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Estimation of Road Capacity at Two-Lane Freeway Work Zones

Considering the Rate of Heavy Vehicles
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ABSTRACT

The objective of this study is to estimate traffic capacity based on the heavy-vehicle ratio in a
two-lane freeway work zone where one lane is blocked by construction. For this, closed circuit
television (CCTV) video data of the freeway work zone was collected, and the congestion at an
upstream point was observed. The traffic volume at a downstream point was analyzed after a
bottleneck was created by the blockage due to the upstream congestion. A distribution model was
estimated using observed-time headway, and the road capacity was analyzed using a goodness-of-fit
test. Through this process, the general capacity and an equation for capacity based on the
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heavy-vehicle ratio passing through the work zone were presented. Capacity was estimated to be
1,181~1,422 passenger cars per hour per lane (pcphpl) at Yeongdong, and 1,475~1,589pcphpl at
Jungbu Naeryuk. As the ratio of heavy vehicles increased, capacity gradually decreased. These
findings can contribute to the proper capacity estimation and efficient traffic operation and
management for two-lane freeway work zones that block one lane due to a work zone.

Key words : Road capacity, Heavy vehicle, Two-lane, Work zone, Freeway
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VEEE FAZE sHRFAIAM 2AHE AFEY] 1A ARE EE5t FATRE TR EA B4
< FYat. 18 A8 2}F-2 Korean Society of Transportation(2013)3} Ministry of Land, Transport and
Maritime Affairs(2008)-°/] 8 8 T £ 71%cl 71kt RSkt & ATelM A EF V1SS
B 283 AT F 4, 3ol 9 AldS TR AFAR] 71E2 <Table 1>014 AAEATE 5 145%

oA AFe] FEE obslsh Zor, Yael B2 AN FASE $83 2 TR SH e fAS:

<Table 1> Classification of vehicle type

Vehicle Classification Specification Definition
Number of Axes | Number of Units
Passenger Car 2 1 Passenger Cars less than 16 Passengers
2 1 Buses more than 16 Passengers
2 1 Small Trucks less than 8.5 tons
Heavy Vehicle 3~5 1 3~5-axis Heavy Truck
4~6 2 4~6-axes Semi-Trailer
4~6 2 4~6-axes Full-Trailer

= 2222 FYsks AR Uolds @ Aol S343 ol F ts AHFe] T3 wj7kA] Azt 344
o] 21 5ol FHsHA A AFtAol wEE 5 9loH, o] Ag FAFY] 4 B2 &3S Al g
A FAAT %S AT ¢ Atk mebA 24 A5 o4 Outlier) e AIA3E7] A8 95% A H73HE

AH-8-5} 94 THChang and Kim, 2000).

<Table 2> Characteristics of aggregated traffic data

Freeway Classification -f:a:r -HeaV)(': a\I’ehicle I_I%V}-]CZrehiCIe -II_-IIZIVV}; \\/’Z}llliiccllz
Number of Sample 496 184 184 78
Yeongdong Average Headway(s) 2.56 4.16 320 520
Standard Deviation 226 5.53 3.19 5.80
Number of Sample 372 250 250 148
Jungbu Naeryuk Average Headway(s) 2.23 2.98 2.94 3.19
Standard Deviation 327 4.05 6.16 3.40

<Table 2>9} o] &2 A7 B9 JEULET R A Z o7t B&E o] A58 o] #8584},
|, Eatg-E2x1go 2 FAE vgo] 2+t 53%, 20%, 20%, 8% % EAEHAT £

AR nEEEd S B L0009 Aol 1A 5 Q3L AEH T4 HIEL A2 365%, 24.5%,
245%, 145%2 BASUh WE ATAA Y Aok F SRR BF FAFFAF ¢ AF0A] 713
23, $8-FAF, FAFEE, $84-580 0

AT} ol FAT F3y A Lukaol e o 1) AFHA
042 TEER WA FAFe Fgo] AA Ao TR GF
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7] A,

q = Average Road Capacity
h = Average Headway

Webd $83ksh B FASIA O el AFEFL ol AFNAL FE5A A2t FERE

2 =
L oPEe Bl FAFL Fol FATN vAE JF& BAHIA Sk = 5
BLE 4 A T2 o) w}% 2 8% 39 5 4% 24 1Y HAl BeAA0. 45208
FHAE 58 % % %
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ﬂl

