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INTRODUCTION 

~1aintenance operations on urban freeways oftentimes result in major prob­

lems in managing traffic through the affected zone to assure adequate safety 

of the work crew and motorists while minimizing delay and congestion to the 

motorists. Guidelines for urban freeway traffic control are almost non­

existent in the Manual on Uniform Traffic Control Devices for Streets and 

Highways (MUTCD) (1). Several studies were therefore conducted as part of 

Study 228 in an attempt to provide better and more specific guidelines. A 

concerted effort was devoted to conducting studi es in the fi e 1 d duri n9 actual 

maintenance operations to obtain more meaningful driver response data. The 

studies were conducted after a thorough review of the literature which is sum­

marized in Report 228-1/263-1 (!). 

The sections that follow contain summaries of the following reports. 

Title 

1. Sight Distance Requirements at Lane Closure Work Zones 
on Urban Freeways 

2. Field Evaluation of Flashing Arrowboards at Freeway 
\lork Zones 

3. Traffic Management for Middle Lane Maintenance on 
Urban Freeways 

4. Special Traffic Management Requirements for Maintenance 
l~ork Zones on Urban Freeways 

5. Traffic Capacity Through Work Zones on Urban Freeways 

6. Moving Maintenance Operations on Texas Urban Freeways: 
A Limited Overview of Current Practices and Problem 
Identification 

7. Feasibility of Changeable Message Signs and Highway 
Advisory Radio for Freeway Maintenance 

8. Driver Understanding of Work Zone Flagger Signals and 
Signaling Devices 

1 

Report No. 

228-7 

228-5 

228-2 

228-8 

228-6 

228-4 

228-9 

228-5 





SIGHT DISTANCE REQUIREMENTS 

Background 

Maintenance operations performed on urban freeways oftentimes require the 

temporary closing of one or more travel lanes. In these situations, motorists 

should be encouraged to vacate the closed lane(s) in advance of the work area 

using effective traffic control devices (e.g., advance signing, cone tapers, 

arrowboards, etc.). If the traffic control system fails. severe safety and 

operational problems can result as high speed traffic is surprised by the lane 

closure and/or is IItrapped fl in the closed lane. 

A series of field studies was conducted to evaluate current traffic 

control practices at lane closure work zones on urban freeways in Texas. The 

studies, which are documented in Report 228-7, identified problem areas and 

provided input for the development of improved traffic control practices (l0. 

Advance Signing 

The field studies revealed that the advance signs normally used to warn 

drivers of freeway lane closures during maintenance operations are only partially 

effective in encouraging drivers to vacate the closed lane(s). The signs become 

less effective as traffic volumes increase. 

Importance of Sight Distance 

Sight distance as related to work zone lane closures is defined as the 

distance from the beginning of the cone taper to where a driver can identify 

that his or her lane is closed. provided the line of sight is not obstructed 

by another vehicle. The field studies revealed that many drivers wait until 

sighting the lane closure before attempting to merge out of the closed lane(s}. 
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Therefore, adequate sight distance to the lane closure must be provided to 

assure safe ~nd efficient traffic flow. As traffic volumes increase, more 

and more drivers will be IItrapped" at the lane closure if adequate sight dis­

tance is not provided. 

Implementation 

The use of arrowboards is recommended for all lane closures on urban 

freeways. Report 228-5 (1) indicates the typical placement location for the 

arrowboards. A minimum sight distance of 1500 feet should be provided at work 

zone lane closures on urban freeways. If it is not possible to provide a 

sight distance of at least 1500 feet, a supplemental arrowboard should be 

placed upstream of the cone taper for median and shoulder lane closures. The 

supplemental arrowboard will encourage more drivers to vacate the closed lane 

before they see the closure itself. 

Field Procedure for Checking Sight Distance 

A field procedure for checking sight distance at work zone lane closures 

on urban freeways to insure that a minimum sight distance of 1500 feet is 

provided is presented in Report 228-7. 
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ARROWBOARDS 

Background 

Flashing arrowboards have become an important traffic control device for 

work zone traffic management over the past several years. Because of this~ 

arrowboards have been the subject of many research reports which cover a wide 

range of topics including design~ human factors considerations and application 

guidelines. The results have been very positive indicating that arrowboards 

have a very high target value and motorists respond positively to the arrow­

board's indications. 

Two reports, however, differ concerning the placement of a flashing arrow­

board for the most effective use. One report (i) recommended the placement of 

the arrowboard at the beginning of the taper; another (i) recommended that the 

most effective arrowboard ,placement is 100 ft. to 500 ft. in advance of the 

beginning of the taper. A study was therefore conducted on 1-35 in Austin, 

Texas to further evaluate arrowboard placement. Report 228-5 documents the 

results of the study (~). 

Recommendation 

The research documented in the report indicates that the placement of an 

arrowboard in advance of the beginning of a taper is beneficial only when the 

sight distance to the work zone is improved. For the maximum benefit in 

arrowboard usage~ a minimum sight distance must be maintained. The minimum 

allowable Sight distance for urban freeway operations~ as developed in a 

related study (6), is 1000 ft. (also supported in related studies (1, i)). 

The desired sight distance is 1500 ft. 
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Locating an arrowboard in advance of the beginning of the taper does not 

necessarily increase the sight distance. The vertical and/or horizontal geo­

metrics at each worksite would control the sight distance and the resulting 

placement of a flashing arrowboard. Figure 1 represents an example of when 

sight distance is not improved. Figure 2 represents a situation where moving 

the arrowboard in advance of the taper can be of great benefit. 

~~ork zones on a tangent secti on of roadway woul d not requi re a suppl e­

mental arrowboard in advance of the cone taper because, again, sight distance 

to the work zone is not critical (less than 1500 ft.). Figure 3 represents 

this situation. 

