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Abstract

This study identified factors affecting the crash severity at freeway work zones. A nice feature of this
study was to take into account the characteristics of work zone traffic management in analyzing traffic
safety concerns. In addition to crash records, vehicle detection systems (VDS) data and work zone
historical data were used for establishing a dataset to be used for statistical analyses based on an ordered
probit model. A total of six safety improvement strategies for freeway work zones, including traffic
merging method, guidance information provision, speed management, warning information systems,
traffic safety facility, and monitoring of effectiveness for countermeasures, were also proposed.

Keywords: crash severity, ordered probit model, traffic data, work zone, work zone historical
data
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& B3 (Weibull distribution) & =TI 7PYRcE 28] Bgo A= ¢, (2213} 9] SHE-RE2 7t BAto] 5o
5 -2 (Nomal distribution)2 w2ttty 714 4= Q) E}(Bonneson et al., 1993).
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= yeto] IAE yERdH Aot (Lee et al., 2005).
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$A9 LRyl DS oxe] BRE AFRER JPgsne LRSS AH8stel tEd 4 gl

Prob(y=2)=Prob(y <2)—-Prob(y <1)¢] A& &-&5}o] oA xHl B9 ghE AMHAE F sk thgit 2o

Aute} oF 4 Qltk, TRt SR RSTE AL AZ o] ml]= Gk A E UEtil= AR TE 7 o th(Lee et

al., 2005).
p
Prob(y=1)=a& (- Y] g2,
E=1
K K
PI‘Ob(yZZ):@ (,u2 — kZ [)’k_a:k) - (—kz ﬁkxk)
=1 =1
K K
Prob(y=3)=¢(/¢3 =Y B)— b (uy— Y, By
=y =1
. K
Prob(j=])=1-o(y,_,— 3 Bz,)
E=1
AR AYHS0] AEAHS 727 0 2 b7 "ol SHH S 5 U5 W%l 739 Pseudo elasticity &
ARgste] EHHTE AL Ao mAE G FeE YR 4 Qlth(Washington et al., 2010).
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Table 1. Crash characteristics by work type

K No. No. No. Average Fatalities/Crash/  Injuries/Crash/

work type Crash  Fatalities Injuries length Average Length  Average Length
Road Widening Work 89 15 42 26.52 0.01 0.02
Shoulder Work 26 5 9 28.86 0.01 0.01
Median Barrier Work 21 16 58 26.01 0.03 0.11
Resurfacing Road Work 11 7 7 31.07 0.02 0.02
Others 84 13 49 28.15 0.01 0.02

Table 2. Crash characteristics by advanced warning area

Advance Warning Area 1.5km Work Area
(136 Crashes) (95 Crashes)
Traffic Sign Installation in 1.5-1km lkm-700m  700-500m  500-300m  300m-Start -
Caution Section (Crashes) (14) 1 (30) (33) Taper
(38)
Crash Type Car—Car Car—Car Car—Car Car—Car Car—Car Car—Car
(Crashes) ) (14) 1) (€))) (26) (70)
Crash Cause Drowsiness ~ Drowsiness Incautiousness Drowsiness Incautiousness Incautiousness
(Crashes) 6) ©6) 19 19) 19) (54)
Average Speed (km/h) 87.0 717.0 79.7 78.5 76.7 79.9
(5 minute before Crash)
Average Volume (Veh/5min/ 55.6 53.0 73.3 524 67.3 62.9

Lane) (5 minute before Crash)

TEEE AT AT Awe] JFS F A0 L 8L DEAT AR, TF A2, FAY olAa
2 Eote] 5 19709 Y4 Aokt F4H5eh SYWAE Table 30 AAIsHct,
BEAT ARONAE E2 7SR, AR §9, AR U9, 22 29, BP0 5 EYWHE Bk

Tt A4 23109 AR F 24 A R 1107, 48 AR 1857, A FF A 220719] A7} retso]
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t3|2], H| 348 | 43, 2016\ 8Y 361
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AT wEbA] 7 Aol A= 22 291o] WAL Aol Fajt @<l F shol ARk 242 a9l AR E A4
oA A &fstdrt.