5
XF%WH 2 zy —’F%’S}‘}iﬁ‘r. g Lﬂ 7HA ¢ Z} 7JZ"1 S3EEXE O
(Distribution fitting)& &l 2 25 =golA Folvg FEEEE FH}3
<Fig. 2~9>%} <Table 3>& 7} AFH 2§ oA Q%Hi 4 Ans EOEI%E} =4
1 A EE(Lognormal distribution)7} 71 A& B2 AAFHL F

o ALl 7HA akE Z2FelA 2O

FUEIEEES A9 FAF-FabEF 1 A4S ofolE E3E(Weibull distribution), YA xE 23l
AE 7Z4n} B3 (Gamma distribution)7} 718 A3 X2 AREHT =3 FHE EXRYPT o|2AHQ B
Ry Alo]o] AdA 7 A (Goodness-of-fit test) S -rIOH Kolmogorov-Smirmov A4S AME-3H fo|&E3 A5t

2
O
A EA4L 359 Kolmogorov-Smimov A4S FE dlo|Ee] A2 EE 34 (Empirical distribution
function) ¢} 72 &2 3 (Cumulative distribution function) Ate]e] HhAZE FAH & AFsletod 714 A
Aok lolth o] e B BExIrE F45I, AA Ex9 F4 BF Abo] g9 X9 B
7

_1

spololl WIS W aH7] MEe] T HEL vwsks o glo] F&3 A MLEHS A3 A7
Me 248 BERY) o229 FERFo] Aol} gitkn MAHAL, FelFEL 0052 AAINYT. ¥
4 A3, pvaluert 00520 FA| B2} AL /14T 5 vk Wt F4Y BEEg ogdd

g2 fABIG R 3 4 9ok
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<Table 3> Goodness-of-fit test of estimation result
Freew: Kolmogorov Car Car Heavy Vehicle Heavy Vehicle
o -Smirnov -Car -Heavy Vehicle -Car -Heavy Vehicle
Test Statistic 0.026 0.053 0.045 0.052
Yeongdong p-value 0.891 0.703 0.857 0.981
Probability Distribution Lognormal Lognormal Lognormal Lognormal
Test Statistic 0.038 0.060 0.043 0.056
Jungbu Naeryuk p-value 0.946 0.731 0.965 0.922
Probability Distribution Gamma Gamma Gamma Weibull
2) A2 bl W2 =2 8Y =X
TAF G WE =2 §FS vlwsty] fs) 71E HolEdA FHE A5 22 S A 2%
H AHFA it g Eahe d8ste] 4 23 79| 32 e g JdE AASAT & 1,0000] A
Fo| AHFNAS RO AASA 0-40%7HA A HIE 1092 S7HAATI SakEFe] Y] wE A
T4 MsE BAstt o] e T8 FARRE Wol Aol EAlEHA Fe ARTH FAE] 2
gl ol2e ER7HA —’Eﬂx—i?_i 48 At
<Fig. 10~19>= 49 55 7Ntez d= AR S vl whE AR Wil gk

A& o)A Asfo|t}, B4 A3} <Fig. 10~19>3} 29|
10%2 Z7Fskel wpet Hd AFHE0] <F 1.3~6.3%7HA

2ol 4 F4F 7}
Fheke Aoz AR, old ne} BE 232
FAT ) FAF FA &) S B2 4% dael JBS MAE AL ¢

2

SAE v M2 Hit AFHA S o) 8A &7 FH4 EF0] JhEsith AT BEEEH 7)dka)
o TAF ol whet 4HEH AFHAY] H o] AEHY, HF 52 £ e AFHE 952 At
Hoh £4 23, dFuEsR A 52 &% 1181~ 1,422pcphp1§ e, SHWsIEEEY] 7
$ 1,475~1,589pcphpl 2 AHHEH AT FELEERS} FHUFIEERES T2 &7 gho] zpo|7} U= ol
© F 729 Ha AgE =7 242 100km/h, 110km/hE E}Eﬂl AAE Q7] MEo g wodn 53, F
24 HI7E 30% ol 4o FUHEHAS W B2 882 7|E A4S g F 2% A=Y o E AAES R
Ak ole FAF-FAF 1 AFA0] $8a-FEAF P AFIHARYG A3 FAE A7 YA FFE o)
o7 FIVsHAl =W, A T3 o|F Ty T3 ko] Fakgo] d vheAo] FUs] Wil &% A
Aol AslE= Aoz AoH
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<Fig. 10> Headway distribution — Yeongdong (0%) <Fig. 11> Headway distribution — Yeongdong (10%)

56 SI=ITSYR| =27

197, TI22(2020H 42)



