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SUMMARY

CHANGEABLE MESSAGE SIGNS

Field studies were conducted during maintenance activities on I-35 in
San Antonio to assess the feasibility of using:changeaple message signs (CMSs)
jfor work zone traffic management. The studies evaluated the use of CMSs for
1) encouraging traffic to vacéfe a closed lane at a lane closure work zone

and 2)'divertjng traffic around a work zone on an alternate freeway route.

Lane Change Study

The'studies revealed that CMSs can be'usédvat,lanevclosure ﬁork zones
to_éncourage.more drivers to vacate the closed lané(é) farther upstream of
'thé cone taper. Howevef; CMSs should not be uéed'in place of flashing
érrowboards at'thése work zoneé.‘ Arrowboards are Veryveffective devices for

advance warning of median and shoulder Tane closures.

Diversion Studies

The San Antonio studies also determined thatvCMSs can be used to divert
traffic around a freeway maintenance work zone on an alternate freeway route.
A spgcific diversion message displayed on a CMS is most effectfve; however,

a general warning message about a work activity will also encourage a

significanf number of motorists to divert if an alternate route is available.

HIGHWAY ADVISORY RADIO

Studies were conducted at a major maintenance work zone on a rural Inter-
State highway in Chambers County, Texas to evaluate the use of Highway Advisory

Radio (HAR) for work zone traffic management. The studies revealed that the



HAR had Yittle or no effect on traffthopekations at the w@rk>zans*ﬁéé&nse of
two factors. "First,.‘ihe conventional signing at the work zone was éxééﬁéﬁt
and the HAR functioned .dnls;y as a supplemental information source. gseic@n&;
the advanced sfgnfng used to encourage m@toriSts to tuﬁé'te;tﬁ@ Eﬁﬁiﬁrﬁadeasts
w&s’app&rent?y inaaeqaate in terms of Fegﬁbf?ity &n&'visi§f?iﬁy;1

Even thcugh the ﬁAR system~did not S?@ﬁif}eaﬂtty affect traffic. @peraﬁians
at the work zone evaiuated, the stuéfes indicated tﬁaﬁ ﬁ&R may have good
potentTa} for work zone traffic management in certaww appli@aﬁfow&; Wﬁﬂ‘méy be
best suited for displaying t@ng or comp?icated mESSages €e4@¢, dfversion
1nstruct10ns) at }ong-term work zones. Because of current Fedewaf Cammaﬂicaﬁvan
Commassfon.regufattows4and_?reensing requrements,,ﬁﬁﬁ_ﬁs not practical for
most mainteﬁance}OQeratienS; '

The studies also 'reéeated. that existing HAR hardware (with a m‘ﬁﬁ@p@f‘e‘*
antennavsystEM) pérferﬁs éﬁ?ﬂﬂ&tefy. Moterists, gener&kly speakmmgy wewa
satisfied with the qualrﬁy of the broadcasts an& supgartfve of ﬁﬁls Tnﬁow&tiwa

“approach to work zone tr&ff%c mawagemewt.



CHANGEABLE MESSAGE SIGNS:

~ INTRODUCTION

» Changeabie message ;igns (CMSs) are p1aying an inéreasing1y important
role in managing highway traffic. Their popu]arity and use have expanded
during the last 10 years. In 1978, for example, 42 states reported using
CMSs for applications ranging from warning of dUst,‘fog, and ice to freeway
traffic management (1). Recént]y, CMS systems have been placed on trailers
and pick-up trucks, making them transportable;‘ This chafactekistic, coupled
with their high target value and versatility in message selection, have made

the use of CMSs appealing for traffic management at'maintenance work zones.
' BACKGROUND
Studies were conducted in two Texas cities to evaluate the feasibility
of CMSs for work zone traffic management. Preliminary field studies were
~conducted in Dallas (2) during several freeway maintenance operations. Thése
pre]iminary studfes showed that informational messages displayed on a CMS
about rbadwork,(e.g., ROADWORK AT OXFORD AVE;) increased diversion off tﬁe
freeway by 5.1% to 7.4% (expressed as a percent of upstreamAdemand) in
comparison td the natural diversion observed without a CMS message. Diversion-
ary meséages (i.e;, drivers instrqcted to exit freéWay) increased diversion
by an additional 2% err that observed when informational messages
were displayed | »
Fol]oWing the Dallas studies, full-scale field studies were conducted in»