15 Az o A= VDS(Vehicle detection system : VDS) 2AFFA 712 & Foto] {5 9 w5
T2 A5t 7 M9 Bt D B4R Table 4, Table 59 AlAlot T, £ W w5oF Ha
o] AR SHRR2RE 7P AT 4719 VDS A7 Ao EEH £ 9t w eSS o] =
VDS 24 7] 2] 2700l A - E S 9 WEFT SRR VDS AFFE 7] 2] 2710 3E £ W wFe

Table 3. Description of variables

Variable Contents
Crash Severity Fatalities (3), Injuries (2), Property Damages (1)
Crash Occurrence Spot Continuous
Records Work Type Road Widening Work, Shoulder Work, Median Barrier Work, Resurfacing Road
Work, Others
Crash Type Car—Car, Car-Facility, Car—Person
Crash Cause Speeding, Unobtained Safe Distance, Incautiousness, Drowsiness, Vehicle Defects,

Driver Factors, Others
Day and Night Day(1)/Night(0)

Weather Sunny, Rain/Snow, Cloudy
Grade Flat, Downhill({3%), Downhill(>3%), Uphill(<3%), Uphill(=>3%)
Horizontal Straight, Left Curve(>1000m), Left Curve(=500m),
Alignment Left Curve(<500m), Right Curve(=1000m), Right Curve(=500m)
Right Curve(<500m)
Road Surface Dry, Wet, Others
Condition
Historical ~ Work Content Cleaning of Roads, Maintenance of Roads, Pavement Repair of Roads
Work Zone Capacity decrease  100%, 67%, 50%, 33%, 25%, 0%
Information
Work Zone Traffic Advance Warning Area, Transition Area, Work Area
Management Area
Location of Signs
Advance Advance Advance Advance Advance
Warnmg Area Warning Area Warning Area Warning Area Warning Area ‘
15km lkm  1km~700m  700m~500m  500m~300m ~ 300m~Starting
Taper
Total Number of  Continuous
Lane
Total Lane Type 2 Lane, 3 Lane, 4 Lane, 6 Lane
Crash Continuous
Handling Time
Traffic Speed Speed @  Speed @ Speed @ Speed @
Conditions -
Accident
Occurrence
Volume Volume @  Volume @ Volume @  Volume @
Accident
Occurrence
VDS Difference in  DS(Speed @-Speed @), DS(Speed @-Speed @), DS(Speed @—Speed @)
Speed
VDS Difference in  DV(Volume @-Volume @), DV(Volume @-Volume @), DV(Volume @-Volume @)
Volume

362 Journal of Korean Society of Transportation Vol.34 No.4 August 2016
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Table 4. Description statistics quantity of speed & volume variables
Speed Speed Speed Speed Volume Volume Volume Volume
® @ ® @ ® @ ©) @
Average 89.90 73.30 76.96 79.45 60.71 62.12 69.30 71.06
Variance 84.05 71.20 41.09 39.26 29.88 30.45 50.11 51.25
Standard Deviation 9.17 8.44 6.41 6.27 5.58 5.84 5.11 7.12

Table 5. Description statistics quantity of difference in speed & volume variables

