J. Korean Soc. Transp.
Vol.35, No.5, pp.458-467, October 2017
https://doi.org/10.7470/jkst.2017.35.5.458

pISSN : 1229-1366
elSSN @ 2234-4217

Received: 13 July 2017
Revised: 8 August 2017

Accepted: 29 September 2017

Copyright ©
Korean Society of Transportation

This is an Open-Access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

TCS UWM =S 825t 1552 ST RH
ARZ{HIOl0]| 2H5 ¢

QA - 2SI - HHOIAR . 2|82 . YHOP2 . HEE R

[St |

'MEAlYchatn nE3stn, BRE2IA C2uEHETY

A Study on Estimation for Freight Transportation
Indices on Expressway Using TCS and WIM Data

OH, Junghwa' + KIM, Hyunseung' + PARK, Minseok? « CHOI, Yoonhyuk? -+ KWON, Soonmin?
- PARK, Dongjoo'*

'Department of Transportation Engineering, University of Seoul, Seoul 02504, Korea
2Expressway and Transportation Research Institute, Gyeonggi 18489, Korea

*Corresponding author: djpark@uos.ac.kr

Abstract

The expressway of the Korea has an important role in freight movement because 76 percent of
the commodity is transported by trucks. However, there has been few indices on the role of
expressways regarding freight transportation and truck traffic. The objective of this study is to
propose four freight transportation related indices using ITS-related system such as TCS and
HS-Wim: total truck’s travel miles (veh - km/year), total freight transport miles (ton - km/year).
efficiency of truck’s travel (veh-km/km), and efficiency of freight movement (ton - km/km).
These truck and freight related indices were estimated and compared by two different data
sources: traffic volume data using VDS and OD data using TCS. These indices were designed to
estimated on real time and updated every day and month.

keywords: efficiency of freight movement, efficiency of truck’s travel, freight transport miles,
smart restrictive vehicle analysis system, truck’s travel miles
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Table 1. Summary of the existing studies and uniqueness of the study
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Table 2. Characteristics of available data

o Data collection . . # of Vehicel
Data Objective Coverage Data collection unit classification
method p—
National Traffic survey - Spatial: IC to IC, IC - AVC - Raw—data: Individual 12 types of
statistics of statistics for to JC section - VDS pass vehicle unit vehicle
annual traffic  providing road - Temporal: Occasional - CCTV - System: Aggregate by
volume planning and data surveys, regular surveys - Etc. section
for various - Object: All vehicles
researches
TCS Toll collection - Spatial: 335 TG - TCS - Individual pass vehicle 5 types
- Temporal: Every time unit of vehicle
- Object: All vehicles
HS-WIM Weight measurement - Spatial: installed - HS-WIM - Individual pass vehicle 12 types
data HS-WIM system unit of vehicle

- Temporal: Every time
- Object: All vehicles

DEER 770 LEF D A FELERAA AT ER L B4 A=g Fesort EsE £
ZALIA), T3, A km), A2, AL A5 Q BE
458 QB WEHE/Y) B 771 A k) A2S g5

K10 AAF: B2 DS 1H}O§—7—ﬂ4ﬂﬂ BEFL 12508
S 125 5 1250 AAEA, 31258 SHEAEAR R, P n4ER 1A 2470l 2013
H 4,114km, 20143 4,124km, 20154 4,149kmo]|c},

TCS G 715 A WEFL AR RFANA Tefsh AntE ARAF BAALE W TCS TEF zﬁ%
gt TCSE D4 =R SARFS A5t BH02 MY ALY RN BEFT} 2714520 e
sz °1°D1 AF 65 (AR, 1-5%) 0.8 LRSI Ik, 65 F A oA AREA, 1-352 oi2 3 94?
AEA, 4-55-2 SEAFAR TEAT, B3 w2 TA WRAR DEER G4 15H AT (k)
= ;%ﬂﬁiﬂ}

