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ABSTRACT

In this study, the number of truck traffic accidents was predicted by using Poisson and negative
binomial regression analysis to understand what factors affect accidents using expressway data.
Significant variables in the truck traffic accident prediction model were continuous driving time, link
length, truck traffic volume. number of bridges and number of drowsy shelters. The calculated LOSS
rating was expressed on the national expressway network to diagnose the risk of truck accidents. This
is expected to be used as basic data for policy establishment to reduce truck accidents on
expressways.

Key words : Truck traffic accident, Prediction model, Negative binomial regression model, Poisson
regression model, Level of service of safety
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2 AelA 2@l AHE Wt 7| 2FAY 24 Ade UF <Table 1>3 2t

e

<Table 1> Variables used in the model

vt 15 s ot 2 o o .t o | 200 | t|  t
accidents (k) (h;(;el))( lanes (k) bridges | tunnels |shelters arcas | volume | volume | volume | volume
Min. 0 14.72 0.00 2 0.11 0 0 0 0 1,124 94 139 0
Median 5 97.71 2.00 2 6.22 2 0 0 0 21,274 | 5,783 4,247 1,056
Mean 5.77 94.61 2.99 246 | 7.51 | 337 | 060 | 007 | 011 |32,008| 7,702 | 6,255 1,406
Max. 28 112.11 | 39.40 6 26.61 26 12 2 1 138,978| 31,579 | 25,367 5,929
2) A= 2N
THE W o] AE BAAE s f8 AR FREATh B AFoA AR dRAgTE
1o} A G(Pearson correlation coefficient)©|Tr. A G7F 00]2FH MG Abolol] A¥A BAL gloke
AL Au|siy o] e 02 FTACR - 19A +19] WAE ZH=Thlee, 2016).
FoE A A FEUFR A wEAAL et 7P 12 ARRAE Bl Wae sEa AT
PN A G0, FAR, T 2F F, SFEAF wFE £O2 YEG, ZF # 1He] AHRE £ o
& A= <Fig. 1>3 2} FHdAVE 255 49 A7 23 Aol Xstal ARAgT G sk,

o} gt
£ 2,23 3
2 8 £ 58 :
" Z
L2 v & @ 2 5 5 3
582 g 2 £33 82 & <
225 8c 92355 &y ¥ g
5 @ g 2 £ T £ B £ ¥ ® & +
8§89 8P 535388882 CHR
5 8 3 5 3 % 56 % 5 %ow % & F o
s 2% ot ¢ o 6 6 5 2 B 2 © ? &
ziZ4{ z3 zzzz P EEE . Average speed 0.07 & eo“n
007 o
K samcionks seeel: Fatigue Surrogate Index 0,35-0.06 Qfo‘\qo \,y“%
Average.speed N
No_of lanes 0.18-0.360.28 éo-(" &
Fatigue Surrogate Index 0.6 Link h < g?t’
inklength 0.260.39 0.2 -0.32 & S
No_of lanes ‘ . . . & o
04 No.ofbridges 0.260.160.17-0.080.38 o~ &
o &
Link length & o &
No_of funnels 0.1 0.120.07-0.160.420.34 o~ & &
No_of bridges 02 o & & @
No_of shelters 0.110.03 0.07 0.010.05 0.04-0.04 %c'- & \SS
No..of tunnels 0 & .0 @
No_of service.areas 0.090.020.250.020.120.07 0 0.05 *7 ,b\@ & <&
No..of shelters S 5 N
2 © £
0.2 Totaltraffic volume 0.18 0.25) .45-0.140.18-0.02-0.03 S~ érf,{\ -

Truck fraffic volume

S
s Truck tiafficvolume 0.24:0.540.32 41810.41 -0.1 -0.18.0.01.0.0 &5
04 ruck traffic.volume 0. E -0.1-0.18-0.01-0. <& 2
Total.traffic.volume . . . q;-qo
Total peak hour.volume 0.16; 0.21 .47-0.15-0.18-0.02-0.0: <"
. Truck peak hour.volume 0.24; 0.29) .42 -0.1 -0.18-0.01-0.0:
Total peak hour.volume

’.. 4 08 06 04 02 0 02 04 06 08 1

<Fig. 1> Results of correlation analysis

Truck peak hour volume
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Sod Wk Adg ZdFo] Yo )9 MAE B AudAe Axeh ke wote 4= QI th(Kim,
2017).

IARY A SHUTE Y] E2 AARARE 3l sHHT tig AR o] HA e EAF B s
o o] & tFFAdgolzta gt SHHS ko gsddAde] EAIEHHE o8 71A] ZA7F A 7 2
TARL 3| AAT Bkl At Aola, 3AA T Tito] AAW a7F AAL dSE9] Fg=r}
dojxith. kA A= A AT A
tizkol 0.8 o]/d<l 79l 3]
A7} =oka A 3cHGunst and Mason, 1980).

