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SUMMARY 

CHANGEABLE MESSAGE SIGNS 

Field studies were conducted during maintenance activities on 1-35 in 

SaO,Antonio to assess the feasibility of using changeable message signs (CMSsJ 

for work zone traffic management. The studies evaluated the use of CMSs for 

'1) encouraging traffic to vac~te a closed la,ne at a lane closure work zone 

and 2) divertjngtraffic around a work zone on an alternate freeway route. 

Lane'Change Study 

The studies revealed that CMSs can be 'used at, lane closure work zones 

to encourage more drivers to vacate the closed lane(s) farther upstream'of 

the cone taper. However, CMS.s should not be used in place of flashing 

arrowboards at' thes:e work zones. Arrowboards are very effecti ve devi ces for 

advance warni ng of medi an and shoul der 1 ane closures. 

Diversion Studies 

The San Antonio studies also determined thatCMSs can be used to divert 

traff; c a round a freeway maintenance work zone on an alternate freeway route. 

A specific diversion message displayed on a CMS ;s most effective; however, 

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

significant 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

s tate highway in Chambers County, Texas to eva 1 ua te the use of Hi ghway· Advi sory 

Radio (HAR) for work zone traffic management. The studies revealed that the 
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HAR had little~ornoeffe(ton traffic 'o;peratlons attne work, tgllebe~~USQ' f:) . ., 

two factors:. Firs,t" the conventi,onal signfng at the' worR: tOM'waS excelle'tlt 

and the HA·R functfone'dofll;yas at s upplernenta 1 fn,format,1on source.. . Se:cortd; 

the advanced signing used to encourage motorist~ to tuRe' to tfleH~RbroadE!&st's: 

was apparently inadequate in te'rmS of legibility and vis·ibilfty., , 

[vert toough the HAR system didnQ:t significan.tly a,flett. tritff:ii(;'Qf.l«,.t.i6n<§ 

at the" work zone evaluated. thes,tudies indicated that PfAR fmlyht~'e' g~ 

potential for work z:Qne'traffic manageme'nt iilc'e'r'taiFl applJcat16rr~,.,' HAFt Itay be 

best suited for displaying long or C'0fltJ11itc1lted mEs>sages '(e'",t.-, Gfve:ft'sldrf 
, ' 

instructions,) at long-term w(J'rk zones. g,ec:ause &f curreflit Ifede'f"a:l Co~unficatiol:l 

Commission re'gu.Tationsand licef,l,s:i,ng re'~ireme:"tSt1 .MAR 1s· not pra~tijci1l fO;f' 

most rna'; n te'n,ance' . ope rati ons~ 

The- s.tudie'Salsa reveale-d'that e-xfs,ting HAR tivQlrdW:ar~ €Wltf1~ a m6fiopole' 

antenna· system) performs adequate'l,Y_ MOto'r-ist.s., gan:eraTiliy S'p:'S·aI(,iiA~,.~T. 

satis.fied wi,th the Cluality of the· bro;atk:astg, and scr"pvlrft'l'le' af t1!1\i'§; T~\tati!,,@ 

approach to work z'Of!te traffic maflia'gement'. 



CHANGEABLE MESSAGE SIGNS· 

INTRODUCTION 

Changeable message signs (CMSs) are playing, an increasingly important 

role in managing hi"ghway traffic. Their popularity. and use have expanded 

during the last 10 years. In 1978, for example, 42 states reported using 

cr~ss for applications ranging from warning of dust, fog, and ice to freeway 

traffic manageme'nt (1). Recently, CMS systems have been placed on trailers 

and pick~up trucks, making them transportable. This characteristic, 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 f~asibility 

of CMSs for work zone tra ffi c management. Pre 1 i mi na ry fi e 1 d s tudi es were 

conducted in Dallas (~) during several freeway maintenance operations. These 

preliminary st~dies showed that informational messages displayed on a CMS 

about roadwork (e.g., ROADWORK AT OXFORD AVE.) increased diversion off the 

freeway by 5.1% to 7.4% (expressed as a percent of upstream demand) in 

comparison to the natural diversion observed without a CMS message. Diversion­

a ry messages (i. e., dri vers ins tructed to exi t freeway) increased di vers ion 

by an additional 2% over that observed when informational messages 

were displ ayed 

Following 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 
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an ·alter-nate f~way:rGllItea;ro'1i.m4 a 'workZOAE! 'wa'sals'O'evalua1;e'Ci·. In the 

