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Field Evaluation of Work Zone Speed Control Techniques 

STEPHEN H. RICHARDS, ROBERT C. WUNDERLICH, and CONRAD L. DUDEK 

ABSTRACT 

The results of field studies conducted in Texas to evaluate selected methods of 
slowing work zone traffic to acceptable speeds are presented. The studies were 
performed at six work zone sites, including two rural freeway sites, one urban 
freeway site, one urban arterial site, and two rural highway sites. The follow
ing work zone speed control methods were studied: flagging, law enforcement, 
changeable message signs (CMSs), effective lane width reduction, rumble strips, 
and conventional regulatory and advisory speed signing. The study results indi
cate that flagging and law enforcement are effective methods for controlling 
speeds at work zones. The best flagging treatment tested reduced speeds an 
average of 19 percent for all sites, and the best law enforcement treatment 
reduced speeds an average of 18 percent. In contrast, the best changeable mes
sage sign and effective lane width reduction treatments tested each reduced 
speeds by only 7 percent. An innovative flagging procedure, a police traffic 
controller, and a stationary patrol car were found to be the most effective 
treatments on most highway types. A circulating patrol car and rumble strips 
were found to be ineffective treatments for controlling work zone speeds. Al
though conventional regulatory and advisory signing was found to be ineffective 
in reducing work zone speeds, conventional speed signs are an essential compo
nent of any work zone speed control effort. 

Speed control through highway work zones has been a 
topic of concern for several years (1,2). Recent 
studies have indicated that excessive -work zone 
speeds can adversely affect the safety of the work 
crew and motorists. For example, in reviewing rural 
work zone accidents in Ohio, Nemeth and Migletz (3) 
found that excessive speed was cited 5 1/2 tim~s 
more frequently than any other accident-producing 
factor. Richards and Faulkner (_!) observed that 
speed violations contributed to 27 percent of the 
work zone accidents in Texas compared to 15 percent 
of non-work zone accidents. Humphreys et al. (2) 
visited 103 work zones in several states and con
cluded that unsafe speeds within work zones and in
effective attempts at speed reduction are primary 
causes of work zone accidents. 

In an attempt to control work zone speeds, high
way agencies have followed standard signing prac
tices (i.e., posting regulatory. or advisory speed 
signs, or both). However, work zone drivers do not 
always slow down in response to posted speed limits 
(1_). 

Other methods, besides signing, have been tried 
in an attempt to reduce work zone speeds to the de
sired level. Table 1 gives some of these techniques 
that were identified in a recent study (~). However, 
the overall and relative effectiveness of many of 
these techniques is unknown. 

STUDY DESCRIPTION 

Purpose and Scope 

A series of field studies was conducted at several 
work zones in Texas to (a) determine the effective
ness of selected speed control methods in reducing 
speeds at work zones on different types of highways 
and {b) evaluate specific selected speed control 
treatments (~,~). 

.1.11~ sluU.ie!::> evaluated tne short-term {Or im
mediate) effects of the selected speed control meth-

ods. It was not practical within the scope of the 
research to leave speed control treatments in place 
for extended time periods so that long-term effects 
could be studied. 

Speed Control Methods 

Four principal speed control methods were selected 
for full-scale field testing: flagging, law enforce
ment, CMSs, and effective lane width reduction. In 
addition, rumble strips were tested at two of the 
sites. Conventional speed signing (regulatory or 
advisory) was also evaluated as a base condition at 
all sites. 

Study Sites 

The studies were conducted at six work zone sites on 
four types of highways: 

1. Undivided multilane arterial (one site) 
2. Rural freeway (two sites) 
3. Urban freeway (one site) 
4. Rural two-lane, two-way highway (six sites) 

Table 2 gives the study sites by highway and loca
tion and also summarizes prevailing site conditions 
including type of work activity, location of work, 
traffic control strategy, traffic volumes, percent
age trucks, and posted and prevailing speeds. Con
struction or major maintenance work was in progress 
at all of the sites during the studies. 

Study Design and •rreatments 

The study approach was an incomplete factorial de
sign in which several treatments within each speed 
control approach were tested, but all treatments 
were not tested at every site. Limitations in equip-
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TABLE 1 Work Zone Speed Control Methods 

Method 

Changeable message signs 

Overhead flashing signals 

Iowa weave section 

Flagging 
Pacing 
Rumble strips 
Transverse striping 

Effective lane width 
reducing ("funneling") 

Law enforcement 
Speed humps and bumps 

Description 

Changeable message signs are installed in the work zone to display speed advisories 
based on real-time conditions. 

Flashing yellow lights are suspended over the travel lanes on span wire with or without 
accompanyjng signing to warn of a hazardous condition . 