San Antonio to evaluate the effects of CMS messages on lane changes at a lane

closure work zone. The effectiveness of CMSs in diverting freeway traffic to



an alternate freeway route a‘munﬂ a work zone was also :e'vaifua'tée‘d- In the

San Antonio dwersmn studws, unlike the Da]]as stuaaes, drwe*r*s were
mstmcted to use a spemﬁc *Freeway di verswn route. |

The 1ane change and diversion stud’ves were condwcted durﬁfng freeway
maintenance o:peratmons on a feur—laﬂe section of~I-35. Fagwe 1 shows the
study area and the 10cat1cm of the two CMSs used in the studies. - The

(MSs were trailer-mounted, bu1b matrix signs {see Figure 2).



Work Zone Y 4
(Diversion Studies) JCBD¢

== === Diversion Route
R cms |

Figuré 1. Location of Work Zones and CMSs for San Antonio Studies



Figure 2. Changeable Message Signs Used
in San Antonio Studies



LANE CHANGE STUDY

The Tane change study was conducted on March 11, 1980 during pavement
repair on I-35 in the vicinity of Division Street in San Antonio. During this
study, driver reaction (i.e., lane changes) to lane closure information dis-

played on one two-line CMS was evaluated.

Study Description

- A schematic of the lane closure work zone is presented in Figure 3.
The schematic shows the 1ocation of the CMS and other traffic coﬁtrol devices
relative. to the,Work zone. It also shows thé reTatiye'location of the lane
distribution count stéfions.estab]ished to colTeét lane change data.

Lane distribution Counts were made by ObserQers at eight freeway loca-
tions--one station upstream from the CMS, one at.the,CMS, and six downstream.
In addition, traffic volumes through the work_zone were counted in an attempt
to measure the work zone capacity. (Volumes never reached capacity flow,
however. )' | | " o
» In order to assess the effectiveness of the CMS in encouraging drivers
to vacate the closed ]ane, the CMS was turned on and off alternate]y at
approximately 20-m1nute intervals during a three—hour‘per1od. A message
was displayed in two partéiand read: ROADWORK AT DIVISION/LEFT LANE CLOSED.
Each message part waé>disp1ayed alternately For‘four-secbnd 1nterva1s;

Two vehicles were driven through the study area--one to mark the time
when the message was turned on and the other when it was turnéd off. As
the drivers reached each count statioﬁ, they alerted the observers by radio
who would then record the time and volumes. _This technique, used success-

fully during diversion studies in Dallas (§),'"opens" and "closes" each



DIVISION AVE.
OFF RAMP

ZLEFT LANE N
CLOSED
AHEAD

}{ SOUTHCROSS AVE.
\\ON RAMP

SOUTHCROSS AVE.
OFF RAMP

. z

Not to Scate.

MILITARY DRIVE
\_ ON RAMP '

. -.«-—’®,Count Station

Figure 3. Schematic of Work Zone (Lane Change Study) |
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study period and separates those of drivers who had an oppohtunity to read

the CMS message from those who did not.

Results

Figure 4 summarizes the volume data collected during the lane change
‘study. It presents the hourly volumes on each ramp and freeway section
during periods wiﬁh and without a CMS message displayed. A review of the
data shows that the volumes during both periods were comparable. Therefore,
differences in vo1umes’did not influence results.

The measure of effectiveness used to evaluate the CMS was the percent
of véhiéleS‘that&feméined in the closed medién lane as traffic progressed
toward the cone taper. It was expected that, if the CMS was effective, a
greéter percentage of drivers would leave the closed median lane (and
fewer drivers would enter the median 1éne) when CMS messages were disp]éyed
(compared to when the CMSkwas blank).

Figure 5 illustrates the percent of median lane traffic remaining in
the closed lane at various distances upstream from the cone taper. The
data are expressed in terms of the percent change in the median Wane volumes
at each count station in compar1son to that originally in the lane at
Station 1 located upstream from the CMS. Negative percentages indicate
less tﬁaffic in the lane in comparison to Station.l; positive percentages
reflect increased vo1umes in the lane resulting from more drivers moving
into than out of the median lane.

‘The results reveal that the CMS did indeed encourage drivers to vacate or
avoid the c]osedkmedian lane. A1though the percent volumes in the closed

median lane at the various count stations were not low while the CMS message



Note: CMS “off" shown outside
parenthesis.