Sa·.n A,nto"l~o d~ve'rs~o:n stud,.es.~ 'tlnllkethe 'Dall~s 'stUl(l~es~ 2ct:rive:rs we:re 

instr,uct~dt0 ,use ·a spec'ific freewaydii'Vers1''On l'O'uue. 

The lane cha:n'§e .and d,ive:rsi'oli) ,studi@:s we·re cOA4W!c'ted darting freew,ay 

rna i'ntenalilceo:pelrati'()As 'on a four-laftesection of·j -35 ... Figw.re 1 slhows . the 

study ·are·a :and the location. 'of ttletwo :CMSs used in th1e stutllles. The 

'CMSswere trailer-'nJOuntea·, bulb mltri·x Si'grls (see:Figure.2) 10 

4 



- - - - - Diversion Route 

" eMS 

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

5 



Figure 2. Changeable Message Signs Used 
in San Antonio Studies 
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LANE CHANGE STUDY 

The lane change study was conducted on March 11, 1980 during pavement 

repair on 1-35 in the vicinity of Division Street in San Antonio. During this 

study, driver reaction (i.e., lane changes) to lane closure infonnation dis­

played on one two-line eMS was evaluated. 

Study Description 

A schematic of the lane closure work zone is presented in Figure, 3. 

The schematic shows the location of the eMS and other traffic contro.l devices 

relative, to the work zone. It also shows the relative location of the lane 

distribution count stations established to collect lane change data. 

Lane di stributi on counts ~ere made by observers at ei ght freeway loca­

tions--one station upstream from the eMS, one at the eMS, and six downstrearn~ 

In addition, traffic volumes through 'the work zone were counted in an attempt 

to measure the work zone capacity. (Vol urnes never reached capaci ty flow, 

however. ) 

In order to assess the effectiveness of the eMS in encouraging drivers 

to vacate the closed lane, the eMS was turned on and offaltetnately at 

approximately 20-minute intervals during a three-hour 'period. A message 

was displayed in two parts and read: ROADWORK AT DIVISION/LEFT LANE CLOSED. 

Each message part was displayed alternately for four-second intervals. 

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 turned off. As 

the dri vers reached each count sta ti on, they a 'I erted the observers by radi 0 

who would then record the time and volumes. This technique, used success­

fully during diversion studies in Dallas (~), '''opens'' and "closes" each 
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Fi gure 3. S~hematic of Work Zone (Lane Change Study) 
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study period and separates those of drivers who had an opportunity to read 

the CMS message from those who did not. 

Resul ts 

Figure 4 summarizes the volume data collected during the lane change 

study. It presents the hourly vol urnes on each ramp and freeway section 

during periods with and without a eMS message displayed. A review of the 

data shows that the volumes during both periods were comparable. Therefore, 

differences in volumes did not influence results. 

The measure of effectiveness used to evaluate the eMS was the percent 

of vehicles that remained in the clos~d median lane as traffic progressed 

toward the cone taper. It was expected that, if the eMS was effective, a 

greater percentage of drivers would leave the closed median lane (and 

fewer drivers would enter the median lane) when CMS messages were displayed 

(compared to when the CMS was 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 1,ane volumes 

at each count station in compariso~ to that originally in the lane at 

Station 1 located upstream from the CMS. Negative percentages indicate 

less traffic in the lane in' comparison to Station 1; positive percentages 

reflect increased volumes in the lane resulting from more drivers moving 

into than out of the median lane. 

The results reveal that the eMS did indeed encourage drivers to vacate or 

avoid the closed median lane. Although the percent volumes in the closed 

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

9 



Note: eMS "off" shown outside 
parenthesis. . 

