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Evaluating the Safety Effects of Dynamic Message in a Work Zone: A Case Study
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ABSTRACT

Generally speeding appeared to be the most contributing factor of fatalities occurred in work
zones, and highway agencies in South Korea have concerned of the safety of workers and drivers
in the poor circumstances. In this study, a portable variable message signs (PVMS) system as an
alternative of control speeding in work zones was implemented. This study evaluated the safety
effectiveness of the PVMS based on speeds and the compliance with the speed limit. Linear
regression and logistic regression models were adopted to quantify the safety effect of the PVMS
between the ‘before’ and ‘after’. The results showed that most of points had statistically significant

Received 12 February 2019 speeds reduction experience after PVMS installation. Also, the percentage of vehicle exceeding the
Revised 22 February 2019 speed limit by 10 kmj/h or more was decreased significantly between 50 and 80% in the ‘after’
fozpizd 25 Juxs 200 periods compared to the ‘before’ periods. Therefore, the PVMS would be contributed to benefit safety
© 2019. The Korea Institute of in work zones which there is a difference in design speed of the adjacent normal section.

Intelligent Transport Systems. All
rights reserved. Key words : Work zone, Variable message sign, Safety, Speed



T2 SATZ SHEXE e HIk AR AT

W& B2 FAFA B ALY AP AAG B T8 AJF duolr] wZol, Eokgt
S FATNNAM B2 Agatel 1Ak ok SR =2 fAAbolA F BAlAtelth 53], =2 APt
v 7 T AsAtdd AHH R el =F57] "ol Ikt nls) F AAE w01 &
Ak 20131 AFARPARAA T A LI A7 AEAIE] Al B ofEtH, =& FARZEE ALY
o] T Aol HlEl 7 w2 Ao Uehgth E=3 20153004 20173 7o) =2 FARFERAIA @AY
ERNFFHY wEAL SARE oJstH, Azt oF 70070] WAt o 3|zt F oF 1009 ArE F
oF 3,600 0] A3 AoZ Uehgth

52 AN SEE BASE Uok F S B4 BEshs Zolth #d Aol osty, B4
AL AVEE F5E U3 F& Bhol g EAAA YU A0 BelF T Yok T I B
o 9 59 % AL AT Y ARl BAAD Y A T Aulsh Aol ARHolY] o)

o

2

2 734 E A FH(Variable message sign) Z]-8-°]
x']——‘T—‘r:—E Tor—‘r:—O]'“‘: ol ilfl'ﬂoltq A AA L A 317-% ] 25l ‘%‘l‘ﬂ /‘}%0}-1— UTE THHERH R
Ay

]/‘1 /\]-%o}_]_ A= 7}@_5%@-‘4' AT &= 33‘/‘}?7&54 71%%
A 8 G 17F A etk 1 ol e AR F3te] FESHA o ?ﬂl/‘]ﬂo] 7]7]' Ris i@%ﬁﬂ-‘ﬂ'
= AA 9 Y a3 AT AAH SR ¥ d T 9}1‘4 THoF <Fig. 1>3 22 o4 7TPAEEA 3
A F(Portable Variable Message Sign, PVMS)< & 3t AA 2 A sjdo] Jbssittn g
o o] & H3l, B dFolME =2 FAIIA PVMSS A&l mE ki aRE syt

2 =TS O 2ol Ak WA, 7] Y 28-S 1Est 282 FAREY] HHFHE AT

Wk QA E Wb e ARSI B RS AU the, PVMSe] QA IS 7} el =2
FATLE A5 B ARE SRS AFHOE FAH $UE 53} PYMS) A E4E AFH
o =)

2 A AT

O

<Fig. 1> PVMS implemented in a work zone
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S22 $Y3t Yok 4RTNA YA 2RHEE Aol FLre] Aol 200melv, ol Fire] Brke A3
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ANA HE= ff& T2E B2 FAEL 5 HYFHAT 42229 AFEEE 80km/h, Mok
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<Fig. 2> Layout of the work zone
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<Fig. 3> PVMS employed in 200m and 500m upstream of the work zone
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<Table 1> Variables of the regression analyses

