A discussion of Positive Guidance and its application to driver information 
requirements at work zone lane closures on multilane highways is included in 
Appendix A. 

Based on the analysis of Positive Guidance and driver information 
requirements at work zones, a traffic control set-up was developed for a short 
duration or stop-and-go operation that consists of an arrow panel located at 
the beginning of the work zone, coupled with an advance warning sign 1500 ft 
upstream of the work zone. Research has shown the arrow panel to be the 
primary source of information to drivers approaching moving maintenance 
operat ions and may be the pri mary source of i nformat i on when it is used for 
major or minor work zone operations (!,Q,Z,~). Consequently, it was 
hypothesized that the arrow panel would serve as the primary source of 
information to drivers for short duration and stop-and-go operations, while 
the other traffic control devices would supplement the arrow panel, informing 
drivers that they are approaching a hazard and reinforcing the implied 
maneuver warning information of the arrow panel. 

To evaluate the proposed traffic control model for short duration and stop_· 
and-go operations, a series of field studies were conducted at a number of 
work zone locations on rural or suburban four-lane divided highways. The 
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studies were designed to determine which advance warning sign(s) were most 
effect i ve, when used wi th the arrow panel, in gett i ng dri vers to exi t the 
closed lane upstream from the work zone. The studies were also designed to 
determine whether it was necessary to use a cone taper with the arrow panel 
and advance warning sign(s). Traffic 'control set-up and removal time and 
effort could be reduced significantly if a cone taper was not used. The next 
chapter presents the study approach to these field studies, while the results 
of the field studies are presented in Chapter 4. 
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3. STUDY APPROACH FOR EVALUATING THE EFFECTIVENESS OF PROPOSED 
SHORT DURATION AND STOP-AND-GO TRAFFIC CONTROL 

A series of field studies were conducted to evaluate six candidate 
advance warning sign configurations for use at short duration or stop-and-go 
maintenance operations on four-lane divided highways where it is necessary to 
close a travel lane. These configurations used fewer advance warning signs 
than are included in a standard TMUTCD configuration for a minor maintenance 
operation, and so were expected to require less set-up and removal time than 
the TMUTCD configuration. The purpose of the field studies was to compare the 
effectiveness of each candidate configuration to the standard TMUTCD set-up in 
terms of safely encouraging drivers to exit the closed lane in advance of the 
work activity. The studies were also used to determine if it was necessary to 
use a cone taper with the arrow panel and candidate signing configurations. 

The standard TMUTCD set-up for minor freeway maintenance work 
a lane closure) consisted of three static advance warning signs, a 
and an arrow panel placed behind the cone taper in the closed lane. 
1 presents a schematic diagram of the layout of this set-up. 

(involving 
cone taper 
Figure 3-

The fi rst sign a dri ver encounters when approach i ng a work zone is a 
"ROAD WORK AHEAD" sign (CW21-4D), located 1500 ft from the cone taper, which 
informs drivers that some type of road work exists ahead. This sign does not 
provide any specific information about the closure itself. 

The next sign encountered, 1000 ft from the cone taper, is the 
"RIGHT/LEFT LANE ClOSED AHEADII sign (CW20-5D), which provides the driver 
information that 1) the work zone ahead is a lane closure, and 2) the closure 
is either a left or right lane closure. 

The final advance warning sign in this set-up is the symbolic lane closed 
sign (CW4-2). This sign, located 500 ft from the cone taper, illustrates to 
drivers in the closed lane that a lane change maneuver must be performed. 

The cone taper, located after the advance warning signs, is used to 
direct drivers out of the closed lane, and identifies the last location at 
which the lane change maneuver out of the closed lane may be performed. 

In the standard TMUTCD set-up, the function of the arrow panel is to 
supplement the other traffic control devices. The panel can be located either 
adjacent to the beginning of the cone taper or behind the taper in the closed 
lane. For purposes of this research, the arrow panel was located behind the 
cone taper. 
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Posted X 
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(MPH) (feet) 
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35 120 
40 160 
45 240 
50 320 
55 500 
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i 
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I 
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Figure 3-1. TMUTCDTraffic Control Plan for Minor Operations on Multi-lane 
Divided Highways. 
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Description of the Candidate Signing Configurations 

Six different signing configurations were developed by TTl to be studied. 
Each configuration was to be evaluated with and without a cone taper in place 
in advance of the work zone 1 ane closure. As stated in Chapter 2, it was 
hypothesized that the arrow panel would be the primary source of information 
to drivers at the work zone, and so would be used under all candidate signing 
and cone taper conditions. A brief description of each candidate 
configuration is provided below. 

Alternative 1 -- "ROAD WORK AHEAD" 

For this configuration, dual "ROAD WORK AHEAD" signs were placed 1500 ft 
upstream from the beginning of the cone taper. This sign provides 1 ittle 
information about the closure, and only indicates that some type of road work 
exists ahead. This configuration relies on the flashing arrow panel in the 
cone taper to inform the driver that the lane is closed and that he must be in 
the open lane when he reaches the work zone. Figure 3-2 provides a schematic 
diagram of this treatment. 

Alternative 2 -- "RIGHT/LEFT LANE CLOSED AHEAD" 

This configuration involved placing dual "RIGHT/LEFT LANE CLOSED AHEAD" 
signs 1500 ft from the beginning of the cone taper. In this configuration, 
these signs are located 500 ft farther upstream than where they are located in 
the standard TMUTCD set-up for minor maintenance operations. This sign uses 
a word message to reinforce the information about which lane is closed that is 
implied by the arrow panel. Figure 3-3 illustrates this treatment. 

Alternative 3 -- Symbolic Lane Closure 

In this configuration, symbolic lane closed signs were placed on each 
side of the travel lanes 1500 ft in advance of the cone taper. This sign 
reinforces the message of the arrow panel to exit the closed lane. When 
coupled with the arrow panel, information about the proper driver response to 
the work zone is provided farther upstream than the standard TMUTCD set-up. 
The information provided by this sign is similar to that of the word message 
in Alternative 2, but is presented visually in this configuration. A 
schematic diagram of this treatment is provided in Figure 3-4. 

Alternative 4 -- Changeable Message Sign 

For alternative 4, a portable changeable message sign (CMS) was placed 
1500 ft upstream from the cone taper. Due to their high target value, these 
devices can be seen farther upstream than static signs. In addition, a sense 
of urgency is implied because of the flashing of the message. 
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In this study, a three-line CMS was used at all of the study sites. The 
message displayed by the CMS was: 

ROAD 
WORK 
AHEAD 

RIGHT/LEFT 
LANE 
CLOSED 

Thus, the same information contained on the first two static signs of the 
TMUTCD set-up was displayed to the driver by one traffic control device. 
Figure 3-5 is the schematic diagram of this treatment. 

Alternative 5 -- "LANE BLOCKED" Sign 

The Texas "LANE BLOCKED" sign (CW20-6) was originally designed for moving 
maintenance (!) operations. This sign is larger than a normal static TMUTCD 
advance warning sign (7-ft by 7.5-ft) and so can be seen by drivers ·farther 
upstream. The sign provides clear and concise information about which lane is 
temporarily closed and whi ch 1 ane is open to traffi c through the work zone. 
The colors used for the sign are black 1 etters on an orange background, 
consistent with the color coding signifying construction or maintenance work 
activity. As with all of the other signing configurations, this sign was 
placed 1500 ft upstream from the cone taper. Figure 3-6 presents the 
schematic diagram of this candidate signing configuration. 