The limitations of the study prohibited the determination of the distance 

in advance of the beginning of the taper at which the supplemental arrowboard 

becomes ineffective. From the two sites studied, the arrowboard, when placed 

2000 ft. in advance of the beginning of the taper, was most effective in shift­

ing traffic from the blocked lane. Little improvement in shifting traffic was 

observed after locating an arrowboard 2500 ft. in advance of the beginning of 

the taper at one of the sites. However, it appears that positioning an arrow­

board too far in advance of the beginning of the taper does not improve the 

effectiveness of the supplemental arrowboard. Shifted traffic was observed 

returning to the closed lane when an arrowboard was placed 4000 ft. in advance 

of the beginning of the cone taper. 

In conclusion, an arrowboard should be used at the cone taper for lane 

closures on urban freeways. When the sight distance to the work zone is less 

than 1500 ft., a supplemental arrowboard should be placed on the shoulder "in 

advance of the beginning of the taper for right-side or left-side lane 
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clqsures. The supplemental arrowboard can be placed up to 2500 ft. in advance 

of the cone taper to increase the effective sight distance to the work zone. 

The supplemental arrowboard should not be placed more than 2500 ft. upstream 

because drivers will have a tendency to re-enter the closed lane before they 

reach the closure. 
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MIDDLE LANE CLOSURE 

Generally, when maintenance work is required on the middle lane of a 

3-lane freeway section, both the middle lane and one of the exterior lanes 

are closed (Figure 4). Capacity flow in the open exterior lane ranges 

between 1400 and 1600 vehicles per hour (vph). 

~ .... w. - _ ........ - ........ - - . - --.... - ........ ~ - - - - ....................... .. 
----liIoo --.. 

Figure 4. Multi-Lane Closure Strategy Commonly Used to 
Accommodate r~i ddl e Lane Mai ntenance Operati ons 

In planning for middle lane work on a 2.5 mile section of 1-45 in Houston, 

available volume data indicated that use of the multi-lane closure strategy 

illustrated in Figure 4 would result in severe congestion. District 12, 

therefore, developed a traffic management plan intended to maximize work zone 

capacity and reduce mainlane demand. This plan is discussed in Report 228-2 

and is summarized in this section of the Final Report (~). 

The primary feature of the management plan was the attempt to increase 

work zone capacity through innovative management practices. On days when the 

work was on sections with shoulders, traffic was "shifted" out of the median 

and middle lanes, then encouraged to use the shoulder lane and outside shoulder 

as travel lanes. When the work was on bridges and overpasses without shoulders, 

the middle lane alone was closed and traffic was permitted to travel in the 

median and shoulder lanes. 
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To reduce mainlane demand, entrance ramps in the 2.5-mile work area were 

closed. Generally, two to four ramps were involved. Motorists normally using 

these ramps had to remain on the frontage road and enter the freeway down­

stream from the work area. 

Traffic Control at Locations with Shoulders 

Figure 5 shows the traffic control devices used to manage mainlane traffic 

during work on sections with shoulders. All signs shown in the figure were 

temporary work zone signs and had a black legend on an orange background. 

The evaluati on studi es conducted by TTI and di s cussed in Report 228-2 

revealed that drivers will begin using the shoulder when some degree of conges­

tion develops on the mainlanes (~). Shoulder usage will increase with 

increased demand and congestion on the mainlanes. Prior to any significant 

speed restrictions, little or no traffic will use the shoulder. In Houston, 

about 8% of the drivers used the shoulder when the traffic demand flow rate 

was 1600 vph. Approximately 40% of the drivers used the shoulder when the 

rate was 2400 vph. 

Some drivers were slow in reacting to the shoulder use signs~ The "fol­

low-the-rabbit" phenomenon was noticeable. When one driver entered the 

shoulder, several others followed. District 12 personnel observed that when 

a flagger was posted at the BEGIN SHOULDER LANE sign and pOinted to the sign. 

more dri vers entered the shoul der much sooner. 

The advance sign employed to encourage shoulder use presented the message 

CARS t1AY USE SHOULDER 500 FT. AHEAD, thus implyin[ only passenger cars should 

use the shoulder. The signs, located i ntermi ttently in the shoul der-use zone, 

contai ned the message SHOULDER USE OK CAUTION. 

9 

--------------------------



--~~~----~--~~~~~--~~--~------~--~~~--~--------~---------------P~: .. _ .. -. ol:llilS-··_·· ............ -
:::l 

+;c 
.l! 
" __ ~~ ________ ~ ________________________________ ~~ __ ~~ __________________ ~.~-,~~2 