Drivers are forced to negotiate a reverse curve created by cones upstream of the hazard 
area , 

A flagger, equipped with a paddle or flag, signals traffic to slow. 
A special pace vehicle leads a line of vehicles through the work area at a reduced speed . 
A series of raised strips is installed upstream of the hazard area. 
A series of colored markings (usually white) is installed on the pavement upstream of 

the hazard area. 
Lane width is effectively narrowed to create a "funneling" effect. 

Law officers who may issue citations to speeders are deployed at the work zone. 
A hump or bump, designed to jolt vehicles traveling over a desired speed, is placed 

across the travel Janes. 

TABLE 2 Site Summary 

Directional 
Traffic Mean 

Traffic Volume, VPH Approach Posted 
Site Work Location of Control Average Trucks Speed Speed' 
No. Location Type of Road way Activity Work Activity Strategy (range) (%) (mph) (mph) 

FM 1960 Urban 4-lane undivided Construction of Within normal Detour 800 15 54 35 (R) 
near arterial with continuous overhead travel lanes (650-950) 
Houstonb left-tum land structure 

2 1-35 Rural 4-lane freeway Pavement overlay Left travel lane Left lane closure 1,150 IO 60 45 (A) 
near Kyleb (850-1,450) 

3 1-35 Rural 4-lane freeway Interchange Off-roadway both Normal travel 1,000 IO 56 45 (R) 
near Selmab reconstruction sides lanes open (850-1,050) 

4 1-10 in Urban 6-lane freeway Major Within normal Detour 1,550 20 60 40 (R) 
Houstonb reconstruction travel lanes (1,300-1,750) 

FM 2818 Rural 2-Iane highway Widening to 4 Off-road way ad- Shoulder use, 300 12 52 40 (A) 
near Bryan lanes jacent to op- physical separa- (150-450) 

posing Jane tion from work 
activity 

6 SH 105 near Rural 2-lane highway Widening to 4 Off-roadway ad- Physical separation 125 5-10 56 45 (R) 
Navasota lanes jacent to travel from work (100-150) 

lane activity 

~Advisory speed limit ~ {A): regulatory speed limit= (R). 
Taken from Nemeth anJ M1gletz (3). 

ment availability and institutional constraints made 
it impractical to study all treatments at each site 
(2_). The following treatments were studied: 

illustration of each one. Table 4 identifies which 
treatments were studied at each site. 

All of the treatments were supplemented by an 
advisory or regulatory speed sign displaying the de
sired work zone speed. The signing was included at 
the request of the highway agency for liability pro
tection. In addition to its legal function, the 
signing served a critical role in supporting and en
hancing the intended speed message of the various 
treatments. The highway agency established the posted 
(desired) work zone speed at the sites. 

1. Flagging 
• Manual on Uniform Traffic Control Devices 

(MUTCD) flagging (7) 
• Innovative flagging (one side) 
• Innovative flagging (both sides) 

2. Law enforcement 
• Stationary patrol car 
• Police traffic controller 
• Circulating patrol car 
• Stationary patrol car--lights on 
• Stationary patrol car--radar on 

3. Changeable message sign 
• CMS--speed messages only 
• CMS--speed and informational message 
• CMS--speed and informational (alternative 

location) 
4. Effective lane width reduction 

• Lane width reduction--11.5 ft with cones 
• Lane width reduction--12.5 ft with cones 

5. Rumble strips--eight strips with decreasing 
logarithmic spacings 

Table 3 gives a 
Richards et al. 

summary of these treatments, and 
(2_) give a detailed description and 

Study Procedure 

To perform the studies, one of the treatments was 
installed, the necessary data were collected, and 
then the treatment was removed. When the treatment 
had been completely removed and traffic had returned 
to normal, another treatment was installed and the 
procedure was repeated. Treatments were installed in 
one travel direction only. Allowing time for data 
collection, each treatment was in place for 1 to 2 
hr. In general, two or three treatments, plus a base 
condition, were evaluated per day at a site. Thus 
the studies took 3 to 4 days to complete at each 
site. Studies were conducted only during daylight, 
off-peak periods when traffic was free flowing. 
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TABLE 3 Speed Control Treatments Evaluated 

Speed Control Method 

Flagging 

Law enforcement 

CMS 

Effective lane width 
reduction 

Conventional signing 

Rumble strips• 

Treatment 

MUTCD procedure 

Innovative procedure 

Stationary patrol car-lights and 
radar off 

Stationary patrol car-lights on, 
radar off 

Stationary patrol car-lights off, 
radar on 

Circulating patrol car3 

Police traffic controller 

Speed and informational message 

Speed message only 
Cones (12.5 ft) 

Cones (11.5 ft) 
Regulatory signing 
Advisory signing 
8 strips-decreasing spacing 

aTested only on 2-lane highways. 
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Description 

Flagger equipped with red flag and orange vest performed "Alert and Slow" signal de
tailed in Part VI, MUTCD. 