Variable Description Level
Point Each speed collection point 5 points
D.
Time Day time: 06:00 AM to 06:00 PM, Night time: 06:00 PM to 06:00 AM Ni;yn
Period Before and after implementing PVMS ]%:ff;r:
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<Table 2> Results of F-test for variance

Time Point Variance p-value Test Results
Before After Differencel)

1 214 17.4 -4.0 0.0001 Reject
2 174 20.3 29 0.0001 Reject

Day 3 17.0 15.7 -1.3 0.116 No reject
4 14.8 159 1.1 0.238 No reject
5 155 13.0 25 0.001 Reject
1 19.7 20.7 1.0 0.601 No reject
2 185 18.0 -0.5 0.803 No reject

Night 3 152 15.5 0.3 0.753 No reject
4 14.9 124 2.5 0.01 Reject
5 129 153 24 0.01 Reject

1) ‘after’-‘before’
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<Table 3> Results of t-test for mean speeds between ‘Before’ and ‘After’ by each point

Time Point Variance p-value Test Results
Before After Differencel)
1 82.6 83.0 04 0.78 No reject
2 839 79.5 4.4 0.0005 Reject
Day 3 789 74.4 4.5 < 0.0001 Reject
4 78.6 66.3 -12.2 < 0.0001 Reject
5 68.1 68.4 -0.3 0.77 No reject
1 78.1 69.0 9.1 0.007 Reject
2 792 70.6 -8.6 0.0003 Reject
Night 3 713 715 -5.7 0.0007 Reject
4 739 69.6 4.3 0.0007 Reject
5 66.5 66.6 0.1 0.941 No rejectt

1) ‘after’-‘before’

<Table 4> Results of t-test for mean among points by each period

Before After

Time ComPaﬁng Test Test
Points 1thl) | 2nd2) | Diff3) | p-value Results 1th 2nd Diff p-value Results
1 and 2 82.6 83.9 1.3 0.241 No reject | 83.0 79.5 -35 0.006 Reject
1 and 3 82.6 789 -3.7 0.0003 Reject 83.0 744 -8.6 | < 0.0001 Reject
1 and 4 82.6 78.6 -4 < 0.0001 Reject 83.0 66.3 -16.7 | < 0.0001 Reject
1 and 5 82.6 68.1 -14.5 | < 0.0001 Reject 83.0 68.4 -14.6 | < 0.0001 Reject
2 and 3 839 789 -5 < 0.0001 Reject 795 744 -5.1 | < 0.0001 Reject

Day 2 and 4 839 78.6 -53 | < 0.0001 Reject 79.5 66.3 -132 | < 0.0001 Reject
2 and 5 83.9 68.1 -15.8 | < 0.0001 Reject 79.5 68.4 -11.1 | < 0.0001 Reject
3 and 4 78.9 78.6 -0.3 0.662 No reject | 74.4 66.3 -8.1 < 0.0001 Reject
3 and 5 789 68.1 -10.8 | < 0.0001 Reject 74.4 68.4 -6 < 0.0001 Reject
4 and 5 78.6 68.1 -10.5 | < 0.0001 Reject 66.3 68.4 2.1 0.273 No reject
1 and 2 78.1 792 1.1 0.505 No reject | 69.0 70.6 1.6 0.667 No reject
1 and 3 78.1 713 -0.8 0.497 No reject | 69.0 715 25 0.462 No reject
1 and 4 78.1 739 -4.2 0.0004 Reject 69.0 69.6 0.6 0.862 No reject
1 and 5 78.1 66.5 -11.6 | < 0.0001 Reject 69.0 66.6 24 0475 No reject

Night 2 and 3 792 713 -1.9 0.207 No reject | 70.6 715 0.9 0.691 No reject
2 and 4 792 739 -5.3 0.0004 Reject 70.6 69.6 -1 0.647 No reject
2 and 5 79.2 66.5 -12.7 | < 0.0001 Reject 70.6 66.6 -4 0.088 No reject
3 and 4 713 739 -34 0.0011 Reject 715 69.6 -1.9 0.281 No reject
3 and 5 713 66.5 -10.8 | < 0.0001 Reject 715 66.6 -49 0.013 Reject
4 and 5 739 66.5 -74 | < 0.0001 Reject 69.6 66.6 -3 0.077 No reject