:~------~----------~~------~----~~------------------~ .. ~---
:.J ...... ..... .... .... ICil - __ 
~~~ ~ .....•. +. ----
~ _____ --:iIIIIo--

* Slow sign recently deleted from Texas MUTeD; 
if ~ should be supplemented with an 
Advisory Speed Plaque 

Legend 

~ On Ramp (Open) 

i* On Ramp (Closed) 

, Off Ramp (Open) 

Figure 5. Traffic Control Strategy Used to Perform Center Lane Work 
on Sections of 1-45 with Shoulders (Traffic Shifting) 
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Observations in Houston revealed that shoulder usage by each type of 

vehicle increased with traffic volumes. When mainlane demand was approxi­

mately 1600 vph, 9% of all passenger cars, 8% of all the pickup trucks and vans, 

and 3% of the trucks used the shoulder. When the demand increased to 2400 vph, 

40% of all the passenger cars, 41% of all the pickup trucks and vans, and 

25% of all the trucks used the shoulder. 

Traffi c Control at Locati ons without Shoul ders 

Figure 6 shows the traffic control scheme used to manage traffic during 

middle lane work on sections of 1-45 without shoulders. All signs shown in the 

figure were temporary work zone signs and, except for the flashing arrowboard, 

they had a black legend on an orange background. Special symbolic signs were 

used to warn drivers that the middle lane was blocked ahead, but they could 

proceed through the work area by remaining in their lanes. 

Observations revealed that only 1.5% of the drivers changed lanes in a 

section within 1000 feet immediately upstream from the middle lane closure. 

There did not appear to be any noticeable adverse driver reaction. 

Based on observed lane change maneuvers and flow past the worksite, the 

strategy appeared to provide an adequate level of safety to both motorists and 

the work crew. This fact, combined with the increased work zone capacity 

achieved, indicates that traffic splitting is a useful strategy for managing 

traffic at relatively short middle lane worksites where no shoulders exist. 

The "traffic spl itting" approach shoul d only be used for short sections 

and should not be used immediately upstream from high-volume exit ramps. There 

is a possible danger that drivers desiring to exit could be trapped in the 

left lane; erratic maneuvers may occur. 

11 
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* Slow sign recently deleted from Texas MUTCD i 
if used should be supplemented with an 
Advisory Speed Plaque 

** Special "Traffic Split II Sign 

• • • • • • • • • • • • • • 
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Legend 

" 

I' On Ramp (Open) 

)/' On Ramp (Closed) 

, Off Ramp (Open) 

Figure 6. Traffic Control Strategy Used to Perform Center Lane Hark 
on Sections of 1-45 without Shoulders (Traffic Splitting) 
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Summary of Estimated Capacities 

Table 1 summarizes the estimated capacities of the three strategies used 

to close the middle lane of a three-lane freeway section. The capacities are 

based on the results of the Houston studies. 

TABLE 1. TRAFFIC CAPACITY OF CLOSURE STRATEGY 

Strategy 

Conventional 2-Lane Closure 
Traffic Shifting (Shoulders) 
Traffic Splitting (no shoulders) 

*Influenced by site conditions 

13 

Number of 
Lanes 
Open 

1 

1 + Shoul der 
2 

Estimated 
Capacity 

(vph) 

1 ,400-1,600* 

3,000 

3,000 



SPECIAL TRAFFIC MANAGEMENT REQUIREMENTS 

Special attention must be given to handling mainlane, ramp, and frontage 

road traffic during urban freeway maintenance activities. Although the MUTCD 

provides minimum standards, there are additional operational and Signing 

procedures that can enhance traffic flow during freeway closures for road work. 

Report 228-8 identifies and describes the speCial traffic handling require­

ments for maintenance work zones on urban freeways (i). These special require­

ments stem from the high speeds, heavy traffic volumes, and unique design 

features (e.g., ramps and frontage roads) which characterize urban freeways in 

Texas. The information and guidelines presented are based on field studies and 

interviews conducted at over 50 work zones in six Texas cities. 

Ramp Closures 

Entrance and exit ramps may need to be closed at freeway work zones to 

protect the work crew and/or facilitate the work activity. Entrance ramps may 

also be closed to reduce mainlane traffic flow at work zones where capacity 

is a problem. 

Ramps should be closed only when needed and as long as needed. The public 

should be notified in advance of ramp closures by special signing, newspaper 

releases, etc. Typical ramp closure strategies for exit ramps and entrance 

ramps are illustrated in Figures 7 and 8. 

Permissive Use of Ramps 

It may be desirable to keep certain work area exit and entrance ramps 

open. In these situations, ramp traffic should be controlled with signing and 

channelizing devices to protect the work crew and prevent driver confusion. 

14 



Frontage Road 

Mainlanes 

- Channelizing Devices 
: Flogger 

Notes 

- . --- ........... -_ ............. _­.. 
... 

1. Cone spacing should be reduced at the ramp and ramp deceleration 
lane to discourage ramp use. 

2. Barricades, barrels, or a parked vehicle with beacons will be 
used to block the exit ramp to prevent ramp use. Barricades and 
barrels are preferred at night, however, because of their 
increased visibility. 

3. A flagman or policeman may be stationed at the ramp as needed. 

4. Standard advance warning signs must be used upstream from the 
IIRamp Closed Ahead ll sign. 

Figure 7. Typical Exit Ra~p Closure 
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Frontage Road 

Notes 

Entrance Ramp 
to Freeway 

• Channelizing Device 
C:::~i Barricade 

1. A parked vehicle may be used to block ramp entry. 

2. A flagman or policeman may be stationed at the ramp as needed. 

Figure 8. Typical Entrance Ramp Closure 
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Typical traffic control strategies for permissive use of work area exit and 

entrance ramps are illustrated in Figures 9 and 10. 

Frontage Road Operations 

Freeway maintenance activities can have an adverse effect on frontage 

road traffic operations. Frontage road operations are particularly critical 

when large volumes of traffic are diverted to the frontage road. Diversion to 

