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ABSTRACT

In this study, the capacity of the tunnel and the general section was calculated and compared using
the VDS detector data, and the decrease rate in capacity of the tunnel section was analyzed by tunnel
type. To compare the capacity of the tunnel and the general section, the Product Limit Method (PLM)
was applied to the VDS detector data. As a result of comparing the capacity of the tunnel and general
section, the capacity of the tunnel section decreased by about 6.5% compared to the general section.
To classify the tunnel type, the tunnel extension and the number of lanes were used as variables,
and there was a difference in the decrease rate of capacity by tunnel group classified by each
criterion.
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<Table 1> Structure of VDS data

Variable Description
Time Time when the data were collected
VDS ID VDS identification
VDS position VDS coordinates (latitude, longitude, °)
Speed Average speed of the vehicles detected by the VDS(km/h)
Volume Aggregated volume of the vehicles detected by the VDS(veh./h)
Occupancy Occupancy of the VDS for each time period (veh./km)
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VDS detector within the tunnel section |

Tunnel section I:l Range of tunnel influence

(from 500m before the tunnel to 500m after the tunnel)
[ eridge section [CZ7"7] Range of bridge influence

(from 500m before the bridge to 500m after the bridge)
mmmmm Expressway & ramp Q VDS detector

<Fig. 1> Conceptual diagram of the tunnel section and general section
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q;<q q

Flg) =1-Glg)

where,

F(q) : cumulative distribution function of capacity values

q: intensity

g, : observed intensity at intervali

{Q} : setofobserved free— flow intensities

{C} : setofobserved congested flow intensities

s=l@uia R

k, : number of observationelementslin set Swith intensity g, larger than or equal
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<Table 2> List of tunnels used for the analysis

Freeway name Name of tunnels used for the analysis(direction of progress) Count
Okcheon 4(Seoul), Okcheon 3(Seoul), Daejeon(Seoul), Okcheon 4(Busan), Okcheon 3(Busan),
Kyeongbu 6
Jeungyak(Busan)
Gwangju-Daegu Namwon(Daegu), Namwon(Gwangju), Bunam 1(Gwangju), Gaya 3(Gwangju) 4
Sanin(Busan), Haman 2(Busan), Sanin(Suncheon), Changwon 1(Suncheon),
Namhae Gangjin 3(Suncheon), Goheung(Suncheon), Byeollyang 2(Suncheon), Byeollyang 3(Suncheon), 14
Goheung(Yeongam), Josung 1(Yeongam), Choamsan(Yeongam), Bosung(Yeongam),
Jangdong 1(Yeongam), Gangjin 4(Yeongam)
Dangjin-Daejeon Chadong(Daejeon), Hogye(Daejeon), Hogye(Dangjin), Sinyeong(Dangjin), Chadong(Dangjin) 5
Wachon(Pohang), Daljeon(Pohang), Limgo 1(Pohang), Limgo 3(Pohang),
D: -Poh:
acgu-rohang Limgo 1(Daegu), Limgo 4(Daegu), Wachon(Daegu) 7
Beomseo 4(Pohang), Munjudaewang 5(Busan), Ohcheon 4(Busan), Ohcheon 5(Busan),
Donghae Ohcheon 7(Busan), Geundeok(Sokcho), Jeokno(Sokcho), Donghae(Sokcho), 12
Cheongdae(Sokcho), Yangyang 2(Sokcho), Yangyang 2(Samcheok), Hyunbuk(Samcheok)
Muan - Gwangju Noan(Gwangju), Noan(Muan), Hampyeongnabi(Muan) 3