DIVISION AVE.
CMS "on" shown inside OFF RAMP
parenthesis. '

SOUTHCROSS AVE.
ON RAMP o

1160
(1150)

* _ “SOUTHCROSS AVE.
-N- | OFF RAMP

Not to Scale '
1210
(1190)
f * ~ MILITARY DRIVE

430
(450)

Figure 4, :H0ur1y_Vo1umes Observed During Lane Change Study
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was displayed, they were significantly lower than periods wheﬁ the CMS
was blank. | | N |

The curves in Figure 5 illustrating the percent change in volumes show
that during normal periods (without a CMS message) there was a large increase
in median lane volumes’as traffic progressed from Station 1 to Station 8.
Vo}umes at Station 7 were 60% higher than at Station 1. Volumes atA |
Sfation 8, located 700 ft. upstream from the beginhing of the cone taper,
were 29% higher. (The drop in volumes between Stations 7 and;SIis attributed
to the LEFT LANE CLOSED AHEAD sign and the driver's perception of the |
flashing arrowboard and lane closure.)

In contrast, whi]e‘the‘CMS message was displayed, volumes at Statfon 7
were 4% lower than at Statibn 1. Volumes at Station 8 were 17% Tower. When
the 17% reduction at Station 8 was compared to the 29% increase that reéultéd ‘
with the CMS blank, the net effect was a 46% greater reduction in the lane |
volumes attributable to the CMS. | | - |

The volumes in théfmedian lane at the various stations were‘reiatively
high because of several site specific factors including the following:

1. the relatively high‘proportion of traffic (compared to the freeway)
dn theﬂMilitary7onéramp'1ocated a relatively short distante upStream
from the CMS, | | |

2. the presence.df an additional relatively high volume on-ramp at
Southcross Ave. located downstream from the_CMS; but upstream from
the cone taper,

3. the existence of a right-side lane drop downstream from the worksite,

and

12



4, the relatively short decision sight distance to the 1ahe closure.
These factors are discussed in more detail in the next paragraphs.

The freeway vd]umes in.advance of the Military Drive on-ramp, located
» only 1500 ft. upstream from the CMS, averaged about 460 vph during the study.
The volumes on the Military Drive on-ramp avekaged 740 vph. Thus, the volumes
were much higher than the upstream freeway demand. Observations in the field
revea]ed‘that.a large perceﬁtage of the on-ramp'driVers moved into the center
and median lanes almost immediately aftef entering thé freeway. The high rate
of Tané'changidg resul ted in a relatively high driver task load, and it is
probably safe to assume that many drivers did not have an opportunity to read
| the CMS‘message.

Another factor that affected the lane distfibution of traffic was the
SoUthéross Avenue on-ramp. The ramp was downstream from the CMS and approxi-
mately 2600 ft. upétream fkom the cone taper. Volumes on the Southcross ramp
‘during the‘study avefaged 410 vph. A]thbugh this can be considered as being
light traffié, it was high relative to the freeway volumes near the ramp. The
freeway volumes‘downstreém from the ramp averaged 1660 vph§ 26% came from the
on-ramp. Thus, at least 26% of the freeway drivefs during the study did not
see the CMS when it was activated.

The third influential factor was the right-side lane drop downstream from
the work zone. Drivers familiar with the "loss" of the shoulder lane most
1ikely trave]Ain the two 1eft lanes to avoid the possibility of becoming
"trapped" in the discontinuous lane. Thus, it is speculated that the right-
side lane drop influenced several drivers to travel in the center and median lanes.

The fourth influencing féctor was the relatively short decision sight

distance to the lane closure. Research (4) indicates that although the

13



majority of drivers vacafe'a closed lane after réading the appropriate static
work zone signs, a relatively high percentage (abproximate]y 20%) will not
leave the léne until they actually see evidence of the closure (e.g;; cones
or maintenancé vehfc]es in the 1ane, arrowboards, etc.). Other research (4,5)
also indicates that drivers:must perceive a freeway lane closure.at least
1500 ft. upstream from the cone taper; shorter Sight disténces db not provide
adequate time for most freeway drivers in the clbsed lane to take appropriate
actions. _ _ | |
Observations durfng the;San Antonio Studies'indicated'that the sight
diétanée to the lane tlosure was less than 1000 ft.' AlthOugh aniarroﬁboard
with a sequencing arrow was used in the traffic control set-up, the horizon; |

tal curvature of the freeway adversely affected the drivers" perception of the

Tane closure.