CMSi'on 'i shown inside 
parenthesis. 

Not to Scale 
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Figure 4. Hourly Volumes Observed During Lane Change, Study 
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was displayed, they were significantly lowe~r than periods when the eMS 

was blank. 

The curves in Figure 5 illustrating the percent change in volumes show 

that during normal periods (without a eMS message) there was a large increase 

in median lane volumes as traffic progressed from Station 1 to Station 8. 

Volumes at Station 7 were 60% higher than at Station 1. Volumes at 

Station at located 700 ft. upstream from the beginning of the cone taper, 

were 29% higher. (The drop in volumes between Stations 7 and 8 is attributed 

to the LEFT LANE CLOSED AHEAD sign and the driver's perception of the 

flashing arrowboard and lane closure.) 

In contrast, while the eMS message was di.splayed, v.olumes at Statipn 7 

were 4% lower than at Station 1. Volumes at Statio.n 8 were 17% lower. When 

the 17% reduction at Station 8 was compared to the 29% increase that. resulted 

with the eMS blank, the net effect was a 46% gre,ater reductio" in the lane 

volumes attributable to the eMS. 

The volumes in the median lane at the various stations were relatively 

high because of several site specific factors including the following: 

1. the relatively high' proportion of t·raffic (compared to the freew~ay) 

on theMilit~ryo.n-ramp located a relatively short distance upstream 

from the eMS, 

2. the presence of an additional relatively high volume OR· ... rafl,lP at 

Southcross Ave. located downstream from theCMS; but upst~am frp,m 

the cone taper, 

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

and 
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4. the relatively sho-rt decision sight distance to the lane closure. 

These factors are discussed in more detail in the next paragraphs. 

The freeway volumes in advance of the Military Drive on-ramp, located 

only 1500 ft. upstream from the eMS, averaged about 460 vph during the study. 

The volumes on the Military Drive on-ramp averaged 740 vph. Thus, the volumes 

were much higher than the upstream freeway demand. Observations in the field 

revealed that a large percentage of the on-ramp drivers moved into the center 

and median lanes almost immediately after entering the freeway. The high rate 

of lane chang-ing resulted in a relatively high driver task load, and it is 

p'robably safe to assume. that many drivers did not have an opportunity to reaa 

the eMS message. 

Another factor that affected the lane distribution of traffic was the 

Southcross Avenue on-ramp. The ramp was downstream from the eMS and approxi­

mately2600 ft. upstream from the cone taper. Volumes on the Southcross ramp 

during the study averaged 410 vph. Although this can be considered as being 

1 i ght tra ffi c, it was hi gh re 1 ati ve to the freeway volumes nea r the ramp. The 

freeway volumes downstream from the ramp averaged 1660 vph; 26% came from the 

on-ramp. Thus, at least 26% of the freeway drivers during the study did not 

see the eMS 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 

likely travel in the two left lanes to avoid the possibility of becoming 

"trapped" in the di, sconti nuous 1 ane. Thus, it is specu1 ated that the ri ght-

si~e lane drop influenced several drivers to travel in the center and median lanes. 

The fourth influencing factor was the relatively short decision sight 

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

13 



majority ofdrlvers vacate a closed lane after reading the appropriate static 

work zone signs, a relatively high percentage (approximately 20%) will not 

leave the lane until they actually see evidence of the closure (e.g., cones 

or maintenance vehicles in the lane, arrowboards, etc.). Other r~search(4,.§J 

also indicates that drivers must perceive a freeway lane closure at least 

1500 ft. upstream from the cone taper; shorter sight distances do not provide 

adequate time for most freeway drivers in the closed lane to take appropriate 

actions. 

Observations during the San Antonio studies indicated that the sight 

distance to the 1 ane closure was 1 ess than 1000 ft. Al though an arrowboa rd 
'". ,\ .. 

with a sequencing arrow was used in the traffic control set .. up, the horizon ... 

tal curvature of the freeway. adversely affected the drivers I. percept; on of the 

lane closure. 