MUTCD "Alert and Slow" signal enhanced by two additional movements: (a) flagger mo· 
tioned traffic to slow with free hand then (b) pointed with free hand to nearby speed sign. 

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

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

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

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

Uniformerl officer standing on side of road next to speed sign and manu~lly motioning traf
fic to slow down. 

One- or three-line bulb matrix sign displaying work zone information message plus a speed 
advisory. 

One- or three-line bulb matrix sign displaying speed advisory. 
On two-lane highways, cones deployed to funnel traffic through a 12.5-ft-wide travel 

path. 
On multilane highways, cones positioned along the pavement edges leaving a 12.5-ft travel 

path between the cones and lane lines. 
Same as above except the travel path width decreased to 11.5 ft. 
Black-on-white regulatory speed sign with the desired work zone speed. 
Black-on-orange advisory speed sign with the desired work zone speed. 
Eight I /2-in.-high, polycarbonate strips installed across the travel lane with decreasing spac

ing, perpendicular to the travel direction. 

TABLE4 Summary of Treatments Studied by Site 

Urban Rural Freeway 
Arterial 
Site 1 Site 2 

Treatment FM 1960 1-35 Kyle 

MUTCD flagging x x 
(L)" 

Innovative flagging x 
Innovative flagging, both sides x 
Stationary patrol car x x 

(L) 
Police traffic controller x 
Circulating patrol car 
Stationary patrol, lights on 
Stationary patrol, radar on 
CMS speed-only message x x 

(L) 
CMS speed and informational message x x 

(L) 
CMS speed and advisory at alternate locations 
Effective lane width reduction, 11.5 ft x x 
Effective lane width reduction, 12.5 ft x x 
No signing x 
Advisory speed signing x 
Regulatory speed signing x 
Rumble strips 

~All trcl)lrnt!nl.S v • ...,ro Jrn1ilcmentod on tho rJe, hl un less noted by (L) Indicating left implementation. 
cBofh left- nnd right~sldc fti:.llll rn<i n ts won .1.tud lDd. 

RumbJu stri 1l~ wauld uot n.dlu:rc to •ho pnYl!l!mcnu thus no data wore collected. 

Rural 2-Lane, 2-
Urban Way Highway 
Freeway 

Site 3 Site 4 Site 5 Site 6 
1-35 Selma 1-10 FM 2818 SH 105 

x x x x 

x x x x 
x xb x x x 

x x 
x x 

x 
x 
x 

x 

x 
x x x x 
x x x x 
x x x x 

x 
x x x x 

x xc 

Data Collection the treatment direction were included. Every effort 
was made to sample unbiasedly and randomly from the 
total directional flow. Treatment effects on speeds were determined by eval

uating speeds at three points (called "speed sta
tions") within the work zone study sites. The first 
speed station at each site was located upstream and 
out of sight of any work zone signing or activity. 
The second station was immediately downstream of 
where the speed control treatments were implemented. 
This station measured initial response to the treat
ments. The third and final station was positioned 
farther downstream of the treatment location to 
determine if the treatments suppressed speeds beyond 
the point of treatment. 

For each treatment, 125-vehicle speed samples 
were collected simultaneously at the three speed 
stations. Only free-flowing vehicles traveling in 

Speeds were determined by measuring vehicle travel 
times through a marked distance on the roadway (i.e., 
"trap" section). A 200-ft "trap" length was used. 
Travel times were manually measured and recorded 
using digital, electronic stopwatches. This data 
collection method allowed individual vehicle speeds 
to be collected to within ±2 mph. 

Data Reduction and Analysis 

The travel time data, classified by treatment type, 
speed station, and site, were stored in computer 
files. Individual travel times were then converted 
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to speeds. Using the MEANS procedure of the Sta
tistical Analysis System (SAS) , mean speed and stan
dard deviation statistics were calculated for each 
station, treatment, and site combination. Speed 
profiles were developed from the mean speed results, 
and cumulative frequency distributions were generated 
for selected treatments at each site. 

Treatments were evaluated on the basis of their 
effectiveness in reducing speeds at Station 2. Rela
tive comparisons among the speed control treatments 
were made by performing one-way analysis of variance 
(ANOVA) tests and Duncan's multiple range tests 
using the ANOVA procedure of SAS. 

FIELD STUDY RESULTS 

General Results 

Figure 1 shows the performance of the various speed 
control treatments at all six sites. The figure 
shows the reductions in mean speed (in mph) and 
percentage speed reduction attained by each treat
ment on a site-by-site basis. The data in the figur·e 
are based on driver responses at Station 2 to the 
treatments and were generated by comparing mean 
speeds when a treatment was in place to mean speeds 
during the base condition. The posted speed at each 
site is shown in the figure for reference. 