Alternative 6 -- Expanded TMUTCD 

At the request of the Federal Highway Administration, the final signing 
configuration tested in the field studies was an expanded version of the 
TMUTCD set-up. This configuration involved moving all three of the TMUTCD 
advance warning signs 500 ft farther upstream than their current position. In 
addition to moving the signs, a second set of symbolic lane closure signs were 
inserted 500 ft from the cone taper. In this configuration, drivers are 
presented with the more important information about which lane is closed 500 
ft farther upstream than under the standard TMUTCD set-up. Figure 3-7 
illustrates the layout of this signing configuration . 
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Data Collection Methodology 

Two types of data were collected during the field studies. . Traffic 
volumes were recorded at five locations upstream of the work zone. The first 
location (labeled "station 1") was positioned approximately 2500-3000 ft 
upstream from the cone taper. Thi s station was assumed to be upstream from 
the effects of the signing configurations, and so was used as a control 
location for each site. The remaining locations ("stations 2, 3, 4, and 5") 
were positioned 1500 ft, 1000 ft, 500 ft, and 0 ft from the beginning of the 
cone taper. An example of where lane distribution data were collected at one 
of the study sites is shown in Figure 3-8. 

In addition to traffic volumes, videotape recordings were made of traffic 
approaching the work zone. Data were collected at and just upstream of the 
cone taper from a bucket truck or other vantage point. 

Data were collected one hour at each site for the TMUTCD and each of four 
candidate treatments for a total of five hours per site. Data were collected 
only during the daylight, off-peak periods. 

Measures-of-Effectiveness 

The primary MOE used to evaluate the signing configurations was the 
proportion of traffic volumes (measured at the various stations upstream from 
the work zone) that was st ill in the closed travel 1 ane. Compari sons were 
made of the proportion remaining in the closed lane for the candidate signing 
treatments to the standard TMUTCD treatment. For a candidate treatment to be 
considered effective, the proportion of traffic in the closed lane at stations 
2, 3, and 4 had to be as low as that observed for the standard TMUTCD 
treatment. 

The other MOE used in thi s study was err at i c manuevers recorded at or 
approach i ng the work zone. Errat i c maneuvers were class i fi ed accord i ng to 
their severity and type of manuever performed. For this evaluation, the more 
severe types of conflicts or maneuvers were considered, such as impacts with 
the cone taper or other traffic control devices and severe vehicle braking or 
skidding to avoid hitting a traffic control device or other vehicle. 

Experimental Design 

Originally, a two-phase study was proposed. In the first phase, the 
candidate signing treatments would be evaluated and compared to the standard 
TMUTCD treatment with a cone taper in place at the work zone. In the second 
phase, the candidate and standard TMUTCD treatments would be evaluated without 
a cone taper present at the work zone. 
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Several factors were expected to have an effect upon the data that would 
be collected to evaluate the TMUTCD and candidate signing configurations as 
we 11 as the effect of the cone taper. I twas felt that the type of 1 ane 
closure (left lane, right lane), site specific factors (i.e., sight distance, 
geometrics, etc.), and time-of-day variations would all possibly affect the 
study results. 

Four field studies were initially conducted of the six candidate signing 
treatments. For each study, the standard TMUTCD and four of the six 
treatments were studied. Two of the studies were of a right lane closure and 
two of a left lane closure. Also, one of each of the right and left lane 
studies were conducted with and without a cone taper in place. Sight distance 
restrictions at the two other sites limited the studies to the signing 
confi gurat ions wi th the cone taper in place. For each study, data were 
co 11 ected for one hour wi th each of the TMUTCD and four of the cand i date 
sign i ng confi gurat ions in advance of the work zone. The characteri st i cs of 
these initial study sites are given in Table 3-1. Table 3-2 presents the 
candidate signing treatments and cone taper condition (with, without) examined 
at each of these studies. 

Based on the results of these initial studies (see Chapter 4), it was 
decided to abandon further analysis of the treatments without a cone taper, 
due to concerns about driver and worker safety. Also, the initial list of six 
treatments was trimmed to the following four configurations: 

1. "ROAD WORK AHEAD" sign 

2. Symbolic Lane Closure sign 

3. CMS 

4. Texas Lane Blocked sign 

An experimental design was developed of the four remalnlng candidate 
treatments, accounting for the factors listed previously (type of closure, 
study site, time-of-day), and incorporating the initial studies already 
conducted. A 1 at in square des i gn was proposed for both 1 eft 1 ane and r; ght 
lane closures. For each study, the sequence of configurations would be 
changed from site to site to allow all configurations to be evaluated at each 
hour in the data collection day. Table 3-3 presents the experimental design 
for this study. 
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TABLE 3-1. SUMMARY SITE CHARACTERISTICS FOR INITIAL STUDIES 

SITE 1 SITE 2 SITE 3 SITE 4 

Location IH-35W, Near IH-35W, North IH-30, West of IH-30, Near 
Grandview of IH-820 IH-820 US-80 

Date 4/9 - 4/11/85 5/21/85 8/20 - 8/21/85 8/28/85 

AADT 10,000 vpd 28,000 vpd 30,000 vpd 30,000 vpd 

Area Rural Rural Rural Rural 

Sight Distance > 1/2 mile 1600 feet > 1/2 mile > 1/2 mile 
N 
0"'1 Vertical Alignment Slight Upgrade Upgrade Slight Downgrade Downgrade 

Horizontal Alignment Straight Right Curve Straight S-Curve 

Maintenance Activity Pothole Patching Concrete Repairs Shoulder maint. Shoulder maint. 
/pavement repair 

Lane Closed Shoulder Median Median Shoulder 

Treatments Studied 
Without Cone Taper Yes No Yes No 

AADT = Annual Average Daily Traffic 
vpd = vehicles per day 



TABLE 3-2. SUMMARY OF CANDIDATE TREATMENTS EXAMINED 
IN INITIAL FIELD STUDIES 

Site 1 Site 2 Site 3 
With W/O With W/O With W/O 

Treatment Cone Cone Cone Cone Cone Cone 
Taper Taper Taper Taper Taper Taper 

TMUTCD X X X X X 

"ROAD WORK 
AHEAD" X X X X X 

"RIGHT/LEFT 
LANE CLOSED 

AHEAD" X X 

Symbolic Lane 
Closed X X X 

CMS X X X X X 

"LANE BLOCKED" X X X X X 

Expanded TMUTCD 

X denotes treatment was studied 

- denotes treatment was NOT studied 
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With W/O 

Cone Cone 
Taper Taper 

X 

X 

X 

X 
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TABLE 3-3. EXPERIMENTAL DESIGN FOR FIELD STUDIES 

Shoulder Lane Closures: 

Study No. 
Sequence 1 2 3 4 5 6 

1 TMUTCD LB RWA SYM CMS LB 

2 RWA CMS TMUTCD CMS LB SYM 

3 SYM SYM CMS LB TMUTCD RWA 

4 CMS RWA LB TMUTCD SYM TMUTCD 

5 LB TMUTCD SYM RWA RWA CMS 

Median Lane Closures: 

Study No. 
Sequence 1 2 3 4 5 6 

1 TMUTCD LB CMS SYM RWA LB 

2 RWA CMS LB TMUTCD SYM TMUTCD 

3 SYM SYM TMUTCD CMS LB RWA 

4 CMS RWA RWA LB TMUTCD SYM 

5 LB TMUTCD SYM RWA CMS CMS 

Note: 

TMUTCD = Standard TMUTCD RWA = "ROAD WORK AHEAD" 
SYM = Symbolic Lane Closed CMS = Changeable Message Sign 

LB = Texas "LANE BLOCKED" Sign 
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Study Site Selection and O'escription 

A seri es of fi e 1 d studies was conducted at rural and suburban freeway 
work zones in Districts 2 (Ft. Worth) and 18 (Dallas). The study sites were 
selected with help from District Maintenance Engineers. The criteria for 
selecting study sites were as follows: 

1. Relatively low traffic volumes (Le., AADTs that were equal to or 
less than 30,000 vpd), so that queues would not form upstream of the 
work zone when a travel lane was closed. 