Vol.23 No.3 (2024. 6)
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Freeway name Name of tunnels used for the analysis(direction of progress) Count
Naechon 5(Yangyang), Sangnam 4(Yangyang), Seoseok(Yangyang), Hangchiryeong(Yangyang),
Naechon 1(Yangyang), Hwachon 8(Yangyang), Hwachon 9(Yangyang), Seomyeon 6(Yangyang),
Seoul-Yangyang Cheonan(Yangyang), Dongsan 2(Yangyang), Hwachon 8(Seoul), Hwachon 9(Seoul), 21
Bukbang 1(Seoul), Bukbang 3(Seoul), Cheonan(Seoul), Seomyeon 6(Seoul), Sangnam 3(Seoul),
Sangnam 4(Seoul), Sangnam 5(Seoul), Sangnam 6(Seoul), Seoseok(Seoul)
Seohaean Daemyeong(Seoul), Yongdam(Seoul), Sunsan(Seoul), Daemyeong(Mokpo) 4
Capital region first ring Suri(Pangyo), Suam(Pangyo), Gwangam(Pangyo2) 3
Samae 1(Wanju), Osu 1(Wanju), Juklim 1(Wanju), Gurye 1(Wanju), Gurye 1(Suncheon),
. Gurye 2(Suncheon), Deojin 1(Suncheon), Wansan(Suncheon), Yongam 2(Suncheon),
Suncheon-Wanju Juklim 1(Suncheon), Cheonma(Suncheon), Samae 1(Suncheon), Samae 4(Suncheon), 14
Osu 1(Suncheon)
Daegwanryung 1(Gangrueng), Daegwanryung 4(Gangrueng), Daegwanryung 5(Gangrueng),
Yeonedon Dunnae(Gangrueng), Bongpyeong(Gangrueng), Jinbu 1(Gangrueng), Jinbu 2(Gangrueng), "
gdons Jinbu 3(Gangrueng), Yangji(Gangrueng), Dunnae(Incheon), Jinbu 1(Incheon), Jinbu 2(Incheon),
Jinbu 3(Incheon), Bongpyeong(Incheon)
Iksan-Jangsu Sangwan 2(Jangsu) 1
2nd Kyeongin Gwangmyeong(Seongnam), Gwangmyeong(Incheon) 2
Jungbu Jungbu 3(Hanam) 1
Maehyeon 2(Yangpyeong), Gimcheon 2(Yangpyeong), Gimcheon 3(Yangpyeong),
Sungju(Yangpyeong), Mungyeong 2(Yangpyeong), Mungyeongsaejae(Yangpyeong), Gangsang
1(Yangpyeong), Gonggum(Yangpyeong), Sangju(Yangpyeong), Yeonpung(Yangpyeong),
Jungbunaeryuk Jangyeon(Yangpyeong), Yeonpung(Changwon), Jangyeon(Changwon), Gangsang 1(Changwon), 24
Gangsang 2(Changwon), Geumsa 1(Changwon), Geumsa 4(Changwon), Geumsa 5(Changwon),
Jinnam(Changwon), Sungju(Changwon), Mungyeong 2(Changwon),
Mungyeongsaejae(Changwon), Maehyeon 2(Changwon), Jokok(Changwon)
Jungbunaeryuk Dalseong 1(Daegu), Dalseong 2(Daegu), Dalseong 1(Changwon), 4
(branch line) Dalseong 2(Changwon)
Danyang(Chooncheon), Dabu(Chooncheon), Jecheon(Chooncheon), Chiak 2(Chooncheon),
Jungang Chiak 4(Chooncheon), Wonmu 2(Chooncheon), Chiak 2(Busan), Chiak 4(Busan), 12
Jecheon(Busan), Dabu(Busan), Wonmu 2(Busan), Sammachi(Busan)
Jungang(branch line) Daedong 1(Gimhae) 1
Munui 2(Yeongdeok), Pibanryeong(Yeongdeok), Danchon 4(Yeongdeok), Ansa 2(Yeongdeok),
. Anpyeong 3(Yeongdeok), Naeseo 4(Cheongju), Ansa 2(Sangju), Anpyeong 1(Sangju),
Cheongju-Yeongdeok | - ho 3(Sangju), Dalsan 2(Sangju), Dalsan 3(Sangiu), Yeongdeok(Sangju), Jipum 3(Sangju), |
Sailsan(Sangju)
. Tongyeong 2(Hanam), Yuksipryeong(Hanam), Hamyang(Hanam), Sinyul(Hanam),
Tongyeong-Dacjeon Odojae(Tongyeong), Hamyang(Tongyeong), Gosung 1(Tongyeong), Yuksipryeong(Tongyeong) 8
Guemseong(Jecheon), Sancheok 3(Jecheon), Sancheok 4(Jecheon), Surisan(Jecheon),
Pyeongtaek-Jecheon Surisan(Pyeongtaek), Guemseong(Pyeongtaek), Sancheok 3(Pyeongtaek), 8
Sancheok 4(Pyeongtaek)
Honam Seokgok(Cheonan), Seokgok(Suncheon), Daedeok(Suncheon), Suncheon 2(Suncheon) 4
B ATNAE FLE /1R ?—1 of EABHE Y T2 D QM P 2 §3FS vimstgeh. 2 A
T2 9 B T EAsHE VDS AAZEE FE HolHE el =2 §%E AEdgon, 9
73 8 HE 7Y B & o—% %H% TRt EAlSE VDS AAV|ER AtEE £ 89S BT #e
28U B R E7E HES R Y3 4 A= <Table 3>34 2o 24 iy B2
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<Table 3> Results of analysis

