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Abstract

This study aims to identify factors that affect the degree of injury severity sustained in traffic
crashes on work zone of Korean expressways. To this end, decision tree method was applied to
identify influential factors on injury severity and compare characteristics of those factors between
work zone and non-work zone. The results from the comparison show that the risk of severity
was low when traffic volume and heavy vehicle ratio are high because the factors lower the
overall section speed. On the other hand, when the traffic volume and the heavy vehicle ratio are
low, the section speed increased and the tendency for high injury severity was confirmed. These
findings are expected to help transportation planners and engineers understand which risk factors
contribute more to severe injury in the work zones such that they can effectively prepare and
implement safety countermeasures.
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F NE LR O] L o to] whet 2 9] By SRt ofu et ZHE A2 {2 B S 22 FAPE A%
2o g ZIlsPHA T2 o] 8212 95t ZAFEZE ok Ta] o] ZQAo] o AT gt IEE 2 o] ZARL 9
B 225 A fotAY Aigste] K 8gokA| B, o] wf AfeFe] =74, A=A Foll wE 2kge] AFe] 7Tt
o], §5] WhE 52 ook V&L 2 oA A2 7F FAak] = Ao A AL QP ofu2f 2F¢i o] oF
A7 = A ek, wEARe] T 7| E A EL T2 AR T Qs thket 815 Wello] Z2te]
QRIEo] wEAtAL] oH FFE nlA| =] AT T2t WAL S T2 shto] 9910 = Qs WA=
Zlo] ofUet ofg] 74x] @cle] Bt og z-gste] WAstng, of2|gt WAIE HdshA Hsl= Ze] Zast
th(Lee J. Y. et al., 2008)

Sfejol = AEER FAFRS AL 1Y 1908 B FARER] WwEARLS] AE flof AlLe] £4 2
Y @ ol Rt A7} ol Maix]o] ek, shAIRE S o] WAL ¥ AFE F2 1&E R AR
Apare]| gt AL7F FE o] AL QL FAREIR] i ARaLe] gt A= obA] WGk A olet, whebA FAETE
O AbAL A ZFE of) et F 2 R1ES Ttk A2 FARFH A WA S ALLEASS olslishar, AFarzh g

FFE T T8 AAS AATO RN ALE bzt B8 & 5 Ut olof & Aolli= TEEE WEAL

T RS U0 2 AR A7t B S efsto] A ko] Pk T FRIES Ty, HA| 1&E R Ao
A LRHEZR} FARE RS vl ske] AT A ZEE OFO] BAIE g ot at gk

r°" —IN

2 27 A2 D4E DUERE NINMALS 58 BT, 3T U2 BIEIA e 1l
o AASIIT, AFERTA TEER AT AR} FEDER LEF
oA AgoHe B AR S 85 AADT, £33 2 v g 42 S Maﬁu}.

Objectives & Method

Literature Review

Data Collection Length, Bus & Truck Proportion

CART Analysis H Correlation Analysis

Non-Work Zone Work Zone

Modeling & Comparison

Conclusion & Future Research

Figure 1. Study flow
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1. At HZteof et A

Ha et al.(2005)2 WAF2 A EAYSh= WFANILE] HAES FA5] floll S8 S=0] 7771 Aol A o
At wF AL tel] oMY 2B Y o 8ot AL AL ES A RER WEH, FEE T
A v, = FER 2 vl Sol Fonlet 8Qle R EEE S

Lee]. Y et al.(2008)2 72784 L5 o]-8oto] AEER AL A S FASHAT: AL A2 e] 9=

UAE 8U5E A ER 891 8R4 81, 9 a9l o= 25, F 2,8807]9] AtalH|elH 2 ol
st FxEA Bes FSstdlet, T2 S 2 8902 F
= 7HE AL R YERT

Mun et al.(2011)-2 200537 2008 @7H2] =] M IEE2E o= o|g) 2R AE RS A-gsto] Afal
AR A= 890 AFTARL By} A efettAba e o 2 A Este] EAfskglh 1 Ay Ak
9, LA H 5o Bt AR GF= 7R Fa01e R 24 H
Park et al.(2012)-2 2008 T& =20 A 9HASH ALaro] tisf] oA T2l MY 23], 23] Rge
Boto] KR A AZE FFaQlS 28T 2442he] AR 7]Eo] He Mgt vashols o A
HAAES ST Ao 2e o R (P-4 64)), Ew24, S9A A, Arthath ARAL, ApeiAb AR,
ARFHSARAL 2o o)/ el Aol wH AR, A ek Atalelw, S HaTlE aQleRE o4