1) leading position 2) lagging position 3) 2nd-1th
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<Fig. 5> Mean speeds between ‘before” and ‘after’
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HoR ekt
y = B, X Period+ (4 X Period X Time + [3; X Point (2)
<Table 5> Fixed effect of each factor of the best linear regression model
Variable Level Num DF Estimate Standard Error 95% Confidence Limit Pr>t
After 74.99 0.88 732 76.7 < 0.001
Period 1
Before 79.43 0.55 78.4 80.5 < 0.001
After*Day 445 0.88 27 62 < 0.001
. ) After*Night 0 - - - -
Period*Time 2
Before*Day 337 0.48 24 4.3 < 0.001
Before*Night 0 - - - -
<Table 6> Net decrement effect of the PVMS on speeds
. . . 1 Test Results
Time Estimate of Difference” (kmy/h) Standard Error p-value
Lower Upper
Day 34 0.53 <0.0001 2.3 -4.4
Night -4.4 0.87 <0.0001 2.7 -6.2
1) ‘after’-‘before’
3. Logistic 3|F2HS 0|2¢&t n5H|IE M= B4
<Fig. 6> Z} 33 ofztol] thsl) 2t A= AXx 3 HA 33t A& v &S BT gk 7319
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<Fig. 6> Percentage of vehicles more than 10km/h over speed limit between ‘oefore’ and ‘after’

54 DIRTSOR=2|

184,

TI32(2019H 6¥)



T2 SATZ SHEXE e HIk AR AT

Ay AR Zo] pVMS AX- &R ME &5 H& vE A a9E FAHCE AFgstr] 93]
ZA2~E JAART S ALt AE IJARDAAN HEg SHRFES F{tHoy, THHEFE &5
o o B= A23ct nRVIAZ Point’ S ‘random effect’ 2 I H3FATH 1 o] ZF SYPWAS

>
L

2
9} YA WS B(intersection) o] Ik TAX FoAA 3439 2y F3= ADr|Foz /M 22
QIC(Quasilikelihood Information Criterion) #t< 7FHA& #HF 2dS /dstdh 2EF EX 2 AR
213)7 2t

Logit (1) = B, + B, X Period+ 3, X Period < Time + 3, < Point (3)
o] 7] A,
M S

<Table 7> ZA 2 HRYE 0|83t PVMS Ao u}2 &u]E 2y /MTAHE BoFa Q)
FF mdo) oahH, Period’ 2] WI/NHSF Fhe] $4H](0dds ratio)= 1.312 X RTE AX 79 & n]
o] 131 Erhe 9fu|olth. ®3F Period’ ¢} ‘Time'IF w 2R w7 gho] 54kH] 0.448} 0.89¢9
gk ofm|= ofzkel] wlsl F3te] F&nlgo] MR Y] AeE 56%, AATE 11% W Zlojth
ol# g /e & 7HA I PVMS Pl e A&HH| & PAE &F FPHEE T3 ool
Jﬂﬂo}%{@ 1 A7 <Table 8>0l4 Ho{5=11 It} <Table 8>l &J&HH, # 3
& AR $ o] F g 1494, ofzhe] A= AX A HlE) A &1
Ol AXZT Y HE H o] AR vl FIEe] A4 49% 1E]aL ofzre] A% 76% AT
< ojr|gith

>iilﬂrl

<Table 7> Fixed effect of each factor of the best logistic regression model

Variable Level Estimate Standard Error 95% Confidence Limit Pr>|Z)
Intercept - -1.4750 0.1485 -1.7661 -1.1838 < 0.001
Before 0.5673 0.1773 0.2198 0.9147 0.0014
Period

After 0 0 0 0 -
Before*Day 0.3042 0.0614 0.1839 0.4245 < 0.001

Before*Night 0 0 0 0 -

Period*Time

After*Day 0.4706 0.1745 0.1286 0.8125 < 0.001

After*Night 0 0 0 0 -

<Table 8> Net effect of the PVYMS on speeding

Test  Results
Time Estimate of Differencel) Standard Error (km/h) p-value
Lower Upper
Day 1.49 0.2886 <0.0381 1.022 2.181
Night 1.76 0.3126 <0.0014 1.246 2.496

1) ‘after’-‘before’
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