DIVERSION STUDIES 

The'diversion studies were conducted during the night on March 17th and 

18th, 1980 at a median guardrail repair worksite on 1-35 in San Antonio. The 

work required closing the inside lane of a two-lane section near the CBD. It 

was anticipated that the ·lane closure would result in a capaCity problem at the 

work zone. Therefore, diversionary 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 1-35 route (see 

Figure 6). 
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The CMS messages designed for the study are shown below: 

Diversion Message 

ROADWORK 
AT STOCKYARDS 

THRU TRAFFIC 
USE I-10E/I-37 

Wa rni ng~ssage_ 

CAUTION I 
ROADWORK 

AT STOCKYARDS 

Me'ssages were designed with the intention to use two CMSs. However~ 

the plans were changed during the study when problems developed with the 

CMS closest to the diversion point. As a result, only the southernmost 

sign was used during the study. 

The original plans also called fora diversion message and a warning 

message to be displayed for one full hour each on both study days. The 

latter message type (warning message) was incorporated into the' s,tudy 

upon request of the SDHPT maintenance supervi sar i'n charge of the roadwork. 

Again, CMS problems on both study days required changes in the field. - The 

final message display times welreas follows: 

March 17, 1980 
March 18, 1980 

Diversion -Message 

9:40-10:20 pm 
9:00-10:00 pm 

W'arning: _ ~ssage 

10: 20-11:00 p.rn 
10:00-11:00 pm 

l i'cense plates of vehicles passing a network of recording s-tati-o-ns we-re' 

recorded continually throughout each study period to' determine' travel patte'rns 

of through drivers. The recording stations were selected tope.rmtt, as 
- -

closely as possible, accurate' determination of travel p.atterns on both the, . 

primary and diversion routes. license plate and volume recording stations 

are shown in Figure 6. 
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Results 

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

drivers using the diversion route while the diversion message was displayed. 

The effectiveness of the CMS diversion and warning message is best seen by 

comparing the percent of through drivers using the two routes when the mes­

sages were displayed. A summary of such a comparison is presented in Table 1. 

It is interesting to note from Table 1 that the distribution of traffic 

on the primary and diversion routes was quite similar on both days. More 

important is the significant increase in the percent of through traffic using 

the diversion route while the diversion message was displayed. The combined 

Monday and Tuesday data show that 15% more through 'drivers used the diversion 

route when the diversion message was displayed in comparison to the times 

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

Discussion 

Any conclusions reached from this study must be accompanied with quali-

fiers because of surrounding influencing factors.' The results compare the 

effects of a diversion message toa warning message. It is possible that 

many drivers familiar with the geometric conditions on 1-35 speculated that 

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

wa~ning of the larye 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 di vers i on 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 t~ compare the effects of both the warning and diversion messages 

to a blank sign. 
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TABLE 1. PERCENTAGE OF NORTHBOUND THROUGH lRAFF1C 
USING PRI~RY AND DIV€RStON ROUTES 

Total Northbound Total Northbound 
Through Through Percent Us i 09 

Message 1-35 Traffic 1-35 Traffic Through Traffic 
Type at Division Ave. at Division Ave. Primary Route 

Monday, 3/17/80 
Warning 556 13 51 
Diversion 436 46 31 

Tuesday, 3/18/80 
Warning 985 98 54 
Diversion 693 38 38 

Monday &" Tuesday, Combined 
Warning 1541 111 53 
Diversion ..!.ll2. 119 38 

TOTAL 2610 290 41 
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Conversely, the time effects of the messages during long-term maintenance 

(several nights) were not studied. Once the drivers who regularly divert 

become aware of the absence of congestion, they may elect 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 section at 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. r·1otorists traveling down a freeway 

are instructed by s'igns to tune their car radios to a specially designated 

frequency (usually 530 KHz or 1610 KHz). Upon tuning to the frequency, they 

hear alive or pre-recorded message broadcasted from a field transmitter. HAR 

is intended to supplement visual signing (e.g., conventional highway signs, 

changeable message signs, etc.) ~here signing alone is inadequate, inappropriate, 

or ; neff; ci ent. 