]

A 64174 2), I, EAOIE, A=A, Aolledt dofet =2ehy, B] Be = 522 upebE i,

gl

d
o

=
o
T

2. BAIRZH AT AZHEO B o7

Park ct al.(2008)}& T4E2 7 TS TIALO2 2003WE] 2005W7HA] 39 Beke] WEEA} o] 2ol B
A AR TEATE ZARSER R Felsto] Qa7 BATS vl R4S . 1 2k o
FZPEE FAFANA FEARTIL B WMok Byt AT A A AZHES) B8 e A0 Le,
Hong et al.(2011)-2 2006 @& 2007 7}2] A& 2 77| 2] 9] FAEL oA TS W AT E iAo =2
A 2l 29 Agalo] 4 Y2 198 DY 2 ok, A A

=4
o TtolR, BAPE 1EQ o3 So| BATZ WEAD AAEE st Faclor BAsr,

Yoon et al.016)& A7 LETIEAS Wrastel AT H7E Gl £49 Z2yl ngow B4
Shick 24 2k, FRoIar, ERARA, Fobo] AR T A HEE FARL HEOR 15~ 1km T, 2
AV, B 6190, §%F 330704, AT A ARHEEE A QAT AA7INA SAR AL SEA S, A
T A SRR TP QES AA7e 24 AT SEA S5 ol Fa garagloR EEur

Li et al(2008)2 WA 5 T4 2 FATZ A MR AL3L0] S48 B st 1 23 FEA o)A A
SALE] H]-go] 7P 9ton], 2EATAA FAPALE] H]-go] 7 otek. el FAe ul-ge] obo] uf
e AP AL Y] Hlgo] oAl 2 Belsteirt
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3. oJAFE LR (Decision Tree)S E83H A3t

Park et al.(2011)2 &2 W53 TH] ‘AbT 2R T /ALY S ZH25}H0] 1998 E] 2007d7H4] AAA G o]
=25 1,044709] A-ARE FEoto] WEALE Ao GFS v|A= WA Bl CART +41-2 4345}
EP LA A 0] A wAFR 0] FHI(3A] watE, 47] watg)e] whet A& R ATt o2 A Ve, 3
A1 ] B9 AT WAt /H|A1 S wApR o] whe} A4 H*d A7 EA Yehbe Ao s EA6H

Han et al.(2014)& CART 47/ 0 & A-&A|9] =2 W-FAL A= F o]g-oto] sk=Abaat Aot vlsk=Ats
2} ARALE W wEkgiek BA AT SFEARE AL ARl B Bl ERE Al AFBALLL s Ao EotlE ST

Ha et al.(2010)2 A5 155 2 (FA-F4H 9] 2003958 2007d7HA] HA8R 335} o2tz £ o]8-5t

A5 H(A, B, Coaoll et 15k & SIS AAIRE A E52 Y& et 1E e 2 LF w2t W

Y Al A56] H8S 5 = AR AU (Decision Tree) & 55T

Lee J. M. et al.(2008) A=9] 4212 F&& o2 WaAls U 28 el ¥ 2AmE F3oto]
CART#AS o] 8]t WA SRS /sl 7|&0] WaAtloS Byt CART 242 S B wskqlt
WEAEYE] F FFS A= Ex2ISHE 810 R AR (km), FHEE Z(m), B o7 (m), o
T =02 ey

ot

<
pil
1}

—_

4, O|AtAMLIR (Decision Tree)?| 7|2 0|2

OAPAAUF (Decision Tree) = dloEute]d £4 9] thixAl 7|HF stz Foi7l dlo|g& 54 7|&of ot
B2 (Classification)sFAH dlZ(Prediction)oh= EARHo ok QAMAAUREA L2 YRALZXE 0|21 Qo]
A7 BT S A olsliotal, AT 4= 9lom APEAA S st AFH o2 AR 4= Ql= A o) St