Speed @ Speed @ Speed @ Volume @ Volume @ Volume @
Speed @ Speed ® Speed @ Volume @ Volume 3 Volume @
Average 10.60 2.34 -2.49 -1.42 -7.18 -1.77
Variance 44.46 37.21 25.09 1.33 17.24 4.48
Standard Deviation 6.67 6.10 5.01 1.15 4.15 2.12
ot oS Sof YRT HE 00 WAt AT AF ARFRYE 7K B 948 AX7114 248 A
52 SEolck 41 9 L Ajo] W AT 71 0L F1E 02 AHRTolA 7P 9 VDS A1) S 9
TEFS /1702 T2 49 S5 2 WEF] Aol AT Z S 2] D] WAl ARE S5 DA
HRE S5 Qo] 49| Ao] 3h& elnjgt
VDS AAAVIE Botel 44 & 0 BEF AR oA WA shot Wio] 1A AL St
oIk, T AAAR) % RFY AL WA YT, SE AR A5 o FHLUIE T A
22 Bysen
FAP ol @Azt BATT o)A U o], B4} 712 9 A, BAL 170, Ak A 24-0] AR So] ZeEe] ek
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7} 80]a1 §-2)4=F0] 0.05% wf <] 3t 2.73K o} 7] wj2e] AF7HE Y ST S5 FF= nAA] &
= AME 7121 mebA SR RS7E S5 S¢S T A0 R o AHrh B3 By AE S AF
Sh= # (Likelihood ratio) o] #h-2 0.23.02 FAFELE AL A ZE e B4 A 283 43 Z2H] Bgo] FHEIH A
WS 2= Ao = wdEn

FTEHR FAZE AL AT o] Gk = SHHSY Fo4d AT Al ARG o710.050]5k1 & &
Olsrial weste] M5 &SI

A Z2H BYE o] g5t & M| AgghS HgEo] AL AZtE nA= AAQ] ¥ A H
o3-S oujgtet, T3 $HA| &7} Pseudo elasticity & E5te] B H SHHASS0] AFL A2 Lo v Ao
20l AF A5 & 4 At(Lee et al., 2005). Pseudo elasticity= SHWH7 B2 H A A9 ARESHY, §HA
B S ST} A48 W2 A AL AF2sttHMaddala et al., 1983).
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Table 6. Ordered probit model result

Pseudo Elasticity/Marginal Effect

Coef. Std. Err. z P>zl -

Fatal Severer Minor

Median Barrier Work 1.26 0.27 4.65 0.00 1.26 -0.01 -0.28

Resurfacing Road Work 1.23 0.37 3.35 0.00 1.23 0.04 -0.76

Caution Section @ 1.05 0.34 3.05 0.00 1.05 0.10 -0.71

Car—Person 0.63 0.24 2.66 0.01 0.63 0.18 -0.52

Reducing 63% Capacity 1.03 0.59 1.75 0.04 1.03 -0.03 -0.36

Reducing 33% Capacity 0.60 0.26 2.33 0.02 0.60 -0.18 -0.65

Upstream Speed @ 0.04 0.01 2.50 0.01 0.008 0.005 -0.013

Downstream Speed ® 0.05 0.02 2.80 0.01 0.013 0.008 -0.021

Log Likelihood -163.98

Number of Observation 231

LR 2%(8) 29.30

Pseudo R* 0.23
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Figure 7. Example of PVMS+VSL in work zone
Source: Guidance for the use of portable changable message signs in work zone, FHWA (2013)
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Figure 8. Conceptual illustration of warning system using DSRC for workers and drivers safety in work zone
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Figure 9. Example of potable rumble strips
Source: Pappe R.(2014), speed reduction measures/TCD, traffic-roadway section

Figure 10. Example of DAS
Source: Savolainen, P. T, et al.(2009), evaluation of temporary removable rumble strips for speed reduction
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Table 7. Total result & countermeasure

Factors Affecting Crash Severity at Freeway Work Zones Improvement of a Freeway Work Zones Safety
Median Barrier Work, Resurfacing Road Work Traffic calming measure (Chicane, Joint Merge)

Caution Section @ PVMS, TPRS(Temporary Portable Rumble Strip)

Upstream Speed @, Downstream Speed ®, Speed-Limit Sign, Introduction of VSL through PVMS
Reducing 63% Capacity, Reducing 33% Capacity

Car—Person Warning Information Providing Devices through DSRC
Integration Factors Real Time Traffic Management System (PVMS, TPRS, CCTV)
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