HAR has been used in at least eight states with varying degrees of success 

for applications ranging from airport parking control to hazard warning •. t40st 

installations to date have been permanent in nature. In the past, the use of 

HAR has been restricted somewhat by Federal Comnunication Commission (FCC) 

regulations. Its use has also been discouraged by certain operational problems (i). 

In 1978, the FCC re 1 axed some of its res tri cttons on HAR, thus encourag-

ing the ·use of HAR at temporary work zones. There have also been advancements 

in hardware and operational technology in rece'nt years (Z). HAR now appears to 

have great potent~al as a traffic management tool at some types of work zones; 

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

BACKGROUND 

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

four-lane rural section of 1-10, midw~y between Houston and Beaumont, Texas 

in 1980. A temporary HAR system was used to divert traffic around a resur­

facingworksite. District 20 of the Texas State' Department of Highways and 

Public Transportation (SDHPT) installed and operated this HAR system. 
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WORK ZONE DESCRIPTION 

The work zone where the HAR was installed was approximately 14 miles long. 

There were continuous frontage roads through the ~/ork area •. The resurfacing 

work requ"iredsix months to complete. 

The work zone had an.Average Daily Traffic of 20,000 vehicles per day. 

Approximately 20 percent of this traffic was truck traffic and a large per(;entage 

was commuter t ra ffi c. 

Traffic Control 

Figure 7 shows the innovative tr·affic .control strategy used to handle 
t 

traffic at the worksite. The use of this strategy wa.s 'prompted by the heavy' 

traffic volumes at the worksite, the large perc·entage -of trucks in the traffic 

stream, and the fact that the existing frontage 'roads could not stru,ctu.rally 

wi thstand h,eavy truck loads. 

All trucks and buses over 5 tonswererequ ired tOllfse ,one s i de of the 

mainlaneswhich was temporarily .converted to .a tW1o-lane., two .. way ,ro.a,Qway .. 

Pas sing was :p roh i b i ted for th,eent i ;re length ,of th-is tWO'-'W:dY s,e;ct ton, ·a·rld the 

posted-speed limit was reduced from 55 to SO miles peir hour .. 

Passenger cars, pi ck-u-ps ,andvans ,we're dive:rted from the.ma;·ntJines and 

requ; red to ,use the parallel frontage ;rC)&.ds to ,tra'vela,round ttl,e w(l);r.«are:a. 

The frontage roads~ which normally carrj(ed tW,O-,W8Y t;raffic, iWeiy;e tempo,rarily 

conve·rted to one-wayoperati on. . The ,P0Sitsed $;peed 1 im~ t ·on thefirolilta1geroads 

was reduced from 55 to 50 miles per "hoWl'. 

To inf&rmmotorists of the special tbraffic conditions and d,;verslon ,routes 

at the 'work zone ,an el aborate sys.temoff si gnsw.as ,instal1eda:t tbeworksite. 

ChanneTi zat~h:m dev:ices,incl ud-ingbarreTs, vert:ica1 panels, andpai;rrtmarkings, 
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Figure 7. Work Zone Traffic Control Strategy at the 1-10 Work Zone 



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 st,rategy, it was 

recognized that the strategy could create a new and unexpected driving experi­

ence for motorists. There was considerable uncertainty regarding the safety 

and operational efficiency of the strategy; therefore, plans were made to use 

a Highway Advisory Radio system to supplement the signs and channelizing deviceS. 

The decision to use HAR came just before the project began. By the time 

the HAR equipment had been ordered and installed, and the system licensed, 

most of the work had been completed. The HAR system was in operation for less 

than one month at the worksite. 

Equipment 

Two lO-watt fjeld transmitters, each with a single monopole antenna, were 

installed at the work zone (one on each end of the project}. The transmitters 

broadcastedindependently, but on the same frequency (1610 KHz). The same 

messag~was broadcasted from each transmitter. The message was recorded on 

8-track tapes and continuously played. 