(Park et al., 2011)

o] P& R 7IET AR, 7HA A7)0l A A2 T 7]l 1AL o] 50| o B A Agtet-tfo] w
2t A2 o2 g0 2 g A ¢ag]E e 2= CHAID, QUEST, CART 5°| 9=t CHAID €11
&2 R oA E Y A9 FtolAlE HA-FAT = AFSSHL, RRHST ALY A F-A8S 01%
o] o}z 8] (Multiway Split S 4-3sH= g ej&oltt. QUEST ¢ g&e B2
g oH FrolAlE HAA-FAFS ol8sto] ASHL] Skof wet A= thE
(Binary Split)E ob= gate]&olt

K
%3171%

B Ao A8 CART F12l5S 15 (Group) ) S840] vl 152 Wisly] 9jo) Bowd4
(Impurity Function)& AH85to] o] 2 £e] 2 ghrt, BHMS7} o FAY A9 U X5(Gini Index) T-& £ A5
(Towing Index) & #2]7|1% 02 AHgatT BRAS7F A5 79 Hel7]E 02 Bato] ghaske Agai £
AT E SA40] & WMAE 18 & o 4 REAoR Ages AUASE Bgelgo, AEAe
Equation 13} 2t}

G= Y PG) (1 - PG)) = 1= 3 PG = 1= 3 n /) 0

HFol HRE gEolH, 12wt o] ZE o] Sl WEA Y] 4, =
= LrebdCE (Lee J. M et al., 2008)
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Az 3 L git E4 A
1. 22 £3 4 A2 &4 24

2 AFolME RERTAIA AlEshs A&ER AR AaF olgste] wAS Zdsteirt. 201197
201597k2] 58 59F &2 A e AoflA] HARE AT 4 40,684710] 1] o] - AW Etol A WA ALY 4=
39,9797, AR O A AR ARAL = 73573 ook, FAREZES] ARAL ke a= AR v WSk A ]5]
20 S, AbAL A ZE o] whE AbaL EAJS v wEhE W Zfo] 7k ek AR A] AP AR AR S l

Table 1. Crash frequency and proportion by crash severity

Section Crash Severity Frequency Proportion(%)

Non-work zone Fatal 1,032 2.6
Severe Injury 996 2.5
Light Injury 2,763 6.9
Property Damage Only 35,158 88.0
Total 39,949 100

Work zone Fatal 59 8.0
Severe Injury 33 4.5
Light Injury 74 10.1
Property Damage Only 569 77.4
Total 735 100
100.00%

m Work Zone 88.0%

80.00% £ Non-Work Zone 77.41%

60.00%

40.00%

20.00%

8.03% ! 10.07% 6.9%
2.6% 4.49% 5 59,
0.00% A . A
Fatality Severe injury Light Injury Property Damage

Only

Figure 2. Crash configuration by severity

R, T 2ol AT AR A9 1) U e 9ol det A-DSFOR BRehed 171%e
Table 29} 2THE WA DEFE AS). AMEEE ATHF-E 42 E Table 33 o] FATFA] 3¢ &
T

OISt Est3]2|, A 343 A 62, 2016 12 539
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Table 2. Classification criteria

Type Level A Level B Level C
Casualty Fatalities 3 & more Fatalities 1 & more Injuries 1 & more
Casualties 10 & more Injuries 5 & more
Injuries 20 & more
# of vehicles 10 & more 10 & more 3 & more
involved (Fatal Crash) (Injured Crash)

Table 3. Crash frequency and proportion by crash class

Section Crash Class Frequency Proportion(%)
Non-work zone  Class A 22 0.06
Class B 1,095 2.74
Class C 9,135 22.87
Class D 29,697 74.34
Total 39,949 100
Work zone Class A 3 0.41
Class B 62 8.44
Class C 183 24.90
Class D 487 66.26
Total 735 100

80.00%

B Work Zone
L Non-Work Zone

60.00%
40.00%

20.00% ?
8.44% /
2.74% /

0.41% 069 7
AClass B Class CClass

0.00%

Figure 3. Crash configuration by class

55|, BsaAtLe] 79 b7t vl W sl oF 28 o)) = o™, ATEARLS] 7% oF 6H o] =2 A o & e
LF AR A A AREEE Bl el o AR AR A 4= Q8-S oA o B SIS 4 qlok