Roadwa y Type 

The small number of sites within each roadway cate
gory made it difficult to fully assess the influence 
of roadway type on speed control treatment perfor
mance. Figure 1, however, does support some basic 
trends related to roadway type observed during the 
studies. In general, the speed control treatments 
were less effective in reducing speeds at the urban 
freeway site and more effective at the two-lane, 
two-way highway and urban arterial sites. From Fig-

FIGURE I Summary of speed control treatments by site. 
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ure 1, the best treatment at the urban freeway site 
(Site 4) only reduced the mean speed by 6 mph. How
ever, at the two-lane highway sites (Sites 5 and 6) 
and the urban arterial site (Site 1), the best 
treatment reduced the mean speeds by 16, 10, and 13 
mph, respectively. 

The data, with respect to roadway type, were 
inconclusive for the rural freeway sites (Sites 2 
and 3). At Site 2 the best treatment reduced mean 
speed by 13 mph, but at Site 3 the best treatment 
reduced the mean speed by only 7 mph. 

Site Differences 

It is important to recognize that some of the varia
tion in method and treatment performance was due to 
individual site differences. However, because the 
work zones were generally complicated and diverse in 
character, it is difficult to evaluate what effects 
site differences had on the results. Nevertheless, 
Figure 1 provides some evidence of the apparent site 
effects. 

Sites 5 and 6, for example, were both on two-lane, 
two-way rural highways, and the type of work and 
traffic control strategy were the same at both sites. 
As shown in Figure 1, most of the speed control 
treatments performed significantly better at Site 5. 
Site characteristics that may have accounted for 
this better performance are a matter of speculation. 
Site 5 was nearer to an urban center, and it had 
more repeat drivers, more turning traffic, more 
trucks, and straighter alignment than Site 6. The 
posted speed limit at Site 5 was also lower than at 
Site 6 (40 versus 45 mph). 

Posted Speed 

A desired speed limit, 
agency, was displayed at 
"anchor" speed for the 

•-Speed Reduction Needed 
for the Mean Speed to 
Equal the Posted Speed 

selected by the highway 
each site and used as an 
treatments tested at the 

111 rt0 w• t•~ 
Flagging \ 

Pol ice Tra fff~ \ 

Controller " 

MUTCD 
Flagging----......... 

Stationary~ 
Patrol Car 

LWR 
(ll.5ft ,~ 

LWR _..,,..,.. 
{12 . s ft. I 

Circulating __/" 
Patrol Car 

IO MPH 

lO MPH 

9 MPH 

8 MPH 

7 MPH 

C MPH 

J MPH 

Site 6 
Rural 

2-Lane, 2-h'ay 

45 MPH 
(Regulatory) 
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site. Figure 1 shows the regulatory or advisory 
speed limit posted at each study site. As seen in 
the figure, the posted speed limit varied from site 
to site and ranged from 35 to 45 mph. 

In Figure 1, it is seen that none of the treat
ments teGted reduced mean GpeedG to the poGted speed 
limit at Site 1 (urban arterial), Site 3 (rural 
freeway), or Site 4 (urban freeway). Apparently the 
posted speed limit at these sites was simply too low 
for most drivers to accept under the prevailing site 
conditions. At the remaining sites, certain treat
ments did reduce mean speeds to or below the pos t ed 
speed limit. 

Method Performance 

Table 5 gives a summary of the relative effective
ness of the four speed control methods in reducing 
work zone speeds. For each speed control method, the 
table shows the range and average percentage 
reduction in mean speeds observed across all sites 
due to the method. The data in the table are based 
on drivers' immediate response to the speed control 
methods (i.e., at Station 2) and on the best treat
ment within each method on a site-by-site basis. 

TABLE 5 Effectiveness of Speed Control Methods• 

Method 

Flagging 
law enforcement 
Changeable message signsc 
Lrne width reduction with cones 

P<'rc~11toge Speed 
RcducLionb 

Range 

8-30 
8-27 
3-9 
0-16 

Average 

19 
18 

7 
7 

3 Based on best treatment within each speed control method on a site-by

b~~d~~~t~n in mean speed at Station 2 due to \"Pt!i!! d control method. 
C!No CMS dnta were available for 2-lane, '2;.\,•ny rura l highways. The 
average speed rr!du ction shown for CMSs may therefore be misleading 
(ie., too low) l.tc;c,, use aU the other speed control methods generally 
performed better at the 2-lane, 2-way highway sites. 

As seen in the table, flagging was the most ef
f ect i ve overall method . Th e best tlagg i ng treatment 
reduced speeds from 8 to 30 percent, depending on 
the site, and for all sites the best flagging treat
ments reduced speeds about 19 percent on average. 

Law enforcement was also generally effective. The 
best law enforcement treatments reduced speeds from 
8 to 26 percent, depending on the site, and reduc
tions averaged 18 percent for all sites. 