DIVERSION STUDIES

The diversion studies Were conducted ddring the night‘on March 17th and
18th,’1980 at a median gUardfai1 repair worksite on I—35'ih San Antonfd;' The
work required c]osing the inside lane of a.two-Tané sectiqn near the CBD. It
was énticipated that the ‘lane closure WOuldAresult in a‘capacfty problem ét the -
work zone. Therefore, diveréionary messages were displayed on the CMSS,in an

attempt to divert motorists around the work zone on an alternate'freeway'route.

Study Description

- A schematic of the study area is shown in Figure 6. The traffic manage-
ment strategy, using two two-line CMSs, was designed to encourage through
drivers to avoid the work area by diverting to the new I-35 route (see

Figure 6).

14
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The CMS messages designed for the study are shown below:

Diversion Message warning,Messagev
'ROADWORK o
AT STOCKYARDS - CAUTION
" THRU TRAFFIC * ROADWORK

USE I-10E/I-37 AT STOCKYARDS

Mebsagesbwere’designed with the intention‘to use two CMSs. Howevér;
the plans were changed durihg the study when prqb]éms developed'With the
CMS closest to the diversion point. As é result, only the SOchérhmost‘
sign was used during the}study. |

The original plans also called for a diversion message and a warning -
message to be diSp]ayed for one full hour each bn both st&dy days. The
latter message typéf(warhing message) was incorporated into the $tu¢y‘
upon request of the SDHPT maintenance supervisor in charge of‘thé roadwork.
Again, CMS prob!ems‘on both study days requihed changes in,thekfield.- The

fina} message display times were as follows:

Diversion Message Warning Message
March 17, 1980 9:40-10:20 pm 10:20-11:00 pm
March 18, 1980 o - 9:00-10:00 pm 10:00-11:00 pm

License pTatés_of vehicles passing a network of recording stations were
recorded continually thkoughout each study périod.tOrdetefmine*traveT patterns
of'through drivers. The reéording'stations were_selected to’pérmif, as
closely as possible, accurate dEtermination of travel pafterns oﬁ-bdth the -
primary and.diyersion.foutes. License plate aﬁd volume recording stations

are shown in Figure 6.

16



“Results
The results revealed that there was an increase in the percentage of

drivers using the diversion route whfle the diversion message was displayed.
The efféctiveness of the CMS’diversfon and warning message is best seen by
,cdmparing the pércent of through drivérs using the two routes when the mes-
‘sagés were displayed., A summary of such a comparison is pfesented in Table 1.
It’is interesting to note from Table 1 that the distribution of traffic
-on the prfmary and diVersion routes waslqufté similar on both days. More
impbrtant is the significant increase in the percent of thrdugh traffic using
the diversion route whf]e the diversion message was displayed. The combined
Monday and Tuesday data show that 15% moré through'drivérs used the diversion
route when the diversidn message was displayed in comparison to the times

when the warning message was activated (62% versus 47%).

Discussion | ‘
'Ahy conclusions reached from this study must be accompanied with quali-

fiers because of surrounding influencing factors. The results compare the
effects of a diversion messaée to a warning messagé. It is possible that
many drivers familiar with the geometric conditions on I-35 speculated that

congestion existed in the area due to the lane closure. Thus, advance

warning of the lane closure may have encouraged some drivers to Voluntarily
use the diversion route. If this assumption is correct, then the warning
message may have masked the greater effects of the diversion message.
Compared to no message at all, the diversion message may have shown a higher
use of the diversion route. In retrospect, the ideal study approach would
have been to compare the effects of both the warning and diversion messages

to a bTank sign.

17



TABLE 1. PERCENTAGE OF NORTHBOUND THROUGH TRAFFIC
USING PRIMARY AND DIVERSION ROUTES

Total Northbound Total Northbound : o
Through Through : Percent Using Percent Using

Message 1-35 Traffic 1-35 Traffic . Through Trafflc . Through Traffic
Type __at Division Ave. at Division Ave. Prlmary Route '~ Diversion Route
Monday, 3/17/80 : -
Warning 556 73 © 51 49
Diversion 436 46 ' 37 63
Tuesday, 3/18/80 _ .
Warning 985 98 , 54 46

