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IntroductionIntroduction

The Maryland State Highway The Maryland State Highway 
Administration is testing tools to improve Administration is testing tools to improve 
safety in work zones.safety in work zones.
SHA identified the work zone along ISHA identified the work zone along I--695 695 
from from West of IWest of I--83 Southbound to East of 83 Southbound to East of 
Thornton Road as a candidate location for Thornton Road as a candidate location for 
reducing vehicle speeds approaching a reducing vehicle speeds approaching a 
work zone.work zone.



IntroductionIntroduction

Rented Two Rented Two VerVer--Mac 1500 PCMS signs Mac 1500 PCMS signs 
with Radar and Cellular Connection with Radar and Cellular Connection 
options from National Capital Industriesoptions from National Capital Industries
Signs located on ISigns located on I--695 Inner Loop 695 Inner Loop 
between between GreenspringGreenspring Ave and IAve and I--83 SB 83 SB 
(JFX)(JFX)
Signs were deployed on 06/21/2004Signs were deployed on 06/21/2004



Previous ResearchPrevious Research

Illinois (1992)Illinois (1992)
II--57 57 
ShortShort--term evaluation (One day after deployment)term evaluation (One day after deployment)
Speeds reduced on a range of 3 to 5 MPHSpeeds reduced on a range of 3 to 5 MPH

Virginia (1994)Virginia (1994)
Conducted on seven Interstate work zones.  Conducted on seven Interstate work zones.  
Speed reduced by about 4 MPH within seven days of Speed reduced by about 4 MPH within seven days of 
deploymentdeployment



Previous ResearchPrevious Research

Virginia (1998)Virginia (1998)
Work zones on Interstate and primary highways Work zones on Interstate and primary highways 
Seven week evaluationSeven week evaluation
Data Collected One week, Three weeks, Five weeks, and Seven Data Collected One week, Three weeks, Five weeks, and Seven 
Weeks after deploymentWeeks after deployment
Speed reduced by 8 to 10 MPH Speed reduced by 8 to 10 MPH 

Texas (2000)Texas (2000)
II--40 (four40 (four--lane limited access highway)lane limited access highway)
PCMS was located 1½ mi prior to lane closurePCMS was located 1½ mi prior to lane closure
ShortShort--term evaluation (within seven days of deployment)term evaluation (within seven days of deployment)
Small speed reductions were observed (2 to 3 MPH).Small speed reductions were observed (2 to 3 MPH).



Previous ResearchPrevious Research

Utah (2003) Utah (2003) 
Speed display trailer Speed display trailer 
Six Interstate highways and one state routeSix Interstate highways and one state route
ShortShort--term evaluation (within seven days of term evaluation (within seven days of 
deployment)deployment)
Average vehicle speed was reduced 7 MPHAverage vehicle speed was reduced 7 MPH



FullFull--MatrixMatrix
Display Panel 131” x 78”Display Panel 131” x 78”
4 LEDS in optical lens per 4 LEDS in optical lens per 
pixel (48 x 30 pixels)pixel (48 x 30 pixels)
Solar PoweredSolar Powered
Options includedOptions included

Remotely programmable from Remotely programmable from 
your PC with cellular modemyour PC with cellular modem
Speed display with radarSpeed display with radar

VerVer--Mac PCMSMac PCMS--15001500



Layout for Test DeploymentLayout for Test Deployment



PCMS Signs in OperationPCMS Signs in Operation



Data CollectionData Collection
Spot Speed StudySpot Speed Study
One speed reading was taken in each lane per minuteOne speed reading was taken in each lane per minute
Utilized Laser Radar guns provided by SHAUtilized Laser Radar guns provided by SHA

9:30 AM to 12:30 PM & 6:00 PM to 10:00 PM9:30 AM to 12:30 PM & 6:00 PM to 10:00 PM8/17/20048/17/2004One Week After PCMS were One Week After PCMS were 
RemovedRemoved

6:00 PM to 10:00 PM6:00 PM to 10:00 PM7/28/20047/28/2004
Five Weeks After DeploymentFive Weeks After Deployment

8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM07/13/200407/13/2004Three Weeks After DeploymentThree Weeks After Deployment

8:00 AM to 11:00 AM8:00 AM to 11:00 AM7/29/20047/29/2004

8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM8/10/20048/10/2004Seven Weeks After DeploymentSeven Weeks After Deployment

9:30 AM to 12:30 PM & 6:00 PM to 10:00 PM9:30 AM to 12:30 PM & 6:00 PM to 10:00 PM8/18/20048/18/2004

8:00 AM to 11:00 AM8:00 AM to 11:00 AM06/29/200406/29/2004

6:00 PM to 10:00 PM6:00 PM to 10:00 PM06/28/200406/28/2004
One Week After DeploymentOne Week After Deployment

Two Days After DeploymentTwo Days After Deployment

One Day After DeploymentOne Day After Deployment

Before DeploymentBefore Deployment

Type of StudyType of Study

8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM06/22/200406/22/2004

8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM06/16/200406/16/2004

8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM06/23/200406/23/2004

8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM8:00 AM to 11:00 AM & 6:00 PM to 10:00 PM06/15/200406/15/2004

Time of StudyTime of StudyDate of StudyDate of Study



Sample Size Sample Size –– Station #1Station #1



Sample Size Sample Size –– Station #2Station #2



Data Reduction Data Reduction –– PM PM 



Statistical AnalysisStatistical Analysis

Analysis of Variance (ANOVA) General Analysis of Variance (ANOVA) General 
Linear Model.Linear Model.
Bonferroni’sBonferroni’s multiple multiple pairwisepairwise comparison comparison 
procedure.procedure.
Level of significance Level of significance αα = = 0.05.0.05.
Minitab ® Release 14.Minitab ® Release 14.