CMSs were not tested at the two-lane, two-way 
highway sites and thus caution should be exercised 
in comparing the overall performance of CMSs with 
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that of the other methods . At the freeway and urban 
arterial sites, the best CMS treatments reduced 
speeds from 3 to 9 percent, and o n average they 
reduced speeds 7 percent. 

Effective lane width reduction using cones reduced 
speeds an average of 7 percent. The effectiveness of 
this method varied widely by site from no effect at 
one site up to a 16 percent speed reduction at 
another. It should be noted that more restrictive 
treatments than those tested would likely result in 
larger speed reductions. "More restrictive" refers 
to the use of narrower lanes or more formidable 
devices than cones (e.g., barrels or portable bar
riers, or both). 

The effects of the four speed control methods on 
speed sample variance were ana l yzed on the basis of 
standard deviation statistics and cumulative distri
bution speed plots. The analyses revealed that none 
of the methods generally altered speed variance. 
However, certain individual speed control treatments 
did significantly affect speed sample variance at 
some sites. The effects of treatment and site on 
speed variance are discussed in detail in the next 
section. 

Treatment Performance 

Flagging Treatments 

Table 6 gives a summary of the performance of the 
various flagging treatments in terms of mean speed 
reduction and percentage mean speed reduction. The 
data in the table are based on drivers' responses to 
the treatments at Station 2. The speed reductions 
and percentage speed reductions were generated by 
comparing the mean speed when a treatment was in 
place to the mean speed during the base (i.e., sign
ing only) condition. 

The data in Table 6 indicate that the innovative 
flagging treatment resulted in larger speed reduc
tions than did standard MUTCD flagging at five of 
the six study sites. (A direct comparison between 
the two flagging treatments could not be made at 
Site 2 because the number of flaggers differed by 
treatment.) On one of the rural two-lane, two-way 
highways (Site 5), for example, the innovative flag
ging treatment reduced the mean speed by 16 mph (30 
percent) and MUTCD flagging reduced the mean speed 
by 12 mph (23 percent). It should be noted that the 
difference between the innovative and the MUTCD 
flagging treatments was sma l l at some o f the sites. 
On the urban freeway (Site 4), for example, innova
tive flagging reduced speeds by 4 mph (7 percent), 
and MUTCD flagging reduced speeds by 3 mph (5 per
cent). 

The results of the ANOVA and Duncan's multiple 
range tests indicated that the differences between 
innovative flagging and MUTCD flagging were statis-

TABLE 6 Performance of Flagging Treatments in Terms of Reduction in Mean Speed at 
Station 2 

Flagging Treatment 

rnnovative flagging 
Innovative flagging-both sides 
MUTCD flagging 

~Numbers in parentheses indicate percentages. 
Not available. 

Reduction in Mean Speed (mph) 

Urban 
Arterial 
Site 1 

13 (24)" 

11 (20) 

Rural Freeway 

Site 2 Site 3 

-b 7 (13) 
13 (22) 
7 (12) 4 (8) 

Rum! 2-lane , 
Urban Highway 
Freeway 
Site 4 Site 5 Site 6 

4 (7) 16 (30) 10 (18) 
5 (8) 
3 (5) 12 (23) 8 (14) 
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tically significant. The differences were only of 
the magnitude of about 1 to 4 mph, however, and thus 
they may or may not be significant from a traffic 
safety and operational standpoint. Nevertheless, the 
innovative flagging treatment did produce favorable 
speed reduction results and allowed the flagger to 
direct a specific speed message to drivers. MUTCD 
flagging, on the other hand, displays a more general 
"alert and slow" message. 

The data in Table 6 reveal that the various flag
ging treatments produced the greatest speed reduc
tions at the two-lane, two-way highway and urban 
arterial sites. They generally resulted in smaller 
speed reductions at the freeway sites, particularly 
the urban freeway site (Site 4). The results suggest 
that flagging may not be a solution for all situa
tions in which it is desirable to reduce speeds at 
work zones. 

Table 6 does not clearly indicate if flagging 
effectiveness is improved on freeways by using flag
gers on both sides of the travel lanes. At Site 2, 
innovative flagging on both sides reduced speeds by 
13 mph (22 percent), whereas MUTCD flagging on one 
side reduced speeds by 7 mph (12 percent). These 
data suggest that using two flaggers may be bene
ficial; however, they do not allow a direct com
parison between one and two flaggers using the same 
flagging approach. 

Law Enforcement Treatments 

Table 7 gives a summary of the performance of the 
various law enforcement treatments. As seen in the 
table, the police traffic controller treatment was 
effective in slowing traffic at the three sites 
where it was tested. At the urban arterial site 
(Site 1), the police traffic controller reduced mean 
speeds by 13 mph (26 percent) and at the two-lane, 
two-way highway sites (Sites 5 and 6), it reduced 
speeds by 14 and 9 mph (26 and 16 percent). A police 
traffic controller was not evaluated at any of the 
freeway sites because the participating police of
ficers were reluctant to stand on the side of the 
road, away from their vehicles, in the freeway en
vironment. The officers cited two reasons for their 
reluctance: some were concerned about their personal 
safety, and others believed that the speed control 
effort would be unsuccessful and thus an unproduc
tive use of their talent and expertise. 