Licensing 

The work zone HAR system was operated on a speci al temporary author; ty 

license. The temporary licensing did not require submission of an FCC Fonn 400 

or review of the license application by the Inte~nat1onal Telecommunication 

Union (-ITU). The temporary license was 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 field transmitters: 

ATTENTION INTERSTATE HIGHWAY 10 TRAFFIC. 
DUE TO ROAD CONSTRUCTION, ALL TRAFFIC f4UST DETOUR THREE MILES AHEAD. 
CARS, PICK-UPS AND RECREATIONAL VEHICLES r40VE 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 00 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 repetition of the messages. 

Two versions of the message were evaluat~d during the study. In one 

version, the message was read alternately by a man and woman who had no experi­

ence in pub 1 i c announci ng. They spoke at a speech rate of approximate 1y' 

130 words/minute. In the second version, the message was read by a professional 

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

190 words/minute. 

Broadcast Distance 

Both transmitters broadcasted an audible message over a distance of several 

miles. In fact, the HAR broadcasts could at times be heard in Beaumont which 

was 20 miles fr~m the wo,rk,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 independent transmissions could be received simultaneously 

in the middle of the work zone· and a junt>led, 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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black-on-orange signs had 6 .. inch letters and were mounted just off the 

ri ght shoul der. 

The first sign, located 1-1/2 miles upstream of the transmitter; instructed 

drivers to tune to 1610 one mile ahead for a radio traffic alert. Thene.xt 

sign was located 3/4 mile upstream of the transmitter and it designated the 

bt~ginninu of th(~ radio brOddcast lonn. TtH~ third siqn was 1-1/2 Ulile~' farther 

downstream and it designated the end of the radio zone. 

STUDY DESCRIPTION 

Field studies were conducted to evaluate the effectiveness of theHAR 
I 

system in warning motorists of conditions at the work zone~ The studies 

included lane'dist.ribution, volume and vehicle classification counts, and a 

motorist questionnaire survey. Studies were conducted the week before the 

HAR system was installed and the week after. 

Questionnaire Survey 

A limited questionnaire survey was developed and administered to 53 work 

zone motorists to evaluate: 1) the percentage' of motorists having an operative 

Ar1 radio,,2) driver familiarity with the work zone, 3) motorist opinion of the 

HAR signing, and 4) motorist opinion of the HAR messages. The questionnaire 

survey also was designed to estimate the pe'rcentage of motorists whQ saw the 

HAR signing and the percentage that attempted to tune to theHAR'Station. 

STUDY RESULTS 

Lane distribution, volume, and vehicle classification counts revealed that 

the innovative traffic control strategy used at work zone was very successful. 

The conventional signs and channelizing devices used at the work zone 
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encouraged up to 94 percent of all cars, pick-ups and vans to 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 

made it difficult to evaluate the influence of the HAR on traffic flow patterns 

in the work zone. The results of the questionnaire 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 Fi ndi ngs 

Apparently, the HAR signs were too small and lacked t~rget value. 

Twenty-one of the 53 motoris ts (40 percent) surveyed sai d they di d 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 broadcast. The work zone was on a heavy commuter route and 

over half of the drivers surveyed had traveled through the work zone several 

times. Many of these familiar motorists said they failed to tune in because 

they did not desire additional information about the work zone. This finding 

suggests that HAR should not be used to broadcast repetitious information to 

familiar drivers. A few motorists who saw the si9ns 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 Radio has potential as an effective tool for work ;zone 

traffic management. Guidelines need to be developed fo.r the use and operation 

of HAn in work zones, hO\"If~ver. Th(~sp qui dfd i nes shou 1 d i cjpn t i{y coudi t·i nt's 

warranting the use of HI\R at work zones. These conditions mi!Jht include: 

1. DELAY - Work zones where delay is excessive and more favorable 

alternate routes exis~. 