+ 32 E
0
H1
L
|=
of
offt
g
i““
H-]
fru
ok
é
i
>.I
erEa

A AANES Bl SHE L 2 ALY ARtE Sk A AR = 74227 22 8
= &% Apo] A of i S [t of

=
= T pis
A2olk, @A) eutelol A4 (A, ek A, Bae, $ek, 71

357 = Ao R SHY = 3l
1, FED | DEST717E AR EO o R gAE AT A AFE Bt 1—11 T8 FAeto] i st

o =
17 ot TEEFA10) A1 & S AR AFA 34 AR 1S 0|80 A5 B PAFEARE B
A B AR AT, ol D13 71E 142571 A4 A8 F A2 57
19 A, A 2 o AR 109 AAF 209 ARE BT ABATA AFE ARES 45
S, 28 13.2F, 3F 24F, 4F 89E, 5 1245, 65 17.5%, 713 26.6+, 8F 11.4=, 9& 13.7F, 10
1% 2175, 12% 247502 vrebh.

M)

(©)
2L aRare) /15 AR
4 glo] A DHERE BT AL o Trotel of21 A SIch, T 241 AnkE ATAE
A2E FTCS ARE TEER GYA7E A4 LEFES &5 Gouh, 5 45 ) Q454 2 32457}

x oo &
o
N,
Hll
_',1
O
Hﬂ
}:i
b
H
fu
i
)
ol
ok
o)
__)Iﬂ‘
El
of
ol
tlo
H
12
o o
N
9
i)
Ho
o -
o
30
ni
o
rr
J

=

Cistn E3k5]2], A| 353 A 55, 20174 102 461



Article A Study on Estimation for Freight Transportation Indices on Expressway Using TCS and WIM Data

WA glek 2 Aol oleh e o8 AR S S48 Mefdtel
Astart. SEAEA SRAA -km) 2 SHEAEA FHAS( -

H& 5 ol AwE F-85H=R]of ufef Table 33 Zo] % 374 tjet
) 9@ SESEEE(E - km/km) A X AEA] WEF 2=, 2AH5EF H|
ZJof| whe} Table 49} o] & 37}7] tigto g AAskgct.

ﬂHN'
E
of
ot
N
;NJ
ln o
Me o
:lrU

km/km) A3 AT
o7 @@GFME}. T3S H(E - km
&, QHES A7 5 oL AnE &8ohe=

Table 3. Alternatives for the estimation of Truck’s travel miles Table 4. Alternatives for the estimation of freight transport

and efficiency of Truck’s travel miles and efficiency of freight movement
Alt. Data Used Ratio of Vehicle Types Alt.  Data Used Ratio of Vehicle Types Loaded tonnage
Ale. 1 Road traffic Statistics Alt. 1 Road traffic Statistics HS-WIM
Alt. 2 TCS Road traffic Statistics Alt. 2 TCS  Road traffic Statistics HS-WIM
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Table 5. Summary of the existing studies and uniqueness of the study

Data Used
Indices Alt Traffic Tonnage Year Year Year
: Vehicle Classification 2013 2014 2015
Volume Loaded

Truck’s travel distance Al 1 Road Traffic Statistics - 17,809 18,233 20,150
(million veh - km/year) Alt. 2 TCS Road Traffic Statistics - 14,542 15877 16,682

Alt. 3 HS-WIM - 20,807 23,419 24,607
Freight transported Ale. 1 Road Traffic Statistics HS-WIM 180,762 187,439 196,109
(million ton - km/year) Alt. 2 TCS Road Traffic Statistics HS-WIM 147,505 161,429 162,361

Alt. 3 HS-WIM HS-WIM 245270 309,878 311,435
Efficiency of truck’s travel Ale. 1 Road Traffic Statistics - 433 442 486
(10,000 veh - km/km) Alt. 2 TCS Road Traffic Statistics - 353 385 402

Al 3 HS-WIM - 506 568 593
Efficiency of freight movement  Alt. 1 Road Traffic Statistics HS-WIM 4,397 4,545 4,727
(10,000 ton - km/km) Alt. 2 TCS Road Traffic Statistics HS-WIM 3,585 3914 3,913