SRk vlol| mE HE 242

i

£E2

10 1 - 100%
— B - 80%
=
E 6 r 60%
=
8 21 - 40%
g
e 2 ‘ || r 20%

o+ ||||||||||||||||||||||||I|I|I|I|I|I|I|I||||'||||||||||||||I 0%

o 1 2 3 4 5 6 7 8 9 10

Time headway(s)
<Fig. 12> Headway distribution — Yeongdong (20%)

10 - 100%
B - - 80%
S
E 6 - 60%
=
2 4 40%
o
&5 ||| - 20%
0 B |||||||||||||||||||||||I|I||||I|I||I||I||I|||||||||||||| 096

o 1 2 4 5 6 7

Time headwayi(s)
<Fig. 14> Headway distribution - Yeongdong (40%)

‘s _

- H|
||”|“|I|||||.|| ul
0

o 1 2 3 4 53 6 7 8 9 10
Time headway(s)

9 10

10 100%

80%

Probability(%)

<Fig. 16> Headway distribution — Jungbu Naeryuk (10%)

1009

Probability(%)

20%

o ||||||||||||||||||||||||||||||||||||||||||||||||I 0%

o 1 2 g 9 10
Tlme headway(s)

<Fig. 18> Headway distribution — Jungbu Naeryuk (30%)

10 1 100%
PR - o80%
=
E 6 - 60%
=
8 24 - - 40%
g
e 2 hl - 20%

0 TTITTTT ||||||||||||||||||I|I|||I|I|||'|||||||||||||||I 0%

o 1 2 3 4 5 6 7 8 9 10

Time headway(s)
<Fig. 13> Headway distribution — Yeongdong (30%)

10 - 100%
8 - - 20%
&

2 6 - - 60%
£

"'34_ - 40%
& 5 - 20%

0 : - 0%

6 7 8
Tlme headway(s)

<Fig. 15> Headway distribution — Jungbu Naeryuk (0%)

10 B
6 - L
4 - L
2 L
o |
o 1 2 g 9 10

Time headway(s)
<Fig. 17> Headway distribution — Jungbu Naeryuk (20%)

100%

]

Probability{%)

10 - 100%
B - 20%
S
E‘a— - 60%
z
8 4 - 40%
g
o
2 A - 20%
0 - 0%
0 1 2 g 9 10

Time headway(s)
<Fig. 19> Headway distribution — Jungbu Naeryuk (40%)

Vol.19 No.2 (2020. 4)

The Journal of The Korea Institute of Intelligent Transport Systems

57



SRR vlof e HE 2XIE DS E AR T2 8% M

<Table 4> Work zone capacity by heavy vehicle ratio

Freeway Heavy Vehicle Ratio(%) Car Ratio(%) Headway(s) Capacity(pcphpl)

0 100 253 1,422

10 90 2.62 1,376

Yeongdong 20 80 2.73 1,320
30 70 2.85 1,261

40 60 3.05 1,181

0 100 227 1,589

10 90 230 1,566

Jungbu Naeryuk 20 80 2.33 1,543
30 70 238 1,510

40 60 2.44 1,475

ARE S FA ) ke BA 1Y TE S8 WE 2
215} Equation 2, 3614 AAFHAT. AAE 2oA HE 242 A2 TAE FHeE 1EED T
T2 A F2 7h S me} w2 $3e o 3/ pane Ao 4EHn.

1450 1650

1400

-E 1350 % 1550
2 a
‘E 1300 ? 1500
Fi K]
81250 | _ 5 0714x2- 29.271x + 1455.6 g 1450 y=-2.5714x? - 13.171x + 1604.8
© 1200 R?=0.9994 © oo R?=0.9998

1150 1350

0 10 20 30 40 0 10 20 30 40
Heavy vehicle ratio(%) Heavy vehicle ratio(%)
<Fig. 20> Estimation of capacity equation — Yeongdong <Fig. 21> Estimation of capacity equation — Jungbu Naeryuk

y=—>5.0714a* — 29.271x + 1455.6
y=—2.57142" —13.171z + 1604.8

<Table 5> Significance test of estimated road capacity

Freeway Multiple Correlation g::_ﬁig;jﬁ Standard Error f-value p-value
Yeongdong 0.9994 0.9894 1127 0.0004 0.0004
Jungbu Naeryuk 0.9998 0.9886 5.61 0.0005 0.0005
A gt g SR o F7HA9 AHY AFS 918 <Table 559 o] AHFE 95%l et o4
AR SR £AHL B £ 2349 AP AAAL, AL Fa Y A5 9Fe B
Shth B4 Ay, F u&=2o &3 T2 A fvaluedt pvalue’t 5 0055 ZA =EE AL, 19
e we AAAFE MER 24 4L frlsitn & 4 ok
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