Diversion 693 38 38 62

Monday & Tuesday, Combined , ,
Warning 1541 : 17 53 47

Diversion 1129 _ -9 38 82

TOTAL 2670 290 ‘ 47 53

18



~ Conversely, the time effects of the messages during 1ong-term maintenance
(several nights) were not studied. Once the drivers who regularly divert
become>aware of thé absénce of congestion, they may e]ect to remain on the
primary route. Credibility may be an issue. On the other hand, it may be
that drivers would divert just to stay away from the work zone sectionzat night
regardless of whether there is congestion. These statements are speculative;

. additional studies are necessary to validate these issues.
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HIGHWAY ADVISORY RADIO

INTRODUCTION

HAR is a means of providing motorists with pertinent‘travel-related infor-
mation over their standard AM car radios. Motorists.traveling down a freeway
are instructed by signs to tune their car radios to a specially designated
- frequency (usually 530 KHz or 1610 KHz). Upon tuning to the frequency, they
hear a live or pre-recorded message broadcasted from a field transmitter. HAR
is intended to supplement visual signing (e.g., convéntiona] highway signs,
changeab]é message signs, etc.) where signing alone is inadequate, inappropriate,
or inefficient.

HAR has been used‘in at least eight states withvvaryihg degrees of success
for applications ranging from airport barking control to hazard Warning.- Most
installations to date have been permanent in natUré. In the past, the use of
HAR haé been restricted somewhat by Federal Communication Commission (FCC)
requlations. Its use has also been discouraged by certain operational problems (g).:

In 1978, the FCC relaxed some of its restrictions on HAR, thus encourag-}
ing the use of HAR at temporary work zones. There have also been advancements
in hardware and operational technology in recent yeaks (7). HAR now appears to
have great potential as a‘traffic management toollat some types of work zones;

however, there has been very limited experience with HAR at work zones.

BACKGROUND

One of the first work zone applications of HAR in the United States was oIl a

four-lane rural'section of I-10, midway between Houston and Beaumont, Texas
in 1980. A temporary HAR system was used to divert traffic around a resur-
facing worksite. District 20 of the Texas State Department of Highways and

Public Transportatidn (SDHPT) installed and operated this HAR system.

20



WORK ZONE DESCRIPTION

The work zone where the HAR was installed was approximately'14 miles 16ng.
There were continuous frontage roads through the work area. The resurfacing
work required six months to complete.

The Qork zone had an4Average Daily Traffic of 20,000 vehicles per dqy.{
~ Approximately 20.percent’of'this traffié was truék traffit and a large percentége

was commuter traffic,

Traffic Control

Figure 7 shows the innovative traffic control strategy used tb handle
traffic at the worksite. The use of this strategy was prompted by the heavy
traffic volumes at the worksite, the large.percentage~of trucks in the traffic
stream, and the faét that the existing frontage roads could not structurally
withstand heavy truck loads.

A1l trucks and buses over 5 tons'were required to use one side of the
mainlanes which was temporarily converted to a two-lane, two—waeroadhay.
Passing was prohibited forvtheJentire length of this two-way section, and the
posted speed limit was reduced from 55 to 50 miles per hour.

Passenger cars, pick—Ups, and vans were diverted from the mainlanes and
required to use the parallel frontage roads to travel arcund the work area.
The frontage roads, which normally carried two-way traffic, were temporarily |
converted to one-way'operation. The posmed‘speed limit on the frontage foadé
was reduced from 55 to 50 miles per hour. | . |

To inf@rm‘motorists of the special traffic conditions and diversion routes
at the work zone,‘an' elaborate system of Signs~was installed at the worksite.

Channelization devices, including barrels, vertical panels, and paint markings,
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were also installed at the diversion points on both ends of the work‘area.’

Figure 8 shows the traffic control devices used at the work site.

HAR INSTALLATION
From the inception of the innovative traffic control strategy, it was
recognized that the stré;egy Coqu créate a new and unexpectéd,driving‘éxperifg
ence for motorists. There was Considerable uhcertéinty regarding the safety
and operational efficiency of the strategy;'therefore, plans were made to use
a Highway Advisory Radio system}to supb]ement'the signs and channelizing deviﬁes.
The decision to use HAR came just béfére the project began. By the time
the HAR equipment had been drdered and‘insfélied, and the system licensed, |
most of the work had been complétgd. The HAR system was in operaﬁion for tess

than one month at the worksite.