2. Adequate sight distance of at 1 east 1500 ft to the arrow panel 
(beginning of the lane closure). 

3. Each site had to have an actual maintenance work activity being 
performed and a reason to have a travel lane closed. In addition, 
the actual work activity had to be located a considerable distance 
downstream of the lane closure and cone taper. 

Table 3-4 identifies the study sites used by date of study, highway, 
location, site conditions, and work activity. 
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TABLE 3-4. SUMMARY OF STUDY SITE CHARACTERISTICS 

Lane Sight Vertical Horizontal Maintenance 
Study Number Location Date Closed Area Distance Alignment Alignment Act ivity 

1 IH-35W. Near Grandview 4/9/85 Shoulder Rural > 1/2 mi. Slight Straight Pothole 
Upgrade Patching 

2 IH-35W. North of IH-820 5/21/85 Median Rural > 1/4 mi. Upgrade Right Curve Concrete 
Repairs 

3 IH-30 WB. West of IH-820 8/21/85 Median Rural > 1/2 mi. Slight Straight Shoulder 
Downgrade Repairs 

4 IH-30 EB. Near US-80 8/28/85 Shoulder Rural > 1/2 mi. Downgrade S-Curve Pavement 
Repairs 

5 IH-30 EB. Near US-80 8/29/85 Shoulder Rural > 1/2 mi. Downgrade S-Curve Pavement 
Repairs 

w 6 IH-45 SB at Mars Rd. 7/22/86 Shoulder Rural > 1/2 mi. S 1 i ght Straight Pavement 0 
Upgrade Repairs 

7 IH-45 SB at Mars Rd. 7/23/86 Median Rural > 1/2 mi. Slight Straight Pavement 
Upgrade Repairs 

8 US-75 SB at Wi lmeth Road 7/29/86 Median Rural > 1/2 mi. Slight Straight Shoulder 
Upgrade Repairs 

9 US-75 SB at Wilmeth Road 7/30/86 Median Rural > 1/2 mi. Slight Straight Shoulder 
Upgrade Repairs 

10 US-75 SB at Wilmeth Road 8/19/86 Shoulder Rural > 1/2 mi. Slight Straight Pavement 
Upgrade Repairs 

11 US-75 SB at Wilmeth Road 8/20/86 Shoulder Rural > 1/2 mi. S 1 i ght Straight Pavement 
Upgrade Repairs 

12 US-75 NB at FM-543 8/21/86 Median Rural > 1/2 mi. S 1 i ght Straight Shoulder 
Upgrade Repairs 



4. RESULTS OF CANDIDATE SIGNING TREATMENT EVALUATIONS 

Initial Study Results 

As stated in Chapter 3, four field studies were initially conducted to 
evaluate six candidate signing configurations with and without the cone taper 
present. Because of sight distance restrictions at sites 2 and 4, it was not 
possible to evaluate the signing configurations without the cone taper at 
these sites. Also, the TMUTCD and only four of the six candidate 
configurations could be studied on any given day at a particular study site. 
Despite these 1 imitations, the initial studies provided useful information 
regarding the relative performance characteristics of the candidate signing 
configurations and the effect of the cone taper in advance of the work zone 
lane closure. On the basis of these initial res'ults, the list of candidate 
configurations was reduced to four treatments, and the decision was made to 
abandon further field studies of the signing treatments without the presence 
of the cone taper. 

Cone Taper Effects 

The results of the field studies at sites 1 and 3 show that, regardless of 
the candidate treatment in place, drivers tended to exit the closed lane 
farther upstream when the cone taper was in place. This is illustrated 
graphically in Figure 4-1, which shows the proportion of the closed lane 
traffic volumes which was still in the closed lane at 1500 ft, 1000 ft, and 
500 ft before the cone taper for the CMS signing treatment. For both median 
and shoulder lane closures, the proportion of drivers remaining in the closed 
1 ane at the vari ous 1 ocat ions was greater wi thout the cone taper in place, 
suggesting that more drivers exited the closed lane farther upstream when the 
cone taper was present. The performance of .the TMUTCD treatment with a cone 
taper present is i ncl uded in each graph for compari son purposes. Simil ar 
figures for the other candidate treatments examined with and without a cone 
taper are shown in Appendix C. In nearly all cases, the trends were the same; 
the presence of the cone taper resulted in dri vers exiting the closed 1 ane 
farther upstream than when the cone taper was not in place. 

During one study without the cone taper present, a severe erratic manuever 
was observed. A tractor-trailer truck locked its brakes and skidded to a stop 
just before running into the arrow panel. This incident prompted TTl and 
SDHPT officials to reconsider whether to continue field studies of the signing 
confi gurat ions wi thout the use of a cone taper. After cons i derat i on of the 
data collected and experiences at the study site, it was decided that future 
studies would be limited to the candidate treatments with the cone taper in 
place. 
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(Sites 1 and 3). . 
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Evaluation of Candidate Signing Treatments 

The initial studies also provided useful information about the relative 
performance of the candidate treatments in terms of their ability to influence 
drivers to exit the closed travel lane. Figures 4-2 through 4-5 present a 
site by site comparison of the TMUTCD and candidate signing treatments (with a 
cone taper present) examined at that site. Those treatments that resulted in 
fewer dri vers rema in i ng in the closed 1 ane were cons i dered to be the most 
effective. The relative rankings of the treatments examined at each site are 
shown in Table 4-1. Overall, the innovative "LANE BLOCKED" and CMS treatments 
were generally the most effective. The "ROAD WORK AHEAD" treatment, on the 
other hand, consistently ranked the poorest. The "RIGHT/LEFT LANE CLOSED 
AHEAD", Symbolic Lane Closed sign, and expanded TMUTCD treatments all 
generally performed similarly when compared to each other and to the standard 
TMUTCD set-up. 

After the analysis of the data from these four studies, it was apparent 
that the performance of the "RIGHT/LEFT LANE CLOSED AHEAD" and Symbolic Lane 
Closure treatments were quite similar. This was expected, since both signs 
provide the same type of information, one in a word format and the other in a 
visual format. Consequently, it was decided that it was not necessary to 
continue evaluation of both of these treatments, and so the "RIGHT/LEFT LANE 
CLOSED AHEAD" treatment was removed from further analysis. 

In addition, the evaluation of the expanded TMUTCD treatment was abandoned 
after these initial studies. This treatment involves the set-up and removal 
of more signs than even the standard TMUTCD set- up. The eva 1 uat i on of th is 
treatment at site 4 did not suggest that it was any more effective than any of 
the other treatments, except for the "ROAD WORK AHEAD" treatment. Since the 
objective of this research was to develop and evaluate reduced traffic control 
treatments for short duration and stop-and-go operations, it was decided to 
discontinue additional study of this treatment. 

Results of Complete Evaluation of Candidate Signing Treatments 

Eight additional studies were conducted and combined with the data from the 
four initial studies. The additional studies were limited to the analysis of 
the TMUTCD and four candidate treatments ("ROAD WORK AHEAD," Symbol ic Lane 
Closed, CMS, and Texas "LANE BLOCKED") with a cone taper in place at the work 
zone. The results of the analysis of the combined data are presented below. 