A stationary patrol car was tested at all six 
sites. This treatment effectively reduced mean speeds 
between 4 and 12 mph (6 and 22 percent). It was most 
successful at the urban arterial site (Site 1) and 
least effective at the urban freeway site (Site 4). 
At Site 4, a stationary patrol car was evaluated 
with its lights on and then with its radar in opera-
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tion. Both of these treatments performed slightly 
better than a stationary patrol car without lights 
or radar. The stationary patrol car reduced mean 
speeds at Site 4 by 3 mph (6 percent). When the 
patrol car's overhead flashing lights were turned 
on, the mean speed reduction increased only slightly 
to 4 mph (8 percent). When the officer turned on a 
hand-held radar gun and pointed it at passing motor
ists, the mean speed reduction increased to 6 mph 
(10 percent). 

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

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

CMS Treatments 

The performance of the two CMS treatments is sum
marized in terms of mean speed reductions and per
centage mean speed reductions in Table 8. From the 
table, it is apparent that for a given site both 
treatments had approximately the same effects on 
speeds. Depending on the site, the "Speed-Only Mes
sage" treatment reduced mean speeds in the range of 
from 0 to 5 mph (0 to 9 percent) , and the "Speed and 
Information Message" also reduced speeds in the 
range of from 0 to 5 mph. 

The CMS treatments were least effective in slow
ing drivers at the urban freeway site (Site 4). 
Neither CMS treatment had any effect on speeds when 
the CMS was located in the usual treatment location 
(i.e., near the advance signing for the work zone). 

However, when the sign was relocated closer to the 
actual work area, the "Speed and Information Mes
sage" treatment reduced Station 2 speeds by 2 mph (3 
percent). 

Neither of the CMS treatments had a statistically 
significant effect on speed sample variance. 

Effective Lane Width Reduction Treatments 

Table 9 gives the performance of the two effective 
lane width reduction treatments by site and roadway 

TABLE 7 Performance of Law Enforcement Treatments in Terms of Reduction in Mean 
Speed at Station 2 

Law Enforcement Treatment 

Police traffic controller 
Stationary patrol car 
Stationary patrol car with lights on 
Stationary patrol car with radar on 
Circulating patrol car 

~Nu inbQfa in parentheses indicate percentages. 
No l nvnllable. 

cPatrol car on left side of travel lanes. 

Reduction in Mean Speed (mph) 

Urban 
Arterial 
Site 1 

13 (24)3 

12 (22) 

Rural Freeway 

Site 2 Site 3 

_b 

9 (l 5)c 5 (8) 

Rural 2-lane 
Urban Highway 
Freeway 
Site 4 Site 5 Site 6 

14 (26) 9 (16) 
3 (6) 7 (14) 7 (13) 
4 (8) 
6 (JO) 

2 (3) 3 (5) 
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TABLE 8 Performance of CMS Treatments in Terms of Reduction in Mean Speed at 
Station 2 

Reduction in Mean Speed (mph) 

CMS Treatment 

Speed-only message 
Speed and information message 

~Numb1u11 in parentheses indicate pun:cin tnges. 

c~~~:~~~~:~~::d nearer to the work 1.011es. 

Urban 
Arterial 
Site I 

3 (5)" 
3 (5) 

Rum! Freeway 

Site 2 Site 3 

4 (7) 5 (9) 
5 (8) 3 (6) 

Rural 2-Lane 
Urban l-'Jghway 
Freeway 
Site 4 Site 5 Site 6 

0 (0) -b 

2 (3)0 

TABLE 9 Performance of Effective Lane Width Reduction Treatments in Terms of Reduction 
in Mean Speed at Station 2 

Reduction in Mean Speed (mph) 

Effective Lane Width Reduction 
Treatment 

11.5-ft width using cones 
I 2. 5-ft width using cones 

Urban 
Arterial" 
Site I 

4 (5)0 

2 (5) 

~'Cone..! placed on l:dl;.CJ. or )):l\' Cm a rH onf)'. 
1 

Onee; placed on cd,gt" of' l)QVOment u nd «n llf: rline. 
<Nu mbers in pnre111hcst1i; lnJlcnri: 11 .. ~rc~ n105d. 

type. The data in the table indicate that the two 
treatments, for a given site, had approximately the 
same effect on speeds, with observed speed reduc
t ions ranging from 0 to 8 mph (0 to 16 percent) de
pending on the site. The 11.5-ft lane width treat
ment resulted in slightly higher speed reductions at 
three of the six sites compared to the 12.5-ft 
treatment. However, the differences between treat
ments were not statistically or practically signifi
cant. 