Al 3 HS-WIM HS-WIM 5,962 7,514 7,506
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Table 6. Comparison of veh - km estimation between this study and Korea Expressway Corporation (2015)

Aspects

Korea Expressway Corporation (2015)

This Study

Definition

Target Vehicles
Data for Traffic Volume

Ratio for Vehicle type
classification

Distance

Estimation method

Estimation Result

Indices on Utilization and Efficiency of all
type of vehicles using Expressway

All vehicles using expressway
Traffic volume using VDS

Based on Vehicle type ratios of 12 types of
AVC

Link distance between ICs(segments)

n

Z (voli X kml)

i=1

i: expressway segment(i=1,",n)
n: # of expressway segments
vol,: traffic volumes of segment i(veh/year)

km;: distance of segment i(km)

70,128 billion veh - km/year (2014)

Indices on Utilization and Efficiency of
Trucks using Expressway

Only Trucks using expressway
Traffic Volume by vehicle types using TCS

Based on distance—based weighted Vehicle type
ratios of 12 types of AVC

shortest distance between TGs

EZE%; Xdzj
i j c

¢t vehicle class of TCS(¢=1,2,:,5)
it origin TG
j+ dstination TG

c

vs5: traffic volumes of type ¢ between origin
TG, i and destination TG, j(veh)

d;: the shortest distance between origin TG,

i and destination TG, j(km)

Ale 1: 18,233 billion veh - km/year (2014)
Alt 3: 23,419 billion veh - km/year (2014)

Table 7. Comparison of ton - km estimation between this study and Korea Expressway Corporation (2015)

Aspects

Korea Expressway Corporation (2015)

This Study

Definition

Target Vehicles

Data for Traffic Volume
How to consider

empty trucks

Ratio for Vehicle type
classification

Average Loading tonnage
of Trucks

Distance

Estimation method

Estimation Result

Indices on the overall distances of freight transported on Expressway

Trucks using expressway

Traffic volume using VDS

Trucks whose overall weight using HS-WIM is
lighter than the average weight by vehicle types

Based on Vehicle type ratios of 12 types of

AVC

— Data surveyed: Interview with truck
drivers about the weight of loaded freight

— Surveyed location: truck rest area (6 locations;
Munkyeong(2 ways), Ipjang(to Seoul way),
Oksan(to Busan way), Okcheon(to Busan
way), Chilgok(to Busan way))

— # of samples: about 200 samples

each segment of expressway divided by IC

12
Z Z (volij —empvolij) X load; X L,
i=3j=1

i: vehicle types of VDS (i=3,4,5,"*-,12)

j- expressway segment(=1,2,--*,n)

n: # of expressway segments

vol,;* traffic volumes of type i of segment
j(veh)

empuol;;: empty vehicle traffic volumes of

type i of segment j(veh)

load;: avg. load of each vehicle of type
i(ton/veh)

L;: distance of segment j(km)

97,932 billion tonkm/year (2014)

Traffic Volume by vehicle types using TCS

Not considered

Based on distance—based weighted Vehicle

type ratios of 12 types of AVC

— Data surveyed: HS-WIM

— Surveyed location: Sunsan, Wagwan

— # of samples: about 35,000 samples

— Estimation method: Exclusion of average
tonnage of empty vehicles by vehicle types
from average total weight by vehicle types
using HS-WIM

shortest distance between TGs

EZE%;X%’XJ
i i@

c: vehicle types of TCS (¢=1,2,*+,5)
i: origin TG
j+ destination TG

@

v+ traffic volumes of type ¢ between origin

TG, i and destination TG, j(veh)

d;: the shortest distance between origin TG,
i and destination TG, j(km)

“. avg. load of each vehicle of type

c(ton/veh)

1: 187,439 billion tonkm/year (2014)
3: 309,878 billion ton-km/year (2014)
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