= B 93 stdhe] A wEd, sEA awd, AFARE AA

fr r{.i
i

<Fig. 1>

o FRUAL A9l 10 FhE AEE ABAFI 2 dEgE & 9 T 9ea ]
F AU 06 o1FoE AYAAL, o)) et A2 F, AALFY, FTFA AA LY, AT 348
A sEge tEFAAel oAH,

My 2

3) CI&&
ZEA O 2 ABA T A Yed tEIaeE
3 4+ Q Ql(variance inflation factor, VIF)< ©]-&3}4]

VIFgko] 10 oJstold Sw s bl bga3Ad EA7F {17] wEol s AASHA &L AR S 53
& 4 9tk 127019 SYWMS F VIFFEe] 10 oo g 4Ed AR ¢, AAnEE, FFAL 1A ne,
AFAR 324t ngde AAHANY. HFH R vs34d48 A4S 33 23, <Table 2>9} 2o] 8719
SHUT VIFgEe] 25 1020 2 vety gasddel A7} flee Slstdlon, sydws 3t 4
BAAZE Srob WTAL A ASEY 75 A FAH 9P| 2ol Zoz AT
<Table 2> Multi-collinearity analysis of independent variables
Independent | Average Fatigue Link No. of No. of No. of No. of Truck

. Surrogate . . traffic

variables speed length bridges tunnels shelters | service areas
Index volume
VIF 1516 1.402 1.769 1242 1.295 1.012 1.086 1.883

e 98 Eolg 3ARY 4+ Oolao Sl ARY S o] &3ttt HA9 Bys &3] 25
1 A3= <Table 3>3 2t}

<Table 3> Poisson and Negative binomial regression analysis result

) Poisson regression model Negative binomial regression model
Independent variables
Estimate Std.Error P-value Estimate Std.Error P-value
Constant -0.234000 0.138700 0.091700 -0.274400 0.250100 0.272600
Average speed -0.001651 0.001342 0.218300 -0.002180 0.002430 0.369770
Fatigue Surrogate Index | 0.027710 0.004002 < 0.000000" 0.028250 0.008677 0.001130™
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TEEZ slEAF WEAID 45 52y 2 oMEF et o
Poisson regression model Negative binomial regression model
Independent variables
Estimate Std.Error P-value Estimate Std.Error P-value
Link length 0.000055 0.000003 < 0.000000"" 0.000059 0.000064 < 0.000000""
No. of bridges 0.023330 0.003052 < 0.000000"" 0.028110 0.006185 0.000006""
No. of tunnels -0.012450 0.009167 0.174500 -0.005543 0.018040 0.758670
No. of shelters 0.222200 0.045530 0.000001"" 0.213400 0.091210 0.019290"
No. of service areas 0.029410 0.041860 0.482300 0.023530 0.079730 0.767930
Truck traffic volume 0.000476 0.000003 < 0.00000™" 0.000052 0.000006 < 0.00000™"
AIC 5730.4 4892.0

note: "The coefficient of correlation is significant in 0.05 (both side).
“The coefficient of correlation is significant in 0.01 (both side).
““The coefficient of correlation is significant in 0.001 (both side).

ol ARG Folg IFARY FolA ol AL AT A} dhe AL HEAke] of Fo] &

otk FEA g B Prle 5n AA EA #(likelihood ratio, LR)S ©]-&3te] A atth w3 23 o] g
T2 81 Brkslr] 98] AICE o] £33t AICE R A B8 AA7|ZS AANsHE BAZ Y, 5Y
Wl SHUTE AAG S|ARYPAA o A7 5
|

o nyolgte AL 9uFti(Lee, 2016).
T2 AAE AAT AT LRFEO] 840.39(p<.001) 0.2 F-2)81A e} EloJE7} FHEo R A o

A RP R ol Aol AR AoE yepyth BF 9| nla HrholA = AICHe] =]
FolA YA Yehd 2obd IARFEGE SolF FARFC] ¥ Ade &+ A

o3 ARG 24 AHE AR 23} AEFIAMA S, 72, 23 wEF, 74U
F 7, T M7t FARCE g W] AIHUG M Rog foBE THHE 4
sEd, HE AYE WMeed B agAal BN e #AE UEt

shEat AEFAALLE 23R FYANZ] SoldF HRERe Fletal FAFd Yol daste] Al
FARAL B fe] wobA7] wWiel] AEE] fewt #AVE ol AR wdsisinh 1A s=EAt
WEFE ALTE WEAITE Bl WAshs Ao R et =9 7 il wF At S71E TS 0
ARLZE oA = AR yEhRT wEdM s 5 Aol BE AFEel EASH Hol et alE R
7h AL o] 2 Qg =AMLY HW] Fobd 4 AthBack et al, 2017). = wF A} 2 AL
o L sHoly A& QAskE kol Wol sl Aol BT FEo] O EE(Sin et al, 2011)