It is important to note that the highway agency 
would not allow cones to be placed on the lane lines 
at any of the multilane sites (i.e., Sites 1-4) in 
the interest of safety. Thus effective lane narrow
ing at these sites was accomplished by placing cones 
on the edges of the travel lanes. This may explain 
why the treatments generally did not reduce speeds 
as much at the multilane sites compared to the two
lane, two-way highway sites. At the two-lane highway 
sites, lane narrowing was accomplished by placing 
cones on the edge of the travel lane and on the 
centerline. Another important finding of the study 
was that cones proved to be somewhat hazardous de
vices for reducing lane widths to less than 12 ft. 

The effective lane width reduction treatments had 
some interesting effects on speed sample variance. 
At every site except Site 6, the 11.5-ft treatment 
resulted in a larger speed sample standard deviation 
than the 12.5-ft treatment. At Site 6, the two 
treatments resulted in about the same standard de
viation. 

The studies also revealed that when a treatment 
was effective in slowing traffic at a site, it also 
produced a higher speed sample variance. For exam
ple, the 11. 5-ft treatment produced an 8 mph (16 
percent) reduction in mean speed at Site 5 but also 
increased the standard deviation of the speed sample 
by ~.4 mph. At Site 4, the 11.5-ft treatment had no 
effect on the mean speed, and the standard deviation 

Rural 2-Lane 
Rum! Freeway" Urban Highwayb 

Freewaya 
Site 2 Site 3 Site 4 Site 5 Site 6 

5 (8) 2 (4) 0 (0) 8 (16 ) 4 (7) 
2 (3) 2 (3) 0 (0) 7 (1 3) 4 (7) 

actually decreased by 0.5 mph (i.e., the treatment 
had no significant effect on variance). 

Work Area Speeds 

Speed data were collected at the study sites down
stream of the treatment location to measure the 
effects of the various speed control treatments on 
traffic within the work area. The downstream station 
(Station 3) was positioned 1/3 to 1/2 mi downstream 
of the treatment location near the \·1ork activity. 

The data from Station 3 were combined with data 
from the upstream stations to generate speed profiles 
fo r each site. The profiles illustrate the effects 
of the speed control treatments upstream of and 
entering the work area. As an example, Figure 2 
shows speed profiles for selected treatments at the 
urban arterial site (Site 1). 

Figure 2 illustrates two important findings of 
the studies. First, after being exposed to a par
ticular speed control treatment, drivers continued 
slowing down or at least maintained a reduced speed 
as they approached and entered the work area. In 
other words, drivers did not return to their normal 
speed immediately after passing the speed control 
treatment. 

Second, most of the treatments (and especially 
innovative flagging and a stationary patrol car in 
Figure 2) reduced work area entry speeds well below 
normal or base entry speeds. Thus the treatments 
encouraged drivers to slow down much more than they 
would have simply in response to sighting the work 
activity. For example, the mean work area entry 
speed at Site 1 was 50 mph under base (i.e., sign
ing-only) conditions. The innovative flagging treat
ment reduced the mean entry speed to 39 mph, and the 
stationary patrol car treatment reduced the mean 
entry speed to 41 mph. The 11.5-ft effective lane 
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FIGURE 2 Speed profiles of selected treatments at Site I (urban arterial). 
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width reduction treatment and 
CMS treatment reduced the mean 
46 and 47 mph, respectively. 

"Speed-Only Message" 
work area speeds to 

different speeds based on the results of Duncan's 
multiple range tests. As seen in the figures, many 
of the treatments were statistically different. 
Because of the large sample sizes and consistent 
variances, however, mean speed differences of as 
little as 1 to 2 mph were found to be statistically 
significant. 

Statistical Significance 

Figures 3-8 are b a r charts that summarize the mea n 
speed d a ta from Station 2 at each site. The figures 
indicate which tr e atments produced statistically 
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FIGURE 3 Comparison of speed control treatment means at Site I (urban arterial). 
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surable effects on safety or 
Mean speeds would probably have 
or more to support a contention 
was truly better than another. 
merely speculation. 

Speed Distributions 

traffic operations. 
to differ by 4 mph 
that one treatment 

However, this is 

Figure 9 shows cumulative distribution plots of 
Station 2 speed data for selected treatments tested 
at the urban arterial site (Site 1). Included in the 
figure is a cumulative distribution plot for the 
base (i.e., signing-only) condition. From the figure 
it can be seen that certain of the speed control 
treatments significantly shifted the speed distribu
tion to the left of the base curve. This indicates 
that these treatments lowered speeds in general 
(i.e., both fast and slow drivers responded to the 
speed control treatment). Most notably in Figure 9, 
the innovative flagging and stationary patrol car 
treatments shifted the speed distribution at Site 1. 