the frontage road occurs when an entrance ramp or the freeway is closed. Diver­

sion also occurs IInaturallyll when congestion develops on the mainlanes. 

When traffic is diverted to the frontage road during a freeway maintenance 

activity, it may be necessary to re-time traffic signals at some frontage road 

intersections or provide special intersection traffic control (e.g., flagman 

or police). Parking on the frontage road should also be prohibited and no­

parking zones enforced. These traffic control measures will increase frontage 

road capacity, thus reducing motorist delay and inconvenience. 

Ramp capacity can also be a problem at freeway work zones where traffic 

is diverted to the frontage road. Several approaches for increasing ramp 

capacity are available, including the following: 

1. Encouraging two-lane flow at single lane entrance ramps (Figure 11). 

2. Providing a IIfree lane ll at exit ramps (Figure 12) 

3. Encouraging diversion at several ramps (Figure 13). 

Advance Notification 

Drivers should be given advance notification of freeway work activities 

wherever possible. Advance notification of freeway and ramp closures is 

particularly important. 

17 



Frontage Rood 

Mainlanes 

• Channelizing Devices 
IFlagger 

Notes 

RAMP EXIT 
PERMISSIBLE 

1. Cone spacing should be reduced at the ramp and deceleration lane. 

2. A "shadow truck" may be positioned downstream of the exit ramp 
to protect the work crew. 

3. A flagman or policeman may be stationed at the ramp as needed. 

4. Standard advance warning signs must be used upstream from the 
"Ramp Exit Permissible" sign. 

5. Where traffic volumes, speeds, sight distance or other such 
factors may warrant a deceleration lane and where a deceleration 
lane will not infringe upon the work area, it may be desirable 
to delineate a deceleration lane with channelizing devices to 
allow exiting traffic a lane in which to reduce speed. 

Figure 9. Typical Traffic Control at Work Area Exit Ramps 
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Frontage Road 

Work Area 

•• •• •• • • •• •• - •• _ •• ..!.- ... - • .. -

• Channelizing Devices 
lFlagger 

Notes 

_ .. -

1. Cone spacing should be reduced at the ramp. 

Mainlanes 

. _. _ . .. 

2. A "shadow truckll should be placed in the closed lane(s) between 
the entrance ramp and work crew. 

3. A flagman or policeman may be stationed at the ramp as needed. 

4 •. ~ .. Standard advance warning signs must be used upstream from the 
lane closure. 

• • 

5. Where traffic volumes, speeds, sight distance or other such 
factors may warrant an acceleration lane and where an acceleration 
lane will not infringe upon the work area, it may be desirable to 
delineate an acceleration lane with channel izing devices to allow 
entering traffic a lane in which to gain speed. 

Figure 10. Typical Traffic Control at ~/ork Area Entrance Ramp 
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Frontage Rood 

• 
• . _. _. ----

• Channelizing Devices 
IFlagger 

Notes 

l~ 
ONLY 

Mainlanes 

LEFT LANE 
MUST ENTER 

FREEWAY 

1. Temporary pavement markings may be used in place of the channelizing 
devices. 

2. A flagman or policeman may be stationed at the ramp as needed. 

Figure 11. Providing Two Lanes at a Single-Lane Entrance Ramp 
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Frontage Rood 

• .... 1--.. • • ..-•• '"'". • 

.Channelizing Devices 
lFlagger 

Notes 

• • • • • 
(AS NEEDED) 

1. A flagman or policeman may be stationed at the ramp as needed. 

2. This approach may not be practiced if the exit ramp is very close 
toa frontage road intersection since weaving problems can result. 

Figure 12. Providing a "Free Lane ll on the Frontage Road 
for Exit; ng Traffi c 
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Ii Channelizing Devices 

Note 

Appropriate signing, arrowboards, etc., should be installed at work 
lone, depending on site conditions. 

Figure 13. Encouraging Diversion at Two Exit Ramps 
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There are several methods for notifying drivers of a scheduled work 

activity, including newspaper releases, radio and television reports, and 

special signing. Advance notification signing is particularly effective 

since it displays specific information to those drivers who will be affected 

by the work activity. 

Traffic Control Coordinator 

There should be an individual, called a "Traffic Control Coordinator,1I at 

every freeway maintenance work zone who has the responsibility and authority 

to make important traffic control decisions. The Traffic Control Coordinator 

should continuously monitor changing work and traffic conditions at the work 

zone. He or she should open and close ramps, station flagmen, request police 

assistance, alter the traffic control plan, etc., as needed. 

Traffic Control Specialist 

At freeway work zones, flagmen perform several critical and somewhat 

unique traffic control functions. In order to reflect their expanded roles, 

they shoul d be called "Traffi c Control Special ists.1I 

These specialists should be supervised by the Traffic Control Coordinator 

and used only where needed. Normally, Traffic Control Specialists are best 

utilized at ramps and frontage road intersections. They may have less success 

in controlling high speed mainlane traffic. The effectiveness and safety of 

Traffic Control Specialists may be enhanced if they wear special clothing. 

Use of Police 

During freeway maintenance activities, police can provide vital traffic 

control services. They can control traffic at ramps and intersections, 
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prevent illegal freeway access, enforce frontage road no-parking zones, and 

increase driver alertness and obedience to traffic control devices. It is 

essential, therefore, that Districts establish good communication and coopera­

tion with local police agencies. 
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FREEWAY WORK ZONE CAPACITY 

Report 228-6 summarizes findings of capacity studies conducted at 28 

maintenance and construction work zones on freeways in Houston and Dallas (lQ). 

Capacity with Work Crew at Site 

Figure 14 illustrates the range of volumes measured at several worksites 