AEA 02 FAFRE GuttTtol Hlo) AP, F/dALALS] H]F0] ot AL A2 =Tkl & 4= Lo, AL
SHERELE O 52 559 AL A BlFo] o g A gl tigt fA4o] BRagHE o 4 Qo

2, H 43

2 AT FHAL FAREL A AR ARALE AFPARLL, AR, AL E SRSl ZF Abalef| ek 7
A= F881& AAPURE Fofl B4 6k Zolth o] & 9ol IEE= AL A oA ARl Ao Y-S v
710 2 WHE= Q052 Table 49 Zro] EH2 A2|5lct
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Table 4. Variables

Article

Statistics

Variables Possible values
Non-work zone Work zone
Crash severity 1:Fatal 1,032(34.1%) 59(35.5%)
2:Severe injury 996(32.9%) 33(19.9%)
3:Light injury 1,000(33.0%) 74(44.6%)
Location 1:TG(TCS) 33(1.1%) 0(0.0%)
2:TG(Hipass) 15(0.5%) 0(0.0%)
3:Ramp 179(5.9%) 1(0.6%)
4:Mainline 2,651(87.5%) 155(93.4%)
5:Tunnel 100(3.3%) 10(6.0%)
6:Service area 50(1.7%) 0(0.0%)
Causal factor 1:Driver 2,727(90.1%) 5(3.0%)
2:Vehicle 142(4.7%) 156(94.0%)
3:Others 159(5.3%) 5(3.0%)
Day of the week 1:Weekday 2,082(68.8%) 146(88.0%)
2:Weekend 946(31.2%) 20(12.0%)
Weather 1:Sunny 1,974(65.2%) 125(75.3%)
2:Cloudy 517(17.1%) 27(16.3%)
3:Rainy 471(15.6%) 14(8.4%)
4:Snowy 66(2.2%) 0(0.0%)
Day & night 1:Day 1,599(52.8%) 118(71.1%)
2:Night 1,429(47.2%) 48(28.9%)
Horizontal alignment  1:Straight 2,191(72.4%) 120(72.3%)
2:Right curve 413(13.6%) 21(12.7%)
3:Left curve 424(14.0%) 25(15.1%)
Vertical grade 1:Flat 1,625(53.7%) 92(55.4%)
2:Uphill 679(22.4%) 31(18.7%)
3:Downhill 724(23.9%) 43(25.9%)
Cut & fill 1:None 1,547(51.1%) 81(48.8%)
2:Fill 1,034(34.1%) 65(39.2%)
3:Cut 447(14.8%) 20(12.0%)
Median barrier 1:Yes 2,655(87.7%) 153(92.2%)
2:No 373(12.3%) 13(7.8%)
Roadside barrier 1:Yes 2,373(78.4%) 127(76.5%)
2:No 655(21.6%) 39(23.5%)
At fault 1:Car 1,891(62.5%) 73(44.0%)
2:Truck 1,123(37.1%) 92(55.4%)
3:Others 14(0.5%) 1(0.5%)
AADT 1,191-249,256(veh.)avg.:68,026(veh.) 7,474-243,868(veh.)avg.:63,952(veh.)

Bus Proportion

Truck Proportion

0.3-11.4(%) avg.:4.10(%)

8.3-58.8(%)
avg.:29.10(%)

0.7-8.5(%) avg.:3.76(%)

11.2-60.4(%)
avg.:30.74(%)
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1. 29 75

B Ao SPFARURS ol§a] AL A2E YT TATIEOR FE B FE5AT, BA
A3HE A2 HLste] FATLEY AL A2 Ee] G 7K Fa91E oA} stk BY 75 A B4t
W7k Tefsh g A% Buatne] WEst U ot BulARE 2194 dSgle] U 4 glone Fhmsn
= APAR, AR, AL 3744 2 st olel nfet B Ak A|9fek 3,02874] QuHZRO] Abieh
166719 AL ALAR R S H Sk, SRR F5-2 915 CARTEALS SPSSE 58] Saohon] i
£ Bel AUAL(Gini Index) S o185 0|7 22l S Asisct

AR YRS FEG AT, PP} FAFT BE 23700 EQ} 1219] Ejujd ke Spe] AEo R |
AE|oich, R0 o2l o 2 AmE 4 9l A S (recall Table 59} 2}, BARI] AL 633%2 2
02 AT AZhEe] ke AT 6l A] Q3R 7H40] 36,7971 B ejulgicy, vk} v m e o) AykE o
2 o 2o 11 Hl] WAt 7] glot Bk o Hole B 4 glck.