It is also important to observe in Figure 9 that 
all of the distribution curves shown in the figure 
have approximately the same shape. This is further 
evidence that the treatments did not generally af
fect speed variance. 

Safety Performance 

As well as taking speed measurements, field person
nel observed and recorded erratic maneuvers and 
other evidence of safety problems. None of the 
treatments resulted in any accidents or recurring 
safety problems at any site. Only a few minor inci
dences were witnessed during the studies: 

1. At one of the two-lane, two-way highway sites 
(Site 5) the flagger was at times too zealous and 
aggress,ive in using the innovative flagging proce
dure. As a result, a few drivers (i.e., three or 
four in a 1-hr period) overreacted and slowed exces
sively. One driver even pulled onto the shoulder 
thinking that he was supposed to stop. These prob
lems were avoided at the remaining sites simply by 
exercising proper flagging techniques. 

2. At the two-lane, two-way highway sites (Sites 
5 and 6) effective lane width reduction was accom
plished by placing cones on the pavement edge and 
centerline. When the 11.5-ft treatment was imple
mented at these sites, cones were hit or blown out 
of place on several occasions. On one occasion 
several cones were hit by a truck and knocked into 
the travel lane. Rather than running over the dis
placed cones, a motorist stopped in a lane and got 
out of his vehicle to move the cones. Several other 
vehicles in turn were forced to stop and wait for 
the motorist to move his car. In another incident, a 
wide mobile home passed through the narrow lane 
section and took out several cones. 

3. At the freeway sites large trucks tended to 
"straddle" the lane line within the narrow lane 
section if other traffic was not present. 

CONCLUSIONS 

The study results, because of the relatively small 
number of study sites and the incomplete factorial 
design, do not answer all the questions concerning 
the treatments tested, nor do they address all of 
the critical issues relating to work zone speed 
control. The results are significant, however, be
cause they indicate that certain methods can be used 
at some work zones to effectively slow drivers, 
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which has positive effects on safety. Furthermore, 
the study results provide insight into the factors 
that influence work zone speeds and motorist response 
to speed control techniques. 
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Selection of Work Zone Channelizing Devices 
Using the Value Engineering Approach 

STEPHEN H. RICHARDS and CONRAD L. DUDEK 

ABSTRACT 

The use of value engineering for selecting work zone channelizing devices is 
investigated. For illustration, the approach is used to select devices for a 
lane closure taper at a rural freeway work zone. The results of the investiga
tion indicate that value engineering can be a useful and practical work zone 
traffic management tool. It provides an objective means of evaluating any number 
of alternative channelizing devices using whatever performance and cost data 
are available. Most important, it encourages the selection of low-cost devices 
that are safe and effective under the prevailing work zone conditions. 

There is a wide variety of channelizing devices cur
rently available for use in hiqhway work zones. The 
Manual on Uniform Traffic Control Devices (MUTCD) 
(ll presents basic design standards for these devices 
and general guidelines for their use; however, it is 
left up to the highway agency to decide where and 
when to use particular devices or sets of devices. 

Typically, work zone channelizing devices are 
chosen on the basis of one of the following prac
tices: 

1. Select the device with the lowest initial 
cost, 

2. Se lect a dev i c e that i s no rmally us e d by the 
agency, 

3. Select a device already in stock, or 
4. Select the "very best" device just in case. 

Each of these approaches has drawbacks, and collec
tively they have resulted in inflated job costs, 
unnece s sarily large inventories, lack of uniformity, 
and, in some cases, improper device use. 

VALUE ENGINEERING APPROACH 

The selection of the most appropriate channelizing 
device for a work zone situation is a critical tasK. 
It requires an objective consideration of several 

factors including cost, safety, maintainability, 
availability, uniformity, project life, and work 
zone conditions. Because there is currently no widely 
accepted, objective means for selecting work zone 
channelizing devices, the need for a proven approach 
like value engineering is well founded. 

Value engineering is a formalized problem-solving 
approach directed at analyzing the function of an 
item with the purpose of achieving the required func
tion at the lowest overall cost (2). Two features of 
value engineering set it apart from other formal 
problem-solving techniques. First, it is concerned 
with function (i.e., identifying the desired func
tion of an item or service). Second, it attempts to 
establish the relative value of alternatives for 
accomplishing a function. 

The relationship between value (or worth as it is 
often called) and function is expressed in the fol
lowing equation (l_) : 

Value = Functional performance/Cost 

From this equation, it is seen that value may be 
increased by (a) reducing costs, if performance is 
maintained or (b) increasing performance, but only 
if increased performance is needed and wanted and 
the user is willing to pay for it, or both (a) and 
(bi. 

The intent of value engineering is to find solu-