BF ME7h SHESE AR el wobd 4 doka AFRHETE 7 Ul E2HE Y AeE S
2 wEAAL WAJo] o= A 0 2 UERGTE Han et al.2020)S SSHE Ax| 270 283 72
Aolg FHIIA FUAY FAWA o] 22 Pt AXH EeHEY EAFS AV v itk 2 AT
ME S54E I1EYORE st AR o] FoAH AT Eold 4 itkal ddstnh ol
FT S5HE AV B AAFHAY T A FFell et SdEHE nEALY TS T
A At 9 5 Qg ZoE Agdh
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DEE2 2R DEAD 75 o528 Y HNMEF st oA
5. SlEXI WEAILD CHNSE TR Jfaet
Ao} o] Sol& AR A, 3ER AEFHANNASF, A, FER s H, T nF 5 =
SHE Ag7t A aEA A Ao Fo3F dFS F= Ao Yeith 71E oY Ao He F
HEss, T HE F FAL e f9Adol WA Uelg S22 doA Atk 71E A8 A
WG5S 25 233 So)3) AR HARFModel 1)F BAA foAo] SR thAl 7l MEy =
3t 22423 (Model [1)S RFlwdt AFE <Table 4>9F 7t}

<Table 4> Negative binomial regression analysis result of the final

Negative binomial regression model (Model I ) Negative binomial regression model (Model IT)
Independent variables
Estimate Std.Error P-value Estimate Std.Error P-value
Constant -0.274400 0.250100 0.272600 -0.486200 0.071990 < 0.000000™
Average speed -0.002180 0.002430 0.369770 - - -
Fatigue Surrogate Index | 0.028250 0.008677 0.001130™ 0.028250 0.008367 0.000733"
Link length 0.000059 0.000006 < 0.000000"" 0.000058 0.000006 < 0.000000""

No. of bridges 0.028110 0.006185 0.000006"" 0.027510 0.006023 0.000005""

No. of tunnels -0.005543 0.018040 0.758670 - - -

No. of shelters 0.213400 0.091210 0.019290° 0.217100 0.090920 0.016933"
No. of service areas 0.023500 0.079730 0.767930 - - -
Truck traffic volume 0.000052 0.000006 < 0.000000™" 0.000054 0.000005 < 0.000000™"

AIC 4892.0 4887.0

note: "The coefficient of correlation is significant in 0.05 (both side).
“The coefficient of correlation is significant in 0.01 (both side).
““The coefficient of correlation is significant in 0.001 (both side).

239 vw Hrlo|A AICZEE®] Model oA A YER} Model IEE}L Model II7} ©] Agae & &
Atk HF AAHE Model 1] HAFE o] &3l 3tE2F BFAIY BA A4 S S fdsig o, ol
A @7 2o

Y/ = 6(70'486“)'028" +0.000z, +0.0287; +0.2172, +0.000z; ) [T (8)

A7NA, Y, FAH ATA A A

x, : SFEA A&F M{WT, Ty 0 TR, 2y s FEU 2 P o2, U ESHE NS,
x5 SFEA AEH, ¢, 0 22

e} o] &3 BFPL o] &3ty IEX} wEBAL AFE =3y EF o) EUiE 1&E5EE 77
H okASF9 LOSSE /N3 Th LOSSE MEE mEe WAREZ AFdslY 5SS UFrE Zog
(Kononov and Allery, 2004). ¥ A4 = LOSSE SHEAo| A 83ty I&EE F70E HAFES AA A
o7 AgstnA P, 3] Ao BFe LOSS V5wl sigsts 77kl tal &2 nSAD QHds

U8 48T 5 e 4B Ak 0|24 B2 ANGA stk
10 U=TSYUR=F 227, H12(2023H 28)
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TEE W) SlE & Andge) AtE 23] A4t getuEE 8381
EFAUAE 4HEST ol F BFHUA ATE ALt HA AFE AHASka, LSS AAMNEe HA Al
£ A83 mEAR] o) EE 2y A st a8tk 309 AAHE 7]ESZ LOSS I~V
FEIMA 4709 FHel AT LOSS 12 HdaE7) & o] wFAL #ge] W& ¥, LOSS V&

sH7
ZE wFAL H3e] EA YERdTHPark et al, 2019). 9lollA =&3 R¥F HH AFE o] 83te] LOSS
SHEE TR MdEE <Fig 2>9 2k