Table 5. Comparison of predictive power

Recall
Crash
Non-work zone Work zone
Fatal 41.4% 64.4%
Severe Injury 59.3% 57.6%
Light Injury 32.2% 64.9%
Total 44.3% 63.3%

Aty o g o E2o] 2] gk A/ 2= WEAS] B4 4 Ao 7] wol 54 [l FakstA &
A== AR B ARSE H S o] 2]ef| Afalef] JRkS = 815l XS] W] AR matEch W AR
o FL % % G RE Q5S Hgol 28 A dlone, B ATolA: w2, 947 add] 23el]

ASHe CART 24 44 Al 5 571 grom malgos Bes7) of
Sl H==
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2. LEkZEar SAMIZE HlnEA

AR} FAERY QA 5 BiE 27 Figure 49} Figure 52 WeHISITh 57 7% 2
o] F ol A] o] o] LFERATE Table 63F Zo] Art3toflA 7P a3t S M HAH& 2 e,
2H 80 FRIEE 1.3%R Tha W2 WolA W SR 75 A 7P 2 932 vl Wil A tgo =
AADT, BAEFE, ESHE, TP 02 YERTE 2ARRIA 7HY Sact S3iias ESjHE
BAEFE, AADT, @X, Tl 02 vreht ai3hal tha 2pel7t 9let. 53] EF Hlg2 SARH]A
A= AFGALAL, S, AL FEsks 8 890 UYEhdonR & 2 g} A E2 vlgo] ot
B AR A B8-S mhRART R Al A O] AL AZAEE W E] o] 8 Zlojeh g,

Accident Severity

; Node 0 i
1| __Category % n :
it ] i| ™ Fatality 34.1 1032 |
| ™ Fatality . 1 | ™ Severe Injury  32.9 996 |
| = Severe irjury ‘ i| —_Light Injury 33.0 1000 |:
1 H i
| bhtImjury ™ Total 100.0 3028 [
e =
Cut & Fill
Improvement=0.008
Fill; Cut Flat
Node 1 Node 2
Category %, n Category %, n
™ Fatality 31.8 473 ™ Fatality 36.1 559
M Severe Injury  40.1 594 W Severe Injury  26.0 402
Light Injury 28.0 414 Light Injury 37.9 586
Total 48.9 1481 Total 51.1 1547
! = I =
Truck % Bus %
Improvement=0.003 Improvement=0.005
! . !
<=23.95 >23.95 <= 1.05 > 7‘.05
Node 3 Node 4 Node 5 Node 6
Category % n Category % n Category % n Category % n
B Fatality 327 121 ¥ Fatality 31.7 352 ¥ Fatality 38.2 530 B Fatality 18.1 29
W Severe Injury  29.7 110 W Severe Injury  43.6 484 M Severe Injury  23.5 326 | |M Severe Injury 47.5 76
Light Injury 37.6 139 Light Injury 24.8 275 Light Injury 38.3 531 Light Injury 344 55
Total 12.2 370 Total 36.7 1111 Total 45.8 1387 Total 53 160
| = | 2
Truck % AADT
Improveme|m=04002 Improveme|m=0.004
<=43.05 >43.05 <= 26661.5 > 26761 5
Node 7 Node 8 Node 9 Node 10
Category % n Category % n Category % n Category % n
B Fatality 318 227 |® Fatality 301 250 |m Fatality 267 87 H Fatality 418 443
W Severe Injury 422 434 | |M SevereInjury 60.2 50| |M Severelnury 238 78 B Severe Injury 234 248
Light Iniury 26.0 267 Light Injury 96 8 Light Injury 49.4 161 Light Injury 349 370
Total 33.9 1028 Total 27 83 Total 10.8 326 Total 35.0 1061
| = | = T =
AADT Bus % Day & Night
Improvement=0 002 Improvement=0.003 Improvement=0.003
I i I I
<= 108601.5 > 108601.5 <=485 >4.85 Night Day
! ! ! !
Node 11 Node 12 Node 13 Node 14 Node 15 Node 16
Category % n Category % n Category % n Category % n Category % n Category % n
B Fatality 321 205 ¥ Fatality 294 32  Fatality 259 66 B Fatality 296 21 ¥ Fatality 495 246 B Fatality 349 197
B Severe Iniury 404 371 B Severe Injury  57.8 63 W Severe Injury 184 47 B Severe Injury 437 21 W Severe Injury 20,7 103 B Severe 25.7 145
Light Injury . Light Injury 12.8 14 56.7 142 Light Injury 268 19 Light Injury 298 148 39.4 222
Total 36 100 84 2685 Total 23 7 Total 16.4 497 Total 18.6 564
= | =
Bus %
Improvement=0.001 Improvement=0.001
|
<=3.45 ~<=5.65 >5.65
Category % n Calegory % n Caleguw % n Category % n Category % n Calegory %
= Fatality 37.8 175 = Fataiity 28.4 120 = Fataiity 33.3 40 = Fataiity 9.3 28 = Faiaiity = Fataiity 8.0  i8
W Severe Injury  39.1 182 | |M Severe Injury 416 189| |m Severe Injury 217 26| |® Severelnury 156 21 B Severe Injury W Severe Injury  32.1
2 318 145 i 450 54 4 3] !
Total 15.4 465 Total 15.0 454 4.0 120 Total 15.9 480 Total 28 84