while the work crew was at the site. All volumes were measured while queues 

were formed upstream from the lane closures, and thus, essentially represent 

eithe·r the capacities of the bottlenecks created by the lane closures or the 

effects of drivers gawking because of the work crew and machinery. Each point 

in the figure represents the volume observed during one study; therefore, it 

is easy to view how the data cluster for each lane closure situation. 

The average capacity for each closure situation studied is shown in 

Table 2. The data show that the average lane capacity for the (3,2) and (4,2) 

combinations was approximately 1500 vehicles per hour per lane (vphpl). (The 

designation (A,B) is used to refer to the various lane closure situations 

evaluated. "A" represents th.e nurnber of lanes in one direction during normal 

operations; "B" is the number of lanes open in one direction through the work 

zone. ) 

The studies conducted at worksites with (5,2) and (2,1) closure situations 

indi cate si gni fi cant reducti ons in capacity (compared to 1500 vphpl). The 

average capacity for these two situations was approximately 1350 vphpl. 

Studies at (3,1) sites revealed even a greater reduction in capacity. 

The average capacity was found to be only 1130 vphpl. 

Figure 15 shows the cumulative distributions of the observed work zone 

capacities. The function of the figure is to assist the Districts in 
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TABLE 2. MEASURED WORK ZONE CAPACITY 

Number of Lanes Number Average Capaci ty 
of 

Normal Open Studi es vph* vphpl** 

3 1 5 1130 1130 

2 1 8 1340 1340 

5 2 8 2740 1370 

4 2 4 2960 1480 

3 2 8 3000 1500 

4 3 4 4560 1520 

* Vehicles per hour 
** Vehicles per hour per lane 
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identifying risks in using certain capacity values for a given lane closure 

situation to estimate the effects of the lane closures (e.g., queue lengths). 

Capacity with No Work Activity at Site 

Three studies were conducted at construction sites during the peak period 

while the work crew was not at the site. These studies were conducted in 

Houston on a 3-lane section of southbound 1-45. Two lanes were open during the 

studies. The average capacity for this (3,2) lane closure situation was 

1800 vphpl. 

One study was conducted on the north 1-610 Loop in Houston. The right two 

lanes of a 4-lane section were closed. There was no work activity in the closed 

lane immediately adjacent to traffic. A work crew and its machinery did occupy 

the shoulder lane, however, which was one lane removed from moving traffic. 

The volumes measured on the two open lanes over a period of 30 minutes were as 

follows: 925 vehicles in the lane adjacent to the closure and 730 vehicles in 

the median lane. These 3D-minute volumes are equivalent to flow rates of 

1850 vph and 1475 vph. It was apparent from field observations that the demand 

volumes were lower than the capacity of the two open lanes. Queues did not 

form upstream from the work activity or the cone taper. There was available 

capacity in the median lane. The work crew (one lane away from an open traffic 

lane) did not affect flow thru the work zone. It is estimated that the 

capacity of the two open lanes under the above-cited conditions was about 

1800 vphpl. This volume could probably be sustained as long as queues do not 

form. 

29 



I 



MOVING MAINTENANCE OPERATIONS 

Report 228-4 documents problem areas identified following the observation 

of five moving maintenance operations on urban freeways in Texas OJ). Recom­

mended approaches to alleviating these problems are also discussed. 

The safety problems identified were grouped into two categories. The 

first category is freeway deSign-related; the second is operational-related. 

F reew ay Des i gn- Re 1 a ted P rob 1 ems 

Freeway deSign elements that contribute to potential safety problems dur-

ing moving maintenance activities are: 

• entrance and exi tramps, 

• major interchanges (freeway-to-freeway), and 

• horizontal and vertical curvature. 

Problems at entrance and exit ramps are most frequent when the maintenance 

caravan is on the shoulder or middle lanes. The problems result from driver 

confusion at ramps near the work activity. Frequently drivers cross through 

the caravan or make erratic maneuvers because they are uncertain about how to 

use the work area ramps. 

Problems created by entr~nce and exit ramps can be alleviated by temporary 

ramp control, advance signing, and/or better control of the caravan length. 

When the shoulder lane is blocked at entrance ramps, entering traffic can be 

controlled through the use of a ramp control vehicle. An advance signing 

vehicle, coupled with control of the caravan length, is recommended to reduce 

the confusion and indecision of motorists near exit ramps, or when the caravan 

is blocking one of the middle lanes upstream from an exit ramp. 
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Major problems at freeway-to-freeway interchanges generally occur when 

the caravan is near the exit ramp connectors or the entrance ramps from the 

crossing freeway. The problems are due to lane drops and driver confusion 

in identifying the proper lane they should be in for the desired routing. 

Special interchange signing and temporary ramp closure are recommended solu­

tions. 

The major problem associated with horizontal and vertical curvature is one 

of providing adequate driver sight distance to the maintenance caravan. This 

problem Can be reduced through advance signing and by controlling caravan 

length. Advance signing would help drivers identify the blocked lane. I~'ain­

taining a controlled caravan length can be accomplished in two ways. The first 

method requires that the caravan retain uniform vehicle spacing and travel at 

its normal speed. In the second method, the trail vehicle stops at a point on 

the curve where there is sufficient sight distance for approaching motorists 

to leave the blocked lane. The trail vehicle remains stopped until the leading 

portion of the caravan clears the curve. When sufficient sight distance is 

available the trail vehicle should move to its normal spacing. 

Operational Problems 