Results Results –– Station #1 (AM)Station #1 (AM)
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Results Results –– Station #1 (AM)Station #1 (AM)



Results Results –– Station #2 (AM)Station #2 (AM)
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Results Results –– Station #2 (AM)Station #2 (AM)



AM SummaryAM Summary

Station #1Station #1
Maximum speed reduction approximately 6 MPHMaximum speed reduction approximately 6 MPH
Speed reduction realized for at least one week after deploymentSpeed reduction realized for at least one week after deployment

Station #2Station #2
Maximum speed reduction approximately 8 MPHMaximum speed reduction approximately 8 MPH
Speed reduction realized for at least one week after deploymentSpeed reduction realized for at least one week after deployment

Speed reduction increased at second location.Speed reduction increased at second location.
Speeds slowly increased as the test progressed.Speeds slowly increased as the test progressed.
Speeds returned to “Before” levels after signs were Speeds returned to “Before” levels after signs were 
removed (within 1 MPH).removed (within 1 MPH).



Results Results –– Station #1 (PM)Station #1 (PM)
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Results Results –– Station #1 (PM)Station #1 (PM)



Results Results –– Station #2 (PM)Station #2 (PM)
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Results Results –– Station #2 (PM)Station #2 (PM)



PM SummaryPM Summary

Station #1Station #1
Maximum speed reduction approximately 5.5 MPHMaximum speed reduction approximately 5.5 MPH
Speed reduction realized for at least one week after deploymentSpeed reduction realized for at least one week after deployment

Station #2Station #2
Maximum speed reduction approximately 7.5 MPHMaximum speed reduction approximately 7.5 MPH
Speed reduction realized for a couple days after deploymentSpeed reduction realized for a couple days after deployment

Speed reduction increased at second location.Speed reduction increased at second location.
Speeds slowly increased as the test progressed.Speeds slowly increased as the test progressed.
Speeds returned to “Before” levels after signs were Speeds returned to “Before” levels after signs were 
removed (within 1 MPH).removed (within 1 MPH).



Proportion of Excessively Speeding Proportion of Excessively Speeding 
Vehicles (Station #1)Vehicles (Station #1)



Proportion of ExcessiProportion of Excessivvely Speeding ely Speeding 
Vehicles (Station #1)Vehicles (Station #1)

One week after deployment of the One week after deployment of the PCMSsPCMSs, , 
the percentage of excessively speeding the percentage of excessively speeding 
vehicles:vehicles:

Decreased from 69% to 24% in the AM periodDecreased from 69% to 24% in the AM period
Decreased from 80% to 46% in the PM periodDecreased from 80% to 46% in the PM period

Percentage slowly increased to “Before” Percentage slowly increased to “Before” 
levels as the test progressed.levels as the test progressed.



Proportion of Excessively Speeding Proportion of Excessively Speeding 
Vehicles (Station #2)Vehicles (Station #2)



Proportion of ExcessiProportion of Excessivvely Speeding ely Speeding 
Vehicles (Station #2)Vehicles (Station #2)

One week after deployment of the One week after deployment of the PCMSsPCMSs, the , the 
percentage of excessively speeding vehicles:percentage of excessively speeding vehicles:

Decreased from 58% to 17% in the AM periodDecreased from 58% to 17% in the AM period
Decreased from 80% to 39% in the PM periodDecreased from 80% to 39% in the PM period

Percentage slowly increased to “Before” levels as Percentage slowly increased to “Before” levels as 
the test progressed.the test progressed.



ConclusionsConclusions

Speed reductions range from 5 MPH to 8 MPH for the Speed reductions range from 5 MPH to 8 MPH for the 
first week.first week.
Reductions of 3 MPH to 7 MPH are sustained for three Reductions of 3 MPH to 7 MPH are sustained for three 
weeks.weeks.
Speed reductions still realized after seven weeks.Speed reductions still realized after seven weeks.
Speeds returned to “Before” levels after signs were Speeds returned to “Before” levels after signs were 
removed (within 1 MPH).removed (within 1 MPH).
Speed reductions are statically significant.Speed reductions are statically significant.
All observed reductions are similar to previous research.All observed reductions are similar to previous research.
Workers perceived a reduction in speeds.Workers perceived a reduction in speeds.



RecommendationsRecommendations

PCMS with a speed display option is an effective PCMS with a speed display option is an effective 
tool in reducing speeds approaching work zones.  tool in reducing speeds approaching work zones.  
The signs should be placed to target the higher The signs should be placed to target the higher 
speed vehicles. speed vehicles. 

Note:  PCMS used in this test was 13’ wide, therefore Note:  PCMS used in this test was 13’ wide, therefore 
a shoulder/median greater 15’ is recommended.a shoulder/median greater 15’ is recommended.
For roadways with smaller shoulders, smaller PCMS or For roadways with smaller shoulders, smaller PCMS or 
Speed Display trailers may be usedSpeed Display trailers may be used