Equipment

Two 10-watt fie1d transmitters, each with a single monopole antenna, were
installed at the work zone‘(one on each end}offthe project). The transmitters
broadcasted'independentiy; but'on.the same‘frequency (1610 KHZ); The same
message was broadcasted fkom each'transmitter. The message was‘retorded on

8-track tapes and continuously played.

Licensing

‘The work zone HAR system was operated on a ﬁpecial temporary auﬁhofity
uiicense. The temporary 1icensingfdid not‘requiré submission of an,FCC Form 400
or review of the license applicatioh by the International Telecommunication
Union (ITU). The temporaryilfcenseywas granted 63 days after submission of

the application.
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Messages
The following message was broadcasted continuously to both east and west-

bound traffic from the two fieldvtransmitters:
ATTENTION INTERSTATE HIGHWAY 10 TRAFFIC.

DUE TO ROAD CONSTRUCTION, ALL TRAFFIC MUST DETOUR THREE MILES AHEAD.
CARS, PICK-UPS AND RECREATIONAL VEHICLES MOVE TO THE RIGHT LANE AND

PREPARE TO DETOUR TO FRONTAGE ROAD.
TRUCKS AND BUSES MOVE TO LEFT LANE AND REMAIN ON FREEWAY AND ON THE

TRUCK DETOUR ROUTE.
THE TRUCK DETOUR ROUTE. IS CARRYING TWO-WAY TRAFFIC SO DO NOT PASS.

THE DETOUR IS ABOUT 7 MILES IN LENGTH AND ALL TRAFFIC WILL BE RETURNED
TO THE FREEWAY AFTER THE DETOUR.

There was a 3-4 second silent pause between each repetitidn of the méssages.
Two versions of the message»were}eva]uatgd during the study. In one
version, the meSsage'was.read alternately by a man and woman who had no experi-

ence in public announcing. They spoke at a speech rate of appquimately:
130 words/minute. In the second version, the message was read by a proféssional ‘

male radio announcer who recited the message at a speech rate of

190 words/minute.

Broadcast Distance

Both transmitters broadcasted an‘audible méssage over a diétance‘of several
miles. In fact, the HAR broadcasts could at times be héard in Beéumont which
was 20 miles from the work zone. This phenomenon was attributed to the pres-
ence of high voltage power lines near the work zone which amplified the radio
signals. The two independeht transmissions could be received simultaneously-

in the middle of the work zone and a jumbled, inaudible message resulted.

HAR Signing
Motorists approaching the work zone from either direction were informed

of the HAR broadcasts by three advance warning signs shown in Figure 9.' The
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Figure 9. HAR Signing
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b]ack-on—orange signs had 6-inch letters and were mounted just off the'
ri ght shoul der.

The first swgn, located 1-1/2 miles upstream of the transm1tter, 1nstructed
drivers to tune to 1610 one mile ahead for a radio traffic alert. The next
sign was located 3/4 mile upstream of the transmitter andait designated the
beginnidg of the radio broadcast zoné. The third sign wds 1-1/2 miies~farther

downstream and it deﬁignated the end of the radio zone.

STUDY DESCRIPTION

Field studies were conducted to evaluate the effectiveness_df the HAR
system in warn1ng motorists of cond1t10ns at the work zone. The‘studiés
included lane distribution, volume and vehicle class1f1catlon counts, and a
motorist questionnaire survey. Studies were conducted the week before the

HAR system was installéd,and»the week after.

Questionnaire Survey

A limited questionnaire survey was developed.and admfniﬁtered to 53 Qohk
zone motorists to evaluaté:vl) the péréentage'of motorists haVing an opetative
AM radio, 2) driver familiarity with the work'zoné, 3) motdrist opinion of the
HAR signing, and 4) motorist opinion of the HAR messages. TheYQUestionnairef
survey also was designed to estimate the percentége of motorists who saw thet

HAR signing and the percentagé.that attempted to tune to the HAR'Stétion-

STUDY RESULTS
Lane distribution, vo]ume;'and vehicle c]assificatioh counts'revealed that
the innovative traffic control strategy used at work zone was very successfu]

The conventional signs and channe11z1ng devices used at the work zone
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encouraged up to 94 percent of all cars, pick-ups and vans tb use the frontage
roads and the same high percentage of trucks to use the mainlanes. When

the HAR system was installed, these percentages rose slightly to 97 percent.

The effectiveness of the conventional signs and channelization devices
madé it difficult to evaluate the influence of the HAR on traffic flow patterns
in the work zone. The results of the questiqnnaire survey, however, provide
insight into driver reaction to the HAR signing and messages. The survey

results also suggest some apparent deficiencies in the HAR system.