Linklength

<Fig. 2> Concept of LOSS graph

F3ol wet 0.5, 0.75, 1.0 5 T 3}74] 7“%%} T UE rﬂ 3 ﬁlﬂ} X—MZ]E] LOSS Iﬂr LOSS Noﬂ =]
o] Bxe1, H3 A4t AW LOSS M2 LOSS Mol © @ol Exdw, HAAL7} 19 7V1he4S
5 7} FoS AT LOSS [,1L,IME LOSS Vol vls) ehadel7} viwa & Algsitia &
EAQ1 stEA WAL B E flal hAo] W LOSS Vol sdste 7k AEA R
12 A ASLES 152 A8tk 1 A <Table 5>9F 2o] 58 77 /ME7F AH=E

—|—‘

2

<Table 5> Evaluation contents by LOSS

Types Evaluation contents No. of levels
LOSS 1 low potential for accident reduction 70
LOSS II better than expected safety performance 481
LOSS I less than expected safety performance 279
LOSS IV high potential for accident reduction 89
7} T Wi AEAL A4 E LOSS 12 0%, LOSS I+ 3571, LOSS M 8.571, LOSS V= 14.070
o7 FAE0] kdFFo] LOSS 14 LOSS VE Z4E wFAL AFE BolAle 2102 ey 55
o] A FEEe AT,
T3 SHEA wFARL e AEH R AFT 7 A¥ET] fa] ZE T3t il Potential
for safety improvement(PSDE Bl 3}HTh 7oA PSI= A wEtd/NdA 2 =280 A H(Highway

Safety Manual, 2010)°] WEH, PlzoA= wEHHAAY Y] AEAE AAshed 285 vkl ot
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DEFH AT ALY FAAE YeERd TP ZoA AR ZdEHE AL AF5s RES 58 o =8 Al 7
= 3 o] 2olE AAA A AR F7|Z A5 THKim et al, 2020). £ A= PSI
T o =3 Alal A9 afel2 Aok, o A (9)9) 2ol 4tEst AT

il

P S] = Mual ]V;)T'edmfe(L ........................................................................................................... )

PSIGHS 4H&3 A3}, LOSS THEE F EAT A59] Aol LOSS 1L -407, LOSS & -26
71, LOSS M-S +247, LOSS V& +9.074 22 EAFHSTE LOSS 19 A% d3d wSAIY AFRT A4
WEAT AF7 9 A 23 dob_, LOSS VO] A% 29 wEAL AFRT AA wEAla A57}
O go] HAg o2 SAMH. o & Eo] LOSS VO] A% 179 wgAsE AT AR o3H 73t
of AAZ 1079 wFALTF BAS Zolt) o]EA LOSS IV} Zo] WAL =7} =oF AA )7t
Bag 73S el Goti] Q8 A= 1EEE YEYA B Aol A&7 LOSS TEe EE3HA
I, I A3 <Fig. 3> 2tk oJ7]oA4 LOSS [ &t 10SS I+ =4, LOSS M =T, LOSS IV
= HHL7]—}\1-] o7 L]—E]—lﬂ OiTjr

sheat b #e7h W83 73 LOSS Vol sfgehs 7Rho2 ddstgla, o= F 897 7iheE 1
Ebsith 58] AAl BA Aot oS A5 Aort E YT E %1“47} Ala @ FRrolet Aash L A4l
107} FEFIE A= <Table 6>34 2}, B AFolA AEd Ryos =d 7P WAL fdo] &

el

<Table 6> Example of comparison list of results

Actual | Predicted

No. of
: No. of | No. of PSI
\ E};Vp;ess Section LOSS accidents | accidents | (a-b)
100 Guri TG — v ’s 54 a6
9 Topyoung IC
Songak IC —
5 Dangjin IC V| 663 | 1737

Kyoungki Gwangju IC
35 d v 22 4.82 17.18
Kyoungki Gwangju JC

Namsajinwe IC —

1 Ansung JC v 28 11.09 | 1691
Songpa IC —
100 Seongnam TG v 26 925 | 1675
Dongseoul TG —
35 Hanam IC V| 20 377 | 1623
35 Namdaejeon IC — v " 283 17
Sannae JC
35 |[younehd Guangu IC=) )y, 434 | 1566
Gonjiam IC
W oss 1 Seo IC —
W wossu ansan
Loss I 50 Gunja TG IV 21 553 15.47
W Loss v A_nsan JC .
15 v 23 753 | 1547

<Fig. 3> LOSS of truck accidents on expressway Seoseoul TG

12 or=ITSYR=En| M2271, M12(2023H 28)
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