The second category of problems is termed "operational ll because the 

problems are related to the manner in which the moving maintenance is performed. 

Operational problems observed include: 

• improper use of arrowboards, 

• lack of uniform procedures for freeway entry and exit, 

• large spacing between caravan vehicles, and 

• unnecessary lane blockage by the caravan. 
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These problems can be alleviated through the developement of improved guide­

lines and uniform procedures. 

Flashing arrowboards have recently become the primary signs for the 

trailing vehicles on urban freeways because of their high target value. The 

problems observed were ones of misuse or overuse. When the caravan was off the 

roadway or not performing maintenance, the arrowboard remained in operation. 

Thus, incorrect information was displayed to approaching motorists. Arrow­

boards also displayed incorrect information when they were left on after the 

caravan entered or exited the freeway. These problems can be eliminated by 

placing the arrowboard in the "caution" display mode when the crew is not in 

the act of performing maintenance. (Note: The arrowboard controls on most 

vehicles are mounted outside the truck. Placement of additional controls inside 

the truck cab would allow the display message to be changed as needed.) 

The movement of the caravan onto or off of the freeway can have a major 

impact on the operation of the facility in terms of roadway capacity, flow, 

speeds, lane changes, and driver confusion. The entry and exit procedures 

differed for each maintenance crew observed, indicating a lack of uniform pro­

cedures. 

The development of uniform procedures is required to eliminate the problems 

observed during caravan entry and exit onto and off of the freeway. The 

suggested procedures are discussed in Report 228-4. 

Large spacing between caravan vehicles encourages motorists to cross 

through the caravan. This violates one of the primary purposes of a caravan. 

This problem can be reduced through the development of guidelines for caravan 

spacing. 
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Poor planning resulted in prolonged and unnecessary lane closures during 

some of the observed maintenance operations. In particular, the failure of 

maintenance crews to antiCipate supply requirements (e.g., paint, pavement 

markers, or epoxy) caused unnecessary delays while the caravan occupied the 

travel lane. The work stoppage observed ranged from momentary to more than one 

hour. These work delays extend the time that a lane is closed to traffic. 

Supplies were normally kept on one of the vehicles in the caravan; thus workers 

were forced to walk adjacent to fast moving traffic to carry the supplies to 

th€ applicator vehicle. 

Unnecessary lane blockage can be eliminated with proper planning and 

scheduling. Planning is accomplished by (lividing the project into 

sections. These sections should be no longer than the capabilities of the 

loaded striper or epoxy applicator. This will allow the striper or applicator 

to be serviced while the caravan is out of the main lanes and off of the 

roadway. 
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REAL-TIME DISPLAYS 

Changeable message signs (CMSs) and Highway Advisory Radio (HAR) are 

playing increasing roles in managing traffic. Studies were conducted to 

determine the feasibility of using these management tools during freeway 

maintenance and construction. The results are summarized in this section of 

the Final Report. Details are presented in Report No. 228-9 (]£). 

Changeable Message Signs 

The studies revealed that CMSs can be effective traffic management tools 

for freeway roadwork when they are properly used in work zones. Drivers 

change lanes farther upstream from the closure. In addition, many drivers are 

willing to divert to other freeway alternate routes to avoid the freeway work 

area. 

CMSs should not be used in place of flashing arrowboards. Arrowboards 

are very effective devices and should be used for most lane closures on 

urban freeways. 

Highway Advisory Radio 

Studies were conducted at a major maintenance work zone on a rural Inter­

state highway in Texas to evaluate the use of Highway Advisory Radio (HAR) for 

wor~ zone traffic management. The st~dies revealed that the HAR had little or 

no effect on traffic operations at the work zone because of two factors. First 

the conventional Signing at the work zone was excellent and the HAR functioned 

only as a supplemental information source. Second t the advanced Signing used 

to encourage motorists to tune to the HAR broadcasts was apparently inadequate 

in terms of legibility and visibility. 
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Even though the HAR system did not significantly affect traffic operations 

at the work zone evaluated, the studies indicated that HAR may have good 

potential for work zone traffic management in certain applications (e.g., for 

displaying long or complicated diversion messages at long-term work zones). 

HAR is not practical for most maintenance operations because of current 

Federal Communication Commission regulations and licensing requirements. 

The studies also revealed that existing HAR hardware (with a monopole 

antenna system) performs adequately. Motorists, generally speaking, were 

satisfied with the quality of the broadcasts and supportive of' this innovative 

approach to work zone traffic management. 
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FLAGGER SIGNALS AND SIGNALING DEVICES 

An exploratory human factors laboratory study was developed to evaluate 

drivers' understanding of various flagger signals and signaling devices for 

work zone traffic control. Details are presented in Report 228-3 (~). The 

study evaluated 13 signals (Figure 16) including: 

1. Seven standard signals recommended in the 1980 Texas MUTCD. 

2. Two signals recommended in the original 1973 Texas MUTCD~ but not 

included in the 1980 Texas MUTCD. 

3. Two signals recommended for use by police by the Northwestern 

University Traffic Institute. 

4. Two non-standard signals which combined standard signals from the 

1980 Texas MUTCD. 

1980 Texas MUTCD Signals 