Median Lane Closure 

Table 4-2 presents the average proportion of traffic in the closed lane 
at the data collection stations upstream of the work zone for those sites 
where the median lane was closed to traffic. At the data collection location 
3000 ft from the cone taper (station 1), the proportion of traffic in the 
closed lane was found to be very similar for all (the TMUTCD and candidate) 
treatments, and ranged from 30.7 to 32.8 percent. A Chi-Square test of the 
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TABLE 4-1. RANKING OF TREATMENTS BY LANE DISTRIBUTION PERFORMANCE 

MEDIAN LANE CLOSURE 

With Cone Taper 

Without Cone Taper 

SHOULDER LANE CLOSURE 

With Cone Taper 

Without Cone Taper 

a Studied at Site 1 only 

b Studied at Site 3 only 

c Studied at Site 4 only 

II ROAD 
WORK 

TMUTCD AHEADII 

4 5 

2d 5 

5 7 

4d 5 

IIRIGHT/LEFT SYMBOLIC 
LANE CLOSED LANE II LANE 

AHEAD II CLOSED CMS BLOCKED II 

3 2 1 

3 4 1 

4a 6c 2 1 

3 2 1 

EXPANDED 
TMUTCD 

3c 

d Treatment not studied without a cone tape~. Ranking only for purposes of comparing performance of 
candidate signing treatments to a standard TMUTCD Lane Closure Set-up. 



Treatment 

TMUTCD 

ROAD WORK 
AHEAD 

Symbolic 
Lane Closed 

CMS 

TABLE 4-2. PROPORTION OF VEHICLES IN CLOSED LANE 
MEDIAN LANE CLOSURE (ALL SITES) 

Distance From Beginning of Cone Taper (ft) 
3000 1500 1000 500 

33.2 28.1 20.1 11.0 

32.8 29.3 22.7 16.7 

32.2 24.9 19.6 11.9 

32.4 20.7 13.5 6.7 

LANE BLOCKED 30.7 22.3 15.0 7.2 

equality" of the proportions (a contingency test for independence between the 
proportion and treatment type) indicated that the proportions were the same. 
This result was expected since it was assumed that traffic had not yet been 
affected by the type of treatment present at the work zone. 

However, the proportions in the closed lane were found to differ 
significantly between treatments at the data collection locations 1500, 1000, 
and 500 ft from the cone taper (Stations 2, 3, and 4). To obtain a better 
perspect i ve of how the various treatments affected traffic in the closed 
travel lane, the volumes in the closed lane were normalized to the first data 
collection location in order to represent the proportion of traffic still in 
the closed lane at the other data collection locations. These "normal ized" 
proportions are shown graphically in Figure 4-6. As can be seen in Figure 4-
7, the proportion of traffic remaining in the closed lane was highest for the 
"Road Work Ahead" treatment, and lowest for the CMS and "LANE BLOCKED" 
treatments. Interestingly, the proportions were essentially the same for both 
the CMS and "LANE BLOCKED" treatments. The proportions of traffic remaining 
in the closed 1 ane under each treatment suggests that 1) the CMS and "LANE 
BLOCKED" treatments were most effective in influencing drivers in the closed 
1 ane to exi t the closed 1 ane farther upstream, 2) the Symbol i c Lane Closed 
sign treatment performed as well as the TMUTCD treatment (but not as well as 
the CMS and "LANE BLOCKED" Treatments), and 3) the "ROAD WORK AHEAD" 
treatment was the least effective of the treatments evaluated. 
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DRIVER RESPONSE TO SIGNING TREATMENTS 
Median Lane Closures (All Sites Combined) 
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Figure 4-6. Average Effect of TMUTCD and Candidate Signing Treatments (Median Lane Closures). 



Shoulder Lane Closure 

Table 4-3 presents the average proportion of vehicles in the closed lane 
under each treatment for those sites where the right (shoulder) 1 ane was 
closed to traffic. Again, the results of a Chi-Square test for the data 3000 
ft from the cone taper (the control station) showed no significant differences 
among the various treatments. The proportions at this station (assumed to be 
upstream from the effects of the different treatments) were between 65.6 and 
67.2 percent. The results at the other data collection locations, however, do 
show significant differences among treatments, with the proportion of traffic 
in the closed lane the highest under the "ROAD WORK AH EAD II treatment and 
lowest under the CMS and "LANE BLOCKED" treatments. As before, the results of 
the Symbol ic Lane Closure and TMUTCD treatments were simil ar, and fell in 
between the "ROAD WORK AHEAD" results and those of the CMS and "LANE BLOCKED" 
treatments. 

TABLE 4-3. PROPORTION OF VEHICLES IN CLOSED LANE 
SHOULDER LANE CLOSURE (ALL SITES) 

Distance From Beginning of Cone Taper (ft) 
Treatment 3000 1500 1000 500 

TMUTCD 66.6 52.0 50.4 25.7 

ROAD WORK 
AHEAD 66.4 59.4 49.7 38.0 

Symbolic 
Lane Closed 67.2 45.8 36.8 26.3 

CMS 65.6 44.3 27.8 17 .5 

LANE BLOCKED 66.3 42.3 29.4 18.9 
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As with ~he data from the median lane closures, the shoulder lane data were 
normalized to show the proportion of traffic remaining in the closed lane at 
the various data collection locations. This data is shown in Figure 4-7. The 
trends are similar to that of the median lane closures; the CMS and "LANE 
BLOCKED" treatments were most effective in influencing drivers to exit the 
closed travel lane farther upstream, the Symbolic Lane Closed and TMUTCD 
treatments performed similarly but less effectively than the CMS or "LANE 
BLOCKED" treatments, and the "ROAD WORK AHEAD" treatment was the least 
effective of the treatments examined in encouraging drivers to exit the closed 
lane. 

It should be noted that the values in the tables and figures represent 
averages over the study sites examined. In actuality, considerable variation 
in performance for each treatment was observed from site to site, due to the 
diverse nature of work zones themselves and other site-specific factors that 
influence driver behavior at a location. For example, Figure 4-8 shows the 
variation in performance observed over the shoulder lane study sites for the 
standard TMUTCD treatments. Similar site variation was also evident for the 
candidate treatments. However, the rel at i ve performance of the TMUTCD and 
candidate treatments was, for the most part, consistent on an individual site 
basis. That is, the CMS and "LANE BLOCKED" treatments were generally the most 
effective, followed by the Symbolic Lane Closed and TMUTCD treatments, with 
the "ROAD WORK AHEAD" treatment generally the least effective treatment. 

Analys;s of Errat;c Maneuvers 

A second type of data collected during the studies of the candidate 
treatments were erratic maneuvers performed at or just in advance of the cone 
taper/work zone. These data were obtained by videotaping traffic movements at 
the cone taper from a bucket truck or other vantage poi nt. The data were 
collected to determine whether the candidate treatments resulted in a greater 
number of erratic or unsafe maneuvers at the lane closure. 

At the study sites where the cone taper was in place, erratic maneuvers and 
conflicts at the study sites were found to be extremely rare events under any 
of the treatments studied. There were only five incidents overall where a 
veh i c 1 e ran into the cone taper. However, four of these occurred when the 
"Road Work Ahead" treatment was in place (the fifth incident occurred with the 
standard TMUTCD treatment in place). None of these incidents resulted in any 
type of damage or injury to motorists, workers, vehicles, or traffic control 
dev; ces. Because of the 1 imi ted number of these i nci dents, it was not 
necessary (or possible) to perform any type of statistical analysis. 
Nevertheless, it did not appear that any of the treatments (except for the 
"Road Work Ahead") Were any more hazardous to drivers than any other, 
including the TMUTCD treatment. The "Road Work Ahead" treatment resulted in a 
few erratic maneuvers during the studies, however. 
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DRIVER RESPONSE TO SIGNING TREATMENTS 
Shoulder Lane Closures (All Sites Combined) 
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Figure 4-7. Average Effect of TMUTCD and Candidate Signing Treatments (Shoulder Lane Closures). 
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Summary 

Twe 1 ve fi e 1 d stud i es were conducted at work zone 1 ocat ions on 
rural/suburban four-lane divided highways to evaluate the effectiveness of 
four candidate reduced traffic control lane closure set-ups proposed for short 
duration and stop-and-go maintenance operations. The results of the field 
studi es show that the CMS and Texas "LANE BLOCKED" treatments were the most 
effective (of those treatments examined) in influencing a greater proportion 
of drivers to exit the closed travel lane farther upstream from the work zone. 
In addition, the Symbol ic Lane Closed treatment appeared to be nearly as 
effective as the TMUTCD in this regard, but both of these treatments were not 
as effective as the CMS or "LANE BLOCKED" treatments. Finally, the "ROAD WORK 
AHEAD" treatment was found to be the 1 east effective treatment of those 
studied. 