Road capacity of tunnel sections (veh./hour) | Road capacity of general sections(veh./hour) | Road capacity reduction rate

Average Mode S.D. Average Mode SD. in tunnel sections(%)
1,402 1,530 238.9 1,506 1,584 2719 6.5

[[] Road capacity of
304 [ tunnel section

[[] Road capacity of
- general section

J
Count

10 R :I
of ‘ i = = e - =T

1000 1500 2000 2500
Capacity (veh/h)

03 0.2 0.1 00
Gapacity reduction rate (%)

<Fig. 2> Conceptual diagram of the tunnel section and general | <Fig. 3> Reduction rate of road capacity in tunnel sections
section

compared to general sections

HY 88 52 83 04E8S 43 98 8d 94, Ha W A2, 283 AL dAE HE &
F 712082 AT AAE &7 WTE &83te B 73 EE &9 A& AudAE 45
own, 1 AIE <Table 4>} 2T AaaA 24 A3, HE W A2579 AlE ] 3 433A7 08 =
I, B 77 B2 &5 A go] A ARG AR5 ARBA o827 -0.06, 0.04) ElE A

A3 Y W A2 B K9S TR 9% Jzos AF MRS,

<Table 4> Correlation between road capacity reduction rate and tunnel characteristic variables

Variables Capacity reducn(?n rate in Tunnel length Tunnel height Number of lm in tunnel
tunnel sections section
Capacity reduction rate in - 0.05 0,06 0.04

tunnel sections

Tunnel length - - -0.03 -0.13

Tunnel height - - - 0.80

Number of lanes in
tunnel section

4 i B A AZFE 71E0E Kmeans 2 2ET 71HE A E315om, A4 £
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150
1

50
1

Total within-cluster sume of squares

S0 —06—6—0—0—0—0—0—0—0—0—0—0—0—0o
T T T T
5 10 15 20

MNumber of clusters

<Fig. 4> Elbow curve for K-means clustering

T2 A% wet B {39& TR A7 147~1,022m, 1,041~2,213m, 18] 3L 2,292~4,465m2] AR 2t
Bdo] EREUAT B AR5E VIFoR HY #92 7R A, 8 U A=471 270, 370, 18
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<Table 5> Rate of reduction in road capacity in tunnel section by classification based on length and number of lanes

Classification criteria Classification range Number of tunnels Capacity reduction in tunnel section

Classification results 147m ~ 1,022m 69 6.0%

from the K-means 1,04Im ~ 2,213m 87 6.8%

Tunnel clustering 2292m ~ 4,465m 30 6.9%

length < 1,000m 76 6.1%
| .

/000m unit 1,000m ~ 2,000m 79 6.7%
classification

2,000m 31 6.8%

2 164 6.5%

Number of lanes 3 17 7.0%

4 5 42%
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