Five of the seven signals recommended in the 1980 Texas MUTCD (Signals 1, 

3,6,7, and 8) appeared to be understood by most drivers. These five signals 

involve the use of a STOP-SLOW sign paddle and/or hand motions. 

The two signals recommended in the 1980 Texas MUTCD which were not 

generally understood by the study participants (Signals 2 and 9) involve the 

use of only a red flag. This finding suggests that a red flag used alone is 

a relatively ineffective traffic control device. 

1973 Texas MUTCD Signals (Deleted Signals) 

The two signals recommended in the original 1973 Texas HUTCD~ but not 

included in the 1980 Texas MUTCD (Signals 11 and 12), were not generally 

understood by the drivers. The deletion of these signals from the 1980 

Texas MUTCD apparently is in the best interest of work zone safety. 
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Signal Intent: Stop traffic 
Description: The flagger holds the sign 

paddle in a stationary position 
with the ann extended horizontally 
away from the body. The free arm 
is raised with the palm toward 
approaching traffic. 

Device(s) Used: STOP Sign Paddle and Hand 
Source: 1980 Texas MUTCD 

S-ignal Intent: Stop traffic 
Description: The flagger faces traffic 

and extends the flag horizontally 
across the traffic lane in a 
stationary position so that the 
full area of the flag is visible 
hanging below the staff. 

Device(s) Used: Flag 
Source: 1980 Texas f.1UTCD 

Signal Intent: Stop traffic 
Description: The flagger faces traffic 

and extends the flag horizontally 
across the traffic lane in a 
stationary position so that the 
full area of the flag is visible 
hanging below the staff. The free 
arm is raised with the palm toward 
approaching traffic. 

Device(s) Used: Flag and Hand 
Source: 1980 Texas MUTCD 

Figure 16. Flagger Signals Evaluated in the Study 

37 



® 

® 

Signal Intent: Stop traffic 
Description: The flagger points with his 

arm and finger and looks straight at 
the driver. He watches the driver 
and holds this point until seen. 
Then, the pointing hand is raised 
(but not the whole ann) so that the 
palm is toward the driver. 

Device(s) Used: Hand 
Source: Police Handbook 

Signal Intent: Stop traffic 
Description: The flagger faces traffic 

and extends the flag horizontally 
across the traffic lane in a 
stationary position so that the full 
area of the flag is visible hanging 
below the staff. The left arm is 
raised with the STOP sign paddle 
facing approaching traffic. 

Device(s) Used: STOP Sign Paddle and Flag 
Source: Combination of two signals from 

the 1980 Texas MUTCD, resulting in a 
non-standard signal. 

Signal Intent: Encourage traffic to 
proceed 

Description: The flagger stands parallel 
to the traffic movement, and with 
flag and arm lowered from view of 
the driver, motions traffic ahead 
with his free arm. The flag is not 
used to signal traffic to proceed. 

Device(s) Used: Hand 
Source: 1980 Texas ~mTCD 

Figure 16. Flagger Signals Evaluated in the Study (Continued) 
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Signal Intent: Encourage traffic to 
proceed 

Description: A SLOW sign paddle is held 
in a stationary position with the 
arm extended horizontally away from 
the body. The flagger motions 
traffic ahead with his free hand. 

Device(s) Used: SLOW Sign Paddle and Hand 
Source: 1980 Texas MUTeD 

Signal Intent: Alert and slow traffic 
Description: The flagger holds the SLOW 

sign paddle in a stationary position 
with the arm extended horizontally 
away from the body. 

Device(s) Used: SLOW Sign Paddle 
Source: 1980 Texas MUTeD 

Signal Intent: Alert and slow traffic 
Description: The flagger faces traffic 

and slowly waves the flag in a 
sweeping motion with the extended 
arm from the shoulder level to 
straight down without raising the 
arm above a horizontal position. 

Device(s) Used: Flag 
Source: 1980 Texas MUTeD 

Figure 16. Flagger Signals Evaluated in the Study (Continued) 
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Signal Intent: Alert and slow traffic 
Oescri pti on: The fl agger faces tra ffi c 

and slowly waves the flag in a 
sweeping motion with the arm extended 
from the shoulder level to straight 
down without raising the arm above 
a horizontal position. The SLOW 
sign paddle is held in a stationary 
position with the arm extended 
horizontally away from the body. 

Oevice(s) Used: SLOW Sign Paddle and 
Fl ag . 

Source: Combination of two signals from 
the 1980 Texas MUTCD, resulting in 
a non-standard Signal. 

Signal Intent: Alert traffic 
Description: The flagger faces traffic 

and waves the flag in a sweeping 
motion of the arm across the front 
of the body without raising the arm 
above a horizontal position. 

Oevice(s) Used: Flag 
Source: 1973 Texas MUTCD 

(Not incl uded in the 1980 Texas MUTCD) 

Signal Intent: Slow traffic 
Description: The flagger faces traffic 

and extends the flag horizontally 
across the traffic lane in a 
stationary position so that the 
full area of the flag is visible 
hanging below the staff. Then the 
flagger stands parallel to the 
traffic movement, and with the flag 
and arm lowered from view of the 
driver, motions traffic ahead with 
hi s free ann. 

Device's) Used: Flag and Hand 
Source: 1973 Texas 14VTCD 

(Not included in the 1980 Texas MUTCD) 
.. F.Jgur~ 16-. Flagger Signals Evalu~ted in the Study (Continued) 
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Signal Intent: Encourage traffic to 
turn 1 eft 

Description: The flagger gives the stop 
signal with his right arm to stop 
traffic in the opposing lane. 
Holding this stop signal, he gives 
a turning gesture with his left arm. 

Device(s) Used: Hands 
Source: Police Handbook 

Figure 16. Flagger Signals Evaluated in the Study (Continued) 
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Stopping Traffic 

Signal 1 (STOP sign paddle and hand motion) and Signal 3 (flag and hand 

motion) were understood by most drivers in the study. Both of these signals 

are included in the 1980 Texas MUTCD. Based on the study results, their 

continued use is recommended. 

Signal 2 (flag only), on the other hand, is apparently not understood by 

many motorists, even though it is included in the 1980 Texas MUTCD. Based on 

this finding, the use of Signal 2 is discouraged. 

Signal 4 (police hand motion) and Signal ~ (STOP sign paddle and ~lag) 