The erratic maneuver data that was collected at the study sites did not 
suggest that any of the candidate treatments were particularly hazardous or 
caused confusion or other problems for drivers. However, there were very few 
serious erratic maneuvers observed during evaluation of any of the treatments 
(including the TMUTCD treatment), so statistical analysis of this data was not 
possible. 

Based on the results of these studies, the use of the CMS or Texas "LANE 
BLOCKED" treatments is recommended for short duration and stop-and-go lane 
closures on four-lane divided highways with AADTs of up to 30,000. Both of 
these treatments include the use of the arrow panel and a cone taper 
immediately in advance of the work zone. 
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5. DEMONSTRATION STUDIES OF REDUCED TRAFFIC CONTROL 
FOR SHORT DURATION AND STOP-AND-GO OPERATIONS 

Based on the results of the field studies of several candidate reduced 
traffic control set-ups for short duration and stop-and-go maintenance 
operations (see Chapter 4), the Texas "LANE BLOCKED" sign and CMS were judged 
to be the most effective treatments of those examined in terms of encouraging 
drivers to exit the closed lane farther upstream. It was also apparent from 
those studies that the performance of the "LANE BLOCKED" and CMS treatments 
resul ted in very simi 1 ar responses by dri vers as to when they chose to exi t 
the closed lane. Consequently, the use of either treatment for short duration 
and stop-and-go maintenance operations on four-lane divided highways with 
traffic volumes less than or equal to 30,000 AADT was recommended. 

The final step in the evaluation process was to determine the benefit to 
the Department achieved with the use of the reduced traffic control for short 
duration and stop-and-go operations. A number of observational studies were 
conducted to determi ne the time and 1 abor requi rements for 1) the standard 
TMUTCD set up for a minor maintenance operation on a multi-lane divided 
highway, and 2) the Texas "LANE BLOCKED" treatment recommended for use with 
short duration and stop-and-go maintenance operations. 

Method of Evaluation 

TTl solicited the help of the maintenance sections of District 2 (Ft. 
Worth) and 18 (Dallas) for this evaluation. TTl personnel made numerous 
vi sits to these 01 stri cts for the purpose of observi ng the traffi c control 
(either the TMUTCD or the Texas "LANE BLOCKED" treatment) set-up and removal 
used in actual maintenance activities within each District. Data were 
collected on the site-specific characteristics of each maintenance location, 
(e.g., land use, geometrics, traffic volumes), type of work activity being 
performed, number of maintenance personnel present and/or involved in the set­
up or removal of the traffic control devices. Also, the length of time 
required to set-up and remove the traffic control devices was recorded. 

District 2 normally uses the standard TMUTCD traffic control minor 
operations when performing short duration and stop-and-go maintenance on 
multi-lane highways. TTl performed 30 observational studies of the TMUTCD 
traffic control set-up and removal in District 2. The types of work 
activities performed as part of the maintenance operations included pavement 
crack sealing, pavement patching, and shoulder repairs. 

TTl made eight trips (three to District 2, five to District 18) to evaluate 
the use of the Texas "LANE BtOCKED" treatment. Attempts were made to coll ect 
additional data, but adverse weather conditions on the scheduled study dates 
and other problems hampered data co 11 ect i on efforts. I n add it i on, it was 
necessary to discard two of the evaluations of the "LANE BLOCKED" treatment 
performed in District 18. The initial evaluation was of this treatment was 
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discarded because it was the first opportunity the District personnel had to 
use the "LANE BLOCKED" sign. Consequently, the maintenance personnel were not 
fami 1 i ar wi th the hardware and procedures of us i ng the sign, and so traffi c 
control set-up took considerably longer than on subsequent days. The fourth 
study of this treatment in District 18 was also discarded because the sign 
became jammed when attempting to place into its travelling position, and 
required additional time and effort to free it and secure it for travel. 
Because these were unusual circumstances and not necessarily representative of 
the common use of the sign, these observations were deleted from the database. 

Evaluation Results 

The data collected regarding the set-up and removal times of the TMUTCD and 
"LANE BLOCKED" treatments were combined and averaged. These results are 
provided in Table 5-1. On the average, three people helped set-up and remove 
the TMUTCD treatment, while two people were generally used to set-up and 
remove the "LANE BLOCKED" treatment. To account for this difference in 
personnel, the time required to set-up and remove each treatment was 
normalized to represent the total man-time required. As Table 5-1 shows, the 
use of the "LANE BLOCKED" treatment resulted in significantly lower labor 
effort to set-up and remove. Set-up times were reduced from 23.0 man-minutes 
for the TMUTCD treatment to 11.9 man-minutes for the "LANE BLOCKED" treatment, 
a reduction of 11.1 man-minutes (52%). Likewise, removal times were reduced 
8.7 man -mi nutes on the average (50%), from 17.3 man -mi nutes for the TMUTCD 
treatment to 8.6 man-minutes for the "LANE BLOCKED" treatment. Overall, then, 
the "LANE BLOCKED" treatment resulted in a nearly 20 man-minute savings over 
the TMUTCD treatment per work site. 

While the database for the set-up and removal times for the Texas "LANE 
BLOCKED" treatment is somewhat limited, it should be obvious that the set-up 
and removal times are significantly reduced from that required with the 
standard TMUTCD traffic control set-up. In addition to the labor savings 
achieved, the amount of direct worker exposure to oncoming traffic during 
traffic control set-up and removal is reduced also. 
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TABLE 5-1. COMPARISON OF AVERAGE LABOR EFFORT EXPENDED IN TRAFFIC 
CONTROL SIGNING SET-UP AND REMOVAL (PER SITE) 

Average Effort Per"Site (Man-Minutes) 

Average Effort Expended: 

Sign Set-Up 

Sign Removal 

TOTAL 

Traffic Control Treatment 

TMUTCD 

23.0 

17 .3 

40.3 

48 

LANE BLOCKED 

11.9 

8.6 

20.5 

Reduction 

11.1 

~ 

19.8 
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APPENDIX A: GUIDELINES FOR INSTALLING AND REMOVING LANE CLOSURES 
FOR SHORT DURATION AND STOP-AND-GO MAINTENANCE OPERATIONS 
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GUIDELINES FOR INSTALLING AND REMOVING LANE CLOSURES 
FOR SHORT DURATION AND STOP-AND-GO MAINTENANCE OPERATIONS 

Introduction 

This document provides general guidelines and considerations for the safe 
and efficient installation and removal of lane closures for short duration and 
stop-and-go maintenance operations on four-lane freeways. These guidelines 
were developed as part of Study No. 2-18-85-377 entitled "Traffic Control for 
Stop-and-Go and Short-Term Maintenance/Construction Operations and Techniques 
for Installing Lane Closures." 

Short duration an stop-and go operations are a special category of 
maintenance activities. A short duration operation is a maintenance activity 
lasting 20 min or less at a fixed location. Examples of short duration 
operations include maintaining guardrail, inspecting drainage structures, and 
treating bleeding pavement with sand. A stop-and-go operation consists of a 
series of short duration operations at two or more locations along a highway. 
Examples of stop-and-go operations include patching potholes and sealing 
cracks. Neither the Texas Manual on Traffic Control Devices (TMUTCD) nor the 
Traffic Control Plan (TCP) Sheets developed by the Texas State Department of 
Highways and Public Transportation (SDHPT) provide special guidelines for 
short duration or stop-and-go operations. Therefore, the typical traffic 
control setup for these operations has been based upon the requirements for 
minor operations in the TMUTCD and the TCP Sheets. As a result, in many cases 
the traffic control setup takes longer than the maintenance activity itself. 