Survey Findings

Apparent]y, the HAR signs were too smail and lacked target value.
Twenty—one of the 53 motorists (40 percent) surveyed said they did not see
the'HAR advance signing. Many motorists who saw the signs complained that
they Were too small or "hidden" by larger, more conspicuous work zone and free-
- way guide‘Signs.' Advance signing for an HAR system must be adequate if the
system is to be effective.

Only 14 of the 32 motorists (44 percent) who saw the signs attempted to
tune to the HAR bfoadcast. The work zone was on a heavy commuter route and
over half of{the drivers surveyed had traveled through the Qork zone several
times. Many of these fami]iér motorists said they failed to tune in because
they did not desire addftional infofmation about the work zone. This.finding
suggests that HAR should not be.used to broadcast repetitious 1nformationvto
familiar drivers. A few motorists who séw the signs did not tune in because
their car radios were broken.

Most of the drivers who attempted to tune to the HAR broadcasts were able

to hear the message and they rated the message quality as fair to good.
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Generally speaking, most motorists surveyed favored the use of HAR at some

work zones.

DISCUSSION |
Highway Advisory Radjo has potential as an effective tool for work zone
“traffic management;H Guidelines heed to be developed for the use and operation
of HAR in work zone§, however, These quidelines should identify Cunditinnsv
warranting the use of HAR af'work zones. These conditions might 1nclude |
1. DELAY - Work zones where gglgx is excessive and more favorable

alternate routes exist,
2. SIGNING EFFECTIVENESS - Work zones where normal construction warn1ng

techn1ques are 1neffect1ve or 1nappropr1ate,

3. ACCIDENTS - Work zones which have h1gher than normal acc1dent and/or
fatal1ty rates. ‘
In addition to the guide]ines, there is a need to improve HAR licensing
procedures. Obtaining a 1icenSe_for ansHARfsystem currently requires up to
six months. This time should bé reduced if HAR and HAR guidelines are to be

used effectively and regu]ar1y at work zones.
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pt
qt
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yd?

Approximate Conversions ta Metric Measures .

When You Xnow' Multiply by To Find
LENGTH
inches 2.5 centimetors
faet 30 centimeters
yards ‘0.9 moters
milos 1.6 kilometers
AREA
square inches 6.5 square cantimaeters
squara feot 0.09 square moters
square yards 0.8 sqquare meters
square miles 2.6 square kilomeoters
acres 0.4 hectares
MASS (weight)
ounces 28 grams
pounds 0.45 kilograms
short tons 0.9 tonnes
{2000 ib) )
VOLUME
teaspoans 5 milliliters
tablespoans 15 milliliters
fluid ounces 30 milliliturs
cups 0.24 liters
pints 0.47 titers
quarts 0.85 liters
gallons 38 litors
cubic faet 0.03 cubic metars
cubic yards 0.76 cubic meters

TEMPERATURE {exact)

5/9 (aftor
subtracting

32

Fahrenheit
temperature

Galsius
ternperajurg

. 'APPENDIX

METRIC CONVERSION FACTORS
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°tin = 2.54 (exactiy). For othor exact convorsions and more detailed tables, see NBS
Misc. Publ, 286, Units of Weights and Muasures, Price $2.26, SO Catalog No. C13.10:286.

Approximate Conversicns from Metric Measures

When You Know Multiply by To Find
LENGTH

miltimoters 0.04 inches

centimeters 0.4 inches

maters 3.3 feet

meters 1.1 yards

kilometers 0.6 miles

AREA

Q-r;:uaro centimotors | 0.16 square inches

wjuare metars 1.2 square yards

square kilometers 0.4 square miles

hectares (10,000 m?} 25 acres

MASS (weight}

grems 0.03% ounces

kilagrams 2.2 pounds

tonnes {1000 kg) .1 short tons
VOLUME

milliliters 0.03 fiuid ounces -

litars 2.1 pints

fiters 1.06 quarts

hters 0.26 galions

cubic meters 35 cubic teat

cubic metars 1.3 ‘cubic yards

TEMPERATURE {exact)

Colsius 9/5 {than Fahrenheit
temperature add 32) temperature
° OF
F 32 98.6 212

-40 0 40 80 120 160 200
-40  -20 0 20 40 0 80 100

% 7
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