performed well in the study, in terms of driver understanding. However, the 

use of these signals would probably not offer any advantages over Signals 1 

or 3; therefore, Signals 4 and 5 are not recommended for work zone traffic 

control. 

Encouraging Traffic to Proceed 

Signal 6 (hand motion) and Signal 7 (SLOW sign paddle and hand motion) 

were understood by most motorists. Their use at work zones for encouraging 

stopped traffic to proceed is supported by the study results. Both of the 

signals are recommended in the 1980 Texas MUTCD. 

Alerting and Slowing Traffic 

Signal 8 (SLOW sign paddle) was the only signal for alerting and slowing 

traffic which was understood by most drivers. This signal is recommended in 

the 1980 Texas MUTCD and its use is supported by the study results. 

Four other signals for alerting and slowing traffic were tested (Sig­

nals 9-12); however, none of these signals were generally understood by the 
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motorists. Their use, therefore, is not recommended. One of these deficient 

signals, Signal 9 (flag only), is included in the 1980 Texas MUTCD. 

Encouraging Traffic to Turn Left 

The police hand signal for encouraging traffic to turn left (Signal 13) 

was understood by over 80 percent of the drivers. This Signal and others 

,currently used by pol ice show promi se for work zone traffi c control. 

Needed Messages 

The 1980 Texas MUTCD only addressed three aasic flagging messages (stop, 

slow, and proceed), and thus the functions of the work zone flagger are cur­

rently somewhat limited. Consideration should be given to developing signals 

which convey other messages such as: 1) change lanes or merge into one lane, 

2) turn left or right, 3) maintain speed, 4) detour or divert, and 5) use 

shoulder. 

Training 

The work zone flagger performs a vital function in promoting traffic 

safety and operational efficiency. Unfortunately, flagging is viewed by many 

as a menial, relative1y unimportant task. The least experienced or productive 

worker is often assigned the flagging duty without receiving instruction on 

proper traffic control procedures. Flagger morale is usually very low. 

It is recommended that the image and effectiveness of the f1agger be 

improved. Proper training and instruction for all flaggers is essential. 

They should be fa!"1iliar with proper work zone traffic control techniques and 

devices, and know how to use these tools to protect the safety of the work crew 
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and motoring public. Flaggers should have a basic knowledge of traffic flow 

characteristics (e.g., speed, volume, and capacity), and how these character­

istics rerate to efficient work zone traffic operation. 

Job Title 

It is also suggested that "flaggers" or "flagmen" be referred to by a more 

descriptive term, one which better reflects their function and importance (e.g., 

Traffic Control Specialists). In many instances, the IIflaggerll is the most 

important member of the work crew. He (or she) is responsible for traffic 

safety and operations at the work zone and for promoting public understanding 

and acceptance of the work zone operation. 

Attire 

It should be noted that, in addition to driver understanding, other factors 

influence motorist reaction to a particular flagging signal. Flagger appearance 

is one of these factors. A flagger should be highly visible in the work zone 

environment and command the attention and respect of passing motorists. As 

a minimlJm, a flagger should be attired in accordance with MUTeD guidelines 

(e.g., wear an orange safety vest and optional white hardhat). The develop­

ment of a speCial flagger lI un iform" may be the best means, however, of pro­

moting flagger visibility and respect. In fact, special uniforms (white 

overalls and orange vests) have been worn by flaggers at maintenance work zones 

on freeways in Houston with reported success (li). 
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APPENDIX 

METRIC CONVERSION FACTORS 

= 
Approximate Conversions to Motric Measures co 

~= 
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Approxima'te Conversions from Metric: Measures N 

Symbol WhmYou Know Multiply by To Find Symbol = f: Symbol Wh.n You Know Multiply by To Find Symbol =--
LENGTH co LENGTH 0 

N - = 
in im;ha "2.5 centi meters em co mm millim.ters 0.04 Inches in 
It feet 30 c.ntimeters cm - cm centimet.rs 0.4 ineha in 
yd yards 0.9 meters m -;;;----::= co m muters 3.3 f •• t ft -m! mila 1.6 kilomet.rs km m meter. 1.1 yards yd 

= ,.. km kilometers 0.6 mil .. mi 
AREA == -

co AREA 
in' square Incha 6.5 sq_. centlmet.rs em' co 

III 
ft' square f.et 0.09 sq .... r. m.ters m' = - cm' square centimuters 0.16 sq .... r. inch •• In' = ydl lIquar. yard. 0.8 squer. met.rs mt • m' , sq .... r. met.rs 1.2 sq .... r. yards yd' 
mil squar. mila 2.6 sqUlr. kilomut.rs km' = - km' square kilom.t.rs 0.4 squar. mll.s mit 

aeres 0.4 h.cta,a hi M hi hectera (10.000 m') 2.5 acra 
co ... 

.po MASS (weight) N MASS (weight) -....... -
oz ounces 28 IIrams g - II grams 0.035 oUllea oz - -Ib pounds 0.45 kilovrams kll ". k, kilogram. 2.2 pounds Ib 

shor' tons 0.9 tonnes ~-
0 t tonna (1000 kg) 1.1 sho,t tons 

\2000 Ib) == -----0; VOLUME 
VOLUME - ii!!i- co 

W = ml milliliters 0.03 fluid ounces floz = tsp ' .. spoons Ii milliliters ml !! ,.. I lit.rs 2.1 pints pt 
Tbsp tabl.spoon. 15 milliliters ml I lit.rs 1.06 que,ts qt 
floz fluidou_ 30 millilit.r. 'ml 10 I liters 0.26 !J.IIllons gil 
e cups 0.24 lit.rs I - m' cubie metefS 35 eubic t •• t ftl 
pt pint. 0.47 lit.rs I N - In m' cubie meters 1.3 cubic yards yd' 
'It quart. 0.95 liters I == 
gel lIallons 3.8 liter. I EiIi • TEMPERATURE (exacd 
ft' cubic f.et 0.03 cubic miters m' -
yd' cubic yard, 0.76 cubic meters m' - M °c C.lsius 9l5lth.n Fahrenh.it OF 

TEMPERATURE (exact) 
t.mperatu,. add 32) temp.ratur. 

= N 

~ :: -=---
OF Fahrenheit 619lafter Celsius °c = e'" 

subtracting temperature S - = Col OF t.mperatur. OF 
321 32 98.6 212 

..4lf I I I ? I 114~ I I • B!' , I ,'~. I ,'~. , 12~0 ~ I I I r I I Ii, I 

·'In • 2.54 (.II.cllvl. For other .lCact conversions and mor. d.tailed tabl.s. _ NBS ..4l0 ·20 0 20 40 60 80 100 
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