The guidelines that are presented in this document were designed specif­
ically for short duration and stop-and-go maintenance operations. The 
recommended traffic control setup has been found to be equally effective at 
informing drivers about the lane closure and to require less time to install 
in comparison with the traffic control setups currently used for these 
operations. The guidelines are intended to provide a more consistent 
procedure for installing and removing the setup. 

Traffic Control Setup for a Freeway Lane Closure at Stop-and-Go and Short 
Duration Lane Closures 

The traffic control setup for a freeway lane closure during a stop-and-go 
and short duration maintenance operation is illustrated in Figure A-I. The 
setup consists of a single advance warning sign placed on the right shoulder 
approximately 1,500 ft in advance of the beginning of the taper, an arrow 
panel placed in the taper, and channelizing devices forming the taper and lane 
closure. 
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Figure A-I. Traffic Control Set-Up for Stop-and-Go and Short Duration 
Maintenance Operation. 
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The advance warning sign may be either a.LANE BLOCKED sign or a Change­
able Message Sign (CMS). The LANE BLOCKED sign is currently used for moving 
maintenance operations. An example of a LANE BLOCKED sign is illustrated in 
Figure A-I. The sign identifies the freeway lanes in one direction by number, 
starting with a "1" to represent the left-most lane. It indicates which lanes 
are closed with a 1 arge "X" mounted under the 1 ane number. The number of 
lanes and the indication of which lanes are closed can be quickly and easily 
changed. 

A CMS may be used in place of the LANE BLOCKED sign. The message from 
the LANE BLOCKED sign may be duplicated on a three-line CMS. 

The flashing arrow panel should be placed on the shoulder at the 
beginning of the taper. If placement on the shoulder is not feasible the 
arrowboard may be placed on the closed lane at the end of the taper. 

Four types of channelizing devices may be used for freeway lane closures: 
cones, vertical panels, drums, and barricades. Typically, cones will be used 
for stop-and-go and short duration ope rat ions. The 1 ength of taper and 
spacing between channelizing devices should conform to the requirements 
specified in the TMUTCD. The requirements are summarized in Table A-I, which 
is a copy of Table VI-Ia from the TMUTCD. 

Vehicle and Manpower Requirements 

It is recommended that at 1 east two vehi cl es be used to i nsta 11 and 
remove the 1 ane closure. One veh i c 1 e would be used for the actual placement 
and removal of devices. The second vehicle would serve as a shadow vehicle. 
Additional vehicles may be used as necessary for storing channelizing devices 
or for towing arrow panels, LANE BLOCKED signs, and CMSs. As a minimum, the 
vehicles should be equipped with cab-top flashing warning" lights. If 
available, it would be desirable to use a vehicle with a truck-mounted vehicle 
attenuator as the shadow vehicle. It would also be desirable to provide radio 
communications between the vehicles. 

It is preferable to assign three or four workers the tasks of placing and 
removing work zone traffic control devices. All workers should wear 
reflectorized orange vests and hard hats. One or two of the workers should 
also be responsible for monitoring the traffic control devices during the 
rna i ntenance operation so that devi ces knocked over or out of place can be 
returned to their proper position. It would be desirable to develop a regular 
crew that is accustomed to working together, in order to improve communica­
t ions and enhance safety duri ng the i nsta 11 at i on and removal of the 1 ane 
closure. 

It is recognized that the availability of law enforcement personnel for 
traffic control in work zones varies by jurisdiction. However, when 
conditions warrant, their assistance should be solicited. 
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TABLE A-l. TYPICAL TRANSITION LENGTHS AND SUGGESTED MAXIMUM SPACING 
OF DEVICES 

Minimum Desirable Suggested Maximum 
Taper Lengths·* Spacing of Device 

Posted 
Formula 

10' 11' 12' On a Ona 
Speed* Offset Offset Offset Taper Tangent 

30 lSO' 165' 180' 30' 60'·75' 

35 L= WS2 
60 

205' 225' 245' 35' 70'·go' 

40 265' 295' 320' 040' 80'·100' 

45 4SO' • 495' 540' 45' go'·110' 

SO 500' 5SO' 600' SO' 100'·125' 
- L .. WS 

55 SSO' 60S' 660' 55' 110'·1040' 

60 600' 660' 720' 50' 120'·150' 

·8Sth Percentile Speed may be used on.roads where traffic speeds normally exceed the posted 
speed limit. 

**Taper lengths have bMn rounded off. 

Source: (1) 
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Preparations 

Adequate planning and preparations prior to leaving for the site are 
critical to the safety of the lane closure installation. Work that can be 
done beforehand will make the installation more efficient and therefore 
minimize the exposure of workers to traffic. 

The traffic control devices should be inspected for any needed mainten­
ance or cleaning. Signs, supports, and channelizing devices should be in 
usable condition. Arrow panels and CMSs should be fueled and have all bulbs 
working. If possible, the message on the LANE BLOCKED sign (lane numbers and 
indication of which lanes are closed) should be prepared or the eMS should be 
programmed before leaving for the work site. 

The traffic control devices should be organized on the work vehicles so 
that they are readily accessible at the work site. 

Installation of the Lane Closure 

The traffic control crew should arrive at the work site before any of the 
crew and vehicles involved in the actual work activity. The vehicles used in 
the traffic control setup should park on the right shoulder at the location of 
the advance warning sign. Upon parking at the site, the vehicles' four-way 
flashers and cab-top flashing lights should be turned on and should be kept on 
throughout the setup operation. 

The recommended order for the installation of the lane closure is: 

1. Placement of the LANE BLOCKED sign or CMS 

2. Placement of the arrow panel 

3. Placement of the channelizing devices in the taper 

4. Placement of the channelizing devices in the lane closure 

5. Placement of the END ROAD WORK sign (optional) 

Placement of the LANE BLOCKED Sign or CMS 

The fi rst step in i nsta 11 i ng the 1 ane closure is the placement of the 
LANE BLOCKED sign or CMS. The sign should be placed on the right shoulder 
approximately 1500 ft in advance of the beginning of the cone taper. Also, 
the sign should be placed so that drivers can see it from at least 1500 ft 
away. To enhance safety, a flagger may be used to alert and slow traffic as 
well as to serve as a lookout for oncoming traffic while other workers place 
the sign. 
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Placement of the Arrow Panel 

The second step in the installation procedure is the activation and 
placement of the arrow panel. After the LANE BLOCKED sign or CMS has been 
placed, the vehicles should be driven on the shoulder to the beginning of the 
taper. The arrow panel should be positioned on the shoulder near the 
beginning of the taper. Then, the arrow panel should be raised and turned on. 
A flagger may be positioned on the shoulder at the beginning of the taper to 
al~rt and slow traffic as well as to serve as a lookout for oncoming traffic 
while the arrow panel is being activated and placed. If the arrow panel is to 
be placed on the closed 1 ane at the end of the taper, it may be moved into 
position after it has been activated on the shoulder. Arrow panels should be 
seen from 1500 ft away. 

Placement of the Channelizing Devices in the Taper 

Perhaps the most potentially hazardous step in the installation of the 
lane closure is the placement of the channelizing devices in the taper. 
Motorists must have adequate warning about the lane closure. Therefore, the 
taper should be formed after the advance warning sign has been placed and the 
arrow panel has been activated and placed. The flagger may also be useful to 
alert and slow motorists. In addition, the flagger may contribute to the 
safety of the workers by serving as a lookout for oncoming traffic while the 
channelizing devices are being placed. If cones are used they should be at 
least 28 inches high. 