2. SIGNING EFFECTIVENESS - Work zones where normal constructioowarning 

techniques are ineffective or inappropriate, 

3. ACCIDENTS - Work zones which have higher thannonnal accident and/or 

fata 1 i ty rates. 

In addition to the guidelines, thereisa need to improve HAl 11iCe,ns;ng 

procedures. Obtaining a license for an HAR system cu·r·rently require$.up to 

six months. Th; s time should be re,duceri if HAR and HARgu i de 1 ines a·ree to be 

used effect; vely and regul a~ly at "work zones. 
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APPENDIX 

METRlC CONVERSION ,FACTORS 

Symbol 

in 
h 
yd 
mi 

01 

Ib 

tsp 
Tbsp 
fI 01 

c 
pt 
qt 
g81 
ftl 

vd' 

Approximate Conver~ions to Metric Measures. 

When You Know 

inches 
feet 
yards 
millK 

square inch" 
square feot 
aquare V81ds 
square miles 
acres 

ounen 
pounds 
short tons 

(20001bl 

teaspoons 
tablespoons 
fluid ounces 
CUp" 

pints 
quarts 
gallons 
cubic feet 
cubic yards 

Multiply by 

LENGTH 

-2.5 
30 

0.9 
1.6 

AREA 

6.5 
0.09 
O.B 
2.6 
0.4 

MASS (weight) 

28 
0.45 
0.9 

VOLUME 

5 
1S 
30 

0.24 
0.47 
0.95 
3.8 
0.03 
0.76 

To Find 

centimeters 
contimeters 
moters 
kilomoters 

squa~. centimeter. 
$Quare moters 
square moters 
square kilometers 
hectares 

grams 
kilograms 
tonnes 

milliliters 
millilite" 
miIHliturs 
liters 
litors 
liters 
litors 
cubic meters 
cubic meH:rs 

TEMPERATURE (exact) 

Fahrenheit 
temporature 

5/9 laftor 
subtract it\g 
32) 

C4.\hitli 
toemper"lttrq 

Symbol 

em 
em 
m 
km 

g 
kg 

ml 
ml 
ml 
I 

~--2 

(n 

-

~ -

-
w -

N 

-

------
s· ----
g. --= 
~ -=. --.--

-1 in • 2.54 (uDctlyl. For othol .".tcl convorsions and more detailed tllblas, sue NBS 
Mis-c. Publ. 28G, Unib of Woights and Muasurcs. Price $2.2C" SO Catalog No. C13.10:286. 

~ -
M ... 
N 

o 

I~ 
I' 

F 
~ 

----
M 

------
:=-_ N 

----
g-5 r 

Symbo1 

mm 
em 
m 
m 
km 

9 
kg 
t 

ml 
I 

Approximate Conversions from Metric Measures 

When You Know 

miltimotors 
centimeters 
meters 
motars 
kilometen 

squaro centimotors 
square meters 
\.quare kilometers 
hectares (10,000 m') 

Multiply by 

LENGTH 

0.04 
0.4 
3.3 
1.1 
0.6 

AREA 

0.16 
1.2 
0.4 
2.5 

MASS (weight) 

grams 
kilo!Jrams 
tonnas (1000 kg) 

millili"lfs 
liters 
\itl'rs 
liters 
cubic maters 
cubic: metors 

0.035 
2.2 
1.1 

VOLUME 

0.03 
2.1 
1.06 
0.26 

35 
1.3 

To Find 

inches 
inchn 
feet 
yards 
miles 

square inches 
square y.rds 
square miles 
acr8S 

ounces 
pounds 
short tOM 

fluid· ounces 
pints 
quarts 
gallons 
cubic f8ltt 

cubic yards 

TEMPERATURE (exact) 

Colsius 
temperature 

OF 
-40 

I I I' 

32 

, ?, , '14~ I 'I -20 O· 

9/5 {ltlltl\ 
.,dd 311 

F .. hlcnheit 
temperature 

OF 

"2 
,2~O ,I 

Symbol 

in 
in 
ft 
yd 
mi 

01 
Ib 

flOl 
pt 
qt 
gal 
tt' 
yd' 