Figure 4. Decision tree - non-work zone
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Accident Severity
: Category % nft
Pttt Fatalty 355 5o
| Fatality | W Severe Inury  19.9 33!
| ™ Severe Injury | ¥ Light Injury 48 74
I ® Light Injury ! . ey |
| =
Truck %
Improvement=0.028
r .
I \
<= 31 850 > 31.850
Nede 1 Nede 2
Category % n Category % n
Fatality 46.7 43 Fatality 216 16
W Severe Injury 185 17 B Severe Injury  21.6 16
¥ Light Injury 348 32 B Light Injury 56.8 42
[ = [
Cut & Fill Truck %
Improvement=0.017 Improvement=0.016
T [ 1
| | | |
Fill Cut; Flat <= 44.300 > 44.300
| [ [ |
Node 3 Node 4 Node 5 Node 6
Category % n Category % n Category % n Category % n
Fataiity 97 i Fataiity 582 32 Fataiity 88 13 Fataiity 600 3
W Severe Injury  29.7 11 W Severe Injury  10.9 6 W Severe Injury  20.3 14| |M Severe Inury 400 2
B Light Injury 405 15 ¥ Light Injury 309 17 ¥ Light Injury 609 42 ¥ Light Injury 00 0
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Figure 5. Decision tree - work zone
Table 6. Significance of explanatory variables
) Non-work zone Work zone
Ranking . o . L
Explanatory variables Significance Explanatory variables Significance

Bus proportion
AADT

Cut & fill

Truck proportion
Day & night

Roadside barrier

~N O B W N

Location

0.013
0.008
0.008
0.008
0.005
0.003
0.002

0.095
0.042
0.034
0.032
0.024
0.019
0.018

Truck proportion
Cut & fill
AADT

Weather

Vertical grade
Bus proportion

Causal factor
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Figure 6. Significance of explanatory variables: (a) non-work zone, (b) work zone
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Table 7. Influential factors on crash severity and their criteria

Section Crash Node number Criteria

Non-work zone Fatal Flat
Bus% = 7%
AADT > 26,661(veh.)
night
Severe Injury Cut or fill
43% < Truck%
Light Injury Flat
20 AADT £ 26,661(veh.)
34% < Bus% = 4.8%
Work zone Fatal Cut or flat
15 22.2% < Bus% = 31.8%
AADT = 30,044(veh.)
Severe Injury Fill
14 Bus% = 29.6%
Heavy vehicle
Light Injury 31.8% < Truck% = 44.3%
18 Bus% = 3.4%
37,928(veh.) < AADT
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