The cones, or other channelizing devices, used to form the taper, may be 
placed, at the proper spacing, either by workers on foot or from the rear of a 
vehicle. The taper should extend from the edge of the paved shoulder to the 
lane line. 

After the taper has been completed, the fl agger may be re 1 i eved of his 
flagging duties and may join the rest of the setup crew. 

Placement of the Channelizing Devices in the Lane Closure 

After the taper is in place, the shadow vehicle should be positioned 
behind the vehicle carrying the cones. The crew should position themselves in 
the vehicle carrying the cones. This vehicle should proceed down the closed 
1 ane at a pace that allows the workers to place the cones at the proper 
spacing. The shadow vehicle should follow 50 to 100 ft behind. 

Channelizing devices should be spaced more closely than the maximum 
a 11 owed spaci ng at 1 ocat ions in the work zone that will have intense work 
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activity, pavement edge drop offs, or heavy equipment in operation near the 
open traffic lane. 

Optionally, at the end of the work zone, a short taper back to the 
shoulder may be provided. 

Placement of the END ROAD WORK Sign 

After the cones have been placed, an END ROAD WORK sign may be erected on 
the shoulder no more than 500 ft downstream from the end of the work zone. 
Use of the END ROAD WORK sign is optional. 

Removal of the Lane Closure 

At the end of the work act i vi ty the work zone shoul d be free from any 
trace of work activity and the removal of ·the lane closure may begin. The 
lane closure should be removed in the opposite order that it was placed. As 
wi th the setup of the closure, it is des i rab 1 e to use a shadow veh i c 1 e in 
addition to the vehicle required for the actual removal of the traffic control 
devices. 

Removal of the END ROAD WORK Sign 

The first step in the removal of the lane closure is to take down the END 
ROAD WORK sign at the end of the work zone. ' 

Removal of the Channelizing Devices in the lane Closure 

The removal of the cones in the lane closure should proceed from the end 
of the work zone to the taper. The workers should situate themselves as they 
did for placing the devices. The vehicles should travel upstream in reverse 
at a slow, steady pace in the closed lane. 

Removal of the Channelizing Devices in the Taper 

Upon reaching the taper, the vehicle should be parked on the shoulder 
upstream of the arrow panel. The arrow panel should be placed in tow before 
beginning to remove the taper. A flagger may be positioned on the shoulder at 
the beginning of the taper to alert and slow traffic and to serve as a lookout 
for oncoming traffic while the taper is being removed. With the arrow panel 
flashing and, optionally, the flagger alerting traffic at the beginning of the 
taper, the cones in the taper may be removed. 
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Removal and Deactivation of the Arrow panel 

After the taper has been removed, the arrow panel should be turned off 
and cranked down to the proper position for transporting. 

Removing the Advance Warning Sign 

After the taper has been removed and the arrow panel removed and 
deactivated, the crew should drive to the advance warning sign. The sign may 
then be removed and placed in tow. When a 11 signs and channel i zing dev ices 
have been secured in the vehicles for transporting, the crew may leave the 
site .. 

. .. 
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APPENDIX B. POSITIVE GUIDANCE APPROACH 
FOR WORK ZONE TRAFFIC CONTROL 
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Positive Guidance 

Alexander et. al. (~) developed a model that is useful in describing the 
ordinary driving task. According to Alexander, the driving task consists of 
three levels; control, guidance, and navigation. At the control level, the 
driver deals mainly with those activities and sources of information which 
directly relate to the physical manipulation of the vehicle. Information at 
this level is transmitted by the vehicle itself and is received by the driver 
through natural sensing mechanisms. The driver reacts to this information and 
controls the vehicle via the steering wheel, accelerator, brake, etc. With 
practice and experience, the control function of the driving task can be 
performed in normal situations without the driver exerting much effort. 

Next, the guidance level of the driving task refers primarily to the 
selection of a safe speed and path on a highway. Activities at the guidance 
level include lane positioning, car following, and vehicle passing. 
Information must be analyzed and a decision must be made so that a control 
action can be executed. The roadway, traffic control devices, other vehicles 
as well as the surrounding environment are sources of information at this 
level of the driving task. 

The final level deals with navigation. Included at this level are 
activities such as trip planning, route following, and destination finding. 
Sources of information used at this level include maps, guide signs, and 
landmarks. 

Depending on the level of the driving task and the action required, the 
amount of information needed and the time needed to process that information 
varies. Post, Alexander and Lunenfeld have presented the concept of decision 
sight distance (~), which can be defined as: 

The distance at which a driver can detect a signal (hazard) in an 
environment of visual noise or clutter, recognize it (or its threat 
potential), select appropriate speed and path, and perform the required 
action safely and efficiently. 

Alexander et. al. state that Positive Guidance is an engineering tool 
designed to enhance the safety and operational efficiency of hazardous 
locations (~, ~). The concept of Positive Guidance is that, given sufficient 
information, drivers may avoid accidents at potentially hazardous locations. 
The Positive Guidance concept recognizes the different levels of driver 
performance with the guidance level taking "primacy" over the navigational 
task. An operational definition of Positive Guidance is: 
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------------- -- -- ----------

Any information carrier, including the highway, that assists or directs 
the drivers in making speed or path decisions provides guidance 
information to the driver. Positive guidance information is provided 
when that information is presented unequivocally, unambiguously, and 
conspicuously enough to meet decision sight distance criteria and enhance 
the probability of appropriate speed and path decisions. 

The goal of Positive Guidance is to present information pertaining to the 
guidance level of the driving task so that the driver has an increased 
probability of selecting the most appropriate speed and path for the 
prevailing highway conditions so as to avoid a system failure. System 
fa il ures vary from delay and bei ng lost to fatal acc i dents, the degree of 
severity of the system failure directly related to the level of the driving 
task at which the failure occurred. 

Positive Guidance in Work Zones 

Applying the principles of Positive Guidance and, more specifically, 
decision sight distance, Hulbert and Burg (10) developed a hazard avoidance 
model of the driving task. Figure B-1 illustrates this model for a typical 
1 ane closure. The model descri bes a sequence of events wh i ch occur in the 
hazard avoidance process. The model starts at the point of detection and 
proceeds until the avoidance maneuver has been completed. 

McGee and Knapp (11) used principles of Positive Guidance to identify 
areas or zones in whi ch certain i nformat i on about a work zone shoul d be 
provi ded a dri ver. Fi gure B-2 shows how each of the i nformat ion handl i ng 
zones fit together at a typical lane closure. In all five of the zones shown 
in Figure B-2, drivers are subject to different stimuli and information 
devices. 

The Advance Zone is the area before the driver is first exposed to the 
work zone. This zone begins where the first warning sign is visible to the 
motorist. 

The Approach Zone is where the motorist must detect and recognize that a 
hazard is present. Here, the motorist must formulate the appropriate control 
a lternat i ves and prepare to execute the elected a lternat i ve. Th is zone is 
located upstream of the hazard a distance equal to the decision sight 
distance. 

The Non-Recovery Zone is the area where the motori st must execute the 
control maneuver. The length of this zone corresponds to the stopping sight 
distance. 

The Hazard Zone iss i mp 1 y the 1 ength of the work zone, inc 1 ud i ng the 
channe 1 i zi ng devi ces. The Downstream Zone is that area beyond the hazard 
where a driver can safely return to normal operating conditions. 
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STEPS IN EXAMPLE: AVOIDING TERMS USED 
EVASIVE ACTION BEING FORCED TO DESCRIBE TIME 
TO AVOID HAZARD INTO LANE DROP EXIT & DISTANCE INTERVALS 
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...... 
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UNDERSTOOD CONDITION HAZARD 
OR PERCEIVED AS A LANE " DROP EXIT 0 e::: ...... 

w (/') 
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BEGINS STEERING ~ 
CHANGE e::: 

~ 85 
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w~ ts ~ 
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Figure B-1. Hazard Avoidance Model for a Typical Lane Closure. 
(Reference }O) 
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Based on the i nformat i on content and intended funct ion, Hostetter, et. 
al. grouped work zone traffic control devices into information classes (lZ). 
The first information class, Feature Warning, deals with those traffic control 
devices that inform the driver that some feature of the work zone is 
potentially hazardous. The next class, Maneuver Warning, identifies what the 
driver must do to negotiate the feature (such as a lane change, turn, or 
stop). Another important class is that of Feature Location, which identifies 
the location at which or by which a specific maneuver must be accomplished. 
Other important i nformat ion c1 asses defi ned by Hostetter i ncl ude 
Prohibitory/Restrictive Location, Speed Advisory, Speed Change Warning, Speed 
Limits, Route Guidance, and Confirmation. 

Application of Positive Guidance Principles to Traffic Control Requirements of 
Short Duration and Stop-and-Go Maintenance Operations 

Figure B-3 shows the information handling zones and corresponding 
potential hazard avoidance model developed by McGee and Knapp superimposed on 
the TMUTCD traffic control plan for a minor maintenance operation on a four­
lane divided highway. Also shown in this figure are the information classes 
for each type of traffic control device used in this plan. Note that within 
each information handling zone, the driver is provided with a specific class 
of i nformat i on to facil itate the execution of the hazard avoi dance process. 
For example, in the Approach Zone, the driver must recognize the nature of the 
potential hazard that he/she is about to encounter, and so a Feature Warning 
"LEFT LANE CLOSED AHEAD" sign is provided. 

Table B-1 shows the driver level of performance and' the type of 
information required in each of the information handling zones for the minor 
maintenance lane closure operation. The table also shows the standard TMUTCD 
traffic control devices that are used to fulfill the driver information 
requirements for this type of work zone. 

In a similar vein, Figure B-4 and Table B-2 present the information 
handling zones for the moving maintenance operations. Note in Table B-2 that 
the only sources of information provided by the traffic control plan for the 
moving operation are the flashing arrow panel attached to the rear vehicle and 
the actual work vehicles themselves. The driver must both perceive and 
recognize the hazard in the approach zone to the work caravan, and since the 
maneuver 1 ocat ion is not c 1 earl y defi ned, the dri ver must also execute the 
hazard avoidance maneuver in the non-recovery zone. Consequently, this 
traffic control plan requires drivers to process the information presented in 
a shorter period of time than for minor operations. However, research (!, §) 
has shown this traffic control plan is effective in informing drivers of the 
lane closure. One possible explanation for this is that the greater 
conspicuity of the flashing arrow panel allows drivers to detect the hazard 
far enough upstream to properly process the information and react 
appropriately. 
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Figure B-3. Information Handling Zones for a Minor Maintenance Operation. 



Table 8-1. Hazard Avoidance Model for a Minor Haintenance Lane Closure. 

DECISION 
SIGHT DRIVER LEVEL TYPE OF TRAFFIC 

ZONE DISTANCE OF PERFORMANCE INFORMATION INFORMATION CONTROL 
DESIGNATION MODEL TERM AND PERCEPTION REOIRED CLASS DEVICE 

Advance to Navigati ona I Alerting / Warning General "ROAD WORK 
Zone Warning AHEAD" 

Approach tl Detection of Hazard/ Warning of Hazard Feature "RIGHT/LEFT LANE 
Zone Shift to Guidance Type Warning CLOSED AHEAD" 

0"1 Non-Recovery t2 Recognize Hazard Identify Necessary Maneuver Symbolic Lane 
0"1 Zone Maneuver Warning Closed Sign 

t3 Shift to Control Prepare to Execute 
Function Maneuver 

Enter t4 Beqin Tracking Task/ Location to Begin Maneuver Cone Taper 
Transition Control Function Maneuver Location 

Hazard Area ts Return to Guidance Location to Feature Arrow Panel 
Function Complete Maneuver Location 

Downstream Maneuver Completed/ Reinforce Hazard Channe Ii zing 
Zone Return to Navigational Information Devices 
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Table B-2. Hazard Avoidance Model for a Moving Maintenance Operation. 

DECISION 
SIGHT DRIVER LEVEL TYPE OF TRAFFIC ZONE DISTANCE OF PERFORMANCE INFORMATION INFORMATION CONTROL DESIGNATION MODEL TERM AND PERCEPTION REOIRED CLASS DEVICE 

Approach to Detection of Hazard/ Warning of Hazard Feature Arrow Panel Zone 
Type Warning 

tl Shift to Guidance 

Non-Recovery t2 Recognize ~azard Identify Necessary Maneuver Arrow Panel Zone Maneuver Warning 0'1 
0:> 

t3 Prepare to Execute 
Maneuver 

t4 Execute Maneuver/ Location to Begin Maneuver Arrow Panel Control Function Maneuver Location 

Hazard Area ts Return to Guidance Location to Feature Arrow Panel/ Function Complete Maneuver Location Caravan 

Downstream Maneuver Completed/ Reinforce Hazard Caravan Zone Return to Navigational Information 



Ideally, the traffic control plan for short duration and stop-and-go 
operations should provide the driver with sufficient information to safely and 
efficiently negotiate through the work zone with as few traffic control 
devices as possible. Enabling the driver to recognize the hazard farther 
upstream appears to be the key to developing an effective traffic control 
plan. By a 11 owi ng the dri ver to recogn i ze the hazard in the Advance Zone, 
more time becomes available for the driver to execute the hazard avoidance 
maneuver. 

Figure B-5 presents the conceptual hazard avoidance model for a short 
duration and stop-and-go traffic control plan. This conceptual plan uses the 
arrow panel as the primary source of information. An advance warning sign is 
used to inform the dri ver of the hazard he/she is approach i ng and also to 
reinforce the implied maneuver warning of the arrow panel. 

Table B-3 shows the driver level of performance anticipated to occur in 
each information handling zone with the proposed reduced advance traffic 
control. This table also shows what information would be provided in each 
zone and possible devices that can be used to provide that information. 
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Table B-3. Hazard Avoidance t·1odel for Short Duration and Stop-and-Go Maintenance Operations. 

DECISION 
SIGHT DRIVER LEVEL TYPE OF TRAFFIC 

ZONE DISTANCE OF PERFORMANCE INFORMATION INFORMATION CONTROL 
DESIGNATION MODEL TERM AND PERCEPTION REOIRED CLASS DEVICE 

Advance to Navigationa I Alerting / Warning Feature/ Candidate 
Zone Maneuver Signing 

Warning Treatments 

tl Detection of Hazard/ Warning of Hazard 
Shift to Guidance Type 

Approch t2 Recognize Hazard Identify Necessary Maneuver Arrow Panel "-J Zone Maneuver Warning ....... 

Non-Recovery t3 Shift to Control Prepare to Execute Arrow Panel 
Zone Function Maneuver 

Enter t4 Begin Tracking Task/ Location to Begin Maneuver Cone Taper 
Transition Control Function Maneuver Location 

Hazard Area ts Return to Guidance Location to Feature Arrow Panel 
Function Complete Maneuver Location 

Downstream Maneuver Completed/ Reinforce Hazard Channelizing 
Zone Return to Navigational Information Devices 



APPENDIX C: SCHEMATIC DIAGRAMS OF STUDY SITE LOCATIONS 
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APPENDIX D: EFFECT OF CANDIDATE SIGNING TREATMENTS 
WITH AND WITHOUT A CONE TAPER 
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Figure 0-1. Effect of "ROAD WORK AHEAD" Signing Treatment With and 
Without a Cone Taper (Sites 1 and 3). 
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