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Feasibility Evaluation of Lane Grouping Methods for Signalized Intersection Performance
Index Analysis in KHCM
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ABSTRACT

The level of service (LOS) of the Highway Capacity Manual (KHCM) has been used as a basic criterion at decision making
processes for signalized intersections in Korea. The KHCM provides five steps for the signalized intersection analysis. Among
them, lane grouping, which is the third step, significantly influence the final LOS. The current method presented in the KHCM,
however, classifies a shared lane as a de facto turning lane group, even though the turning traffic of the shared lane is few.
Thus, this research was initiated to provide an alternative. To this end, three alternatives were suggested, including the method
based on the lane grouping presented in the U.S. Highway Capacity Manual, the method using turning ratio of shared turning
lane, and the method using a threshold traffic volume in lane grouping. The feasibilities of the three methods were evaluated
using a calibrated CORSIM model. Conclusively, the method using a threshold traffic volume in lane grouping outperformed.

Key words : Highway Capacity Manual, Signalized Intersection, Control Delay, Lane Grouping, Microscopic Traffic Simulation
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(Table 5) Classification of Lane Groups

Types of Lane Group
Exclusive LT or RT Lane Group

Types
Exclusive Lanes

One Lane except for
Exclusive LT Lane

Shared Lane Group for TH and RT

Shared Lane Group LT,

Vere > Vep TH and RT

Vory < Vip De facto LT Lane Group

Vere < Var De facto RT Lane Group

Verr > Vip Shared Lane Group for LT and TH

Vsrr > Vpp  |Shared Lane Group for TH and RT
(B @ ZEMNLF, T2I2HE, 2013)
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(Table 8) Comparison of surveyed travel
times and simulated travel
times (unit ='s)

Surveyed)y,_calibrated Network| Calibrated Network
Travel

Time Mean(o) Mean(o)
-(a

@ o [P

NB| 177.45 | 180.77(7.34)| 3.32 179.58(12.59)| 2.13

SB| 129.36 | 134.55(3.61)| 5.19 125.40(4.28) -3.96

(©-@

V. AT ER 9E 9% 24

=
e
SELFUYY A2 EFYHA oz
AF & FAAAANAE v wE 2]
% th. USHCM 20109] A&7 HFH
Adsta B3¢ WS At vs USHCM
201004 &= AFETo] &7 =HFEA ] oA et
A AAE7] WEolth. 187 Wi tad
Holl o3 AR AZF AAo] o Fitel 7t
& He AANTTE EA9 a4 SHAA AA
o] Jtta #HE 3P} 3=

% =2p2ola Ak
Aoz AYHE Asudz BHEAE dFd 5
Qs Eoste A EAE oF 4 7] WE
of A% e ¥4& T AT Favt Yot
s Fogke vastes AT JEoR A
T e 7€ & A 98kl CORSIM A&
HolHe A& FHe AFHOZ ARG EA F
%% CORSIM HIESAE AT TS vigt

116 PI=TSYR=EN|

133, M12(2014H 28)



CESTHE MSWAE MSKE 2ME 9t ART 272 HEM "I}
o2 AisAth @] 229 st Ee} uF A7 283 $IANTFRA #53 uTFS
24 3293 AzxAE At 7538 MEYA A2 002 FhHE Ha 10ModA Hoh 1334
= A4S HEs wgetA XE F 7] wE 72 W F de TN JYHeE FE3
e Aol AAAAM Z4F seuHE = WS wgt 74 IHE usdFs 1 4 Ut
dR xA3te] CORSIM A&l FHPAE AN7IEA BE AFE ARG BE A §3E 4t
AA71EQ) ukRu| A g NBY S A 71 Al =% g 7] Wi 40 fEsAAT 4
e g AN ASS A FHAY FAR of AlZte] AYAA Weol Fastry] wEel A
42 %S AANSE A4 #H CORSIM HEH ZY Y| sl e WA ¥ (Latin Hyper-Cube Design)
AE e Aolgta HAE 4 AT <
Z _

A-3o] HFAYH & 22 (Mean Absolute

Percent error, MAPE)E <% 5>¢} Zth AHA7] &4l
NBS] F Azt tdt MAPE= A4t & 3.0790 A
Ak & 12002 FAson Hz7|ES SBY
S AT tlg MAPE= AAF A 418914 A4t

3 3062 7434 T MAPES
kel
[}

(2 9) g4 ™= MAPE |1

H o

F AL A B AZ3d 7Y

< 0 & 4 AT HAI|EE NBE A%
|

ol sBel Hlste]l NB7F o A AS &
=
T

@ A% Py

(22 %)

(Table 9) Comparison of MAPE through

Calibration

(unit : %)

Un-calibrated Network Calibrated Network

NB 3.07

1.20

SB 4.18

3.06
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(Table 10) Traffic Volume Scenarios(Latin
Hyper-cube Design) (unit : veh/h)

No. LT Vol TH Vol. RT Vol
0 139 487 65
1 175 487 82
2 183 553 73
3 167 575 71
4 152 588 86
5 146 609 76
6 161 514 77
7 158 646 84
8 142 524 68
9 180 614 67
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£330tk MS Excel®] RAND(SHGS Abg3to]
% n%F AU eE <& >3 2o e A
A ¥ dFE DAY dZo AU
HE AEE wEgel MAabioln thA FHA
IJANTFS e AeE AT
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[Sjliy= i

WAZ MEXE

fol

(E 11) nSF AHz|2(=H) (SRl = TH/AD 2) 7|E A2 ERLHES o[ MOXH ME
(Table 11) Traffic Volume Scenarios
(Random Number) (unit : veh/h) T F /A 5 F AUYLE uigeE &
o T Vol —— p—) ZEFHP] ART BFR AF 7T FAAAA
o 139 e pr AE A= 23 <% 8>3 Zrh
10 15 667 9
11 228 135 328
12 66 195 430
13 13 676 2
14 202 200 289
15 322 41 328
16 515 53 123
17 71 514 106
18 164 178 349
19 2 688 1
20 142 532 17
21 4 682 6
(E 12) 23| o8t X127 &7 A2 o WaH X[ ME
(Table 12) Calculated Lane Group and Control Delays based on the KHCM Methodology
Volume(veh/h) CORSIM KHCM
No. Control Delay(s/veh)
Left Thru. Right |Control Delay(s/veh) MAPE(%)
Lane Group Approach
0 139 487 65 18.7 26.1 26.1 39.57
1 175 487 82 18.9 26.6 26.6 40.74
2 183 553 73 18.9 26.9 26.9 42.33
3 167 575 71 18.9 26.9 26.9 42.33
4 152 588 86 18.0 27.0 27.0 50.00
5 146 609 76 18.1 27.0 27.0 49.17
6 161 514 71 18.5 26.5 26.5 43.24
7 158 646 84 18.1 274 274 51.38
8 142 524 68 18.0 26.4 26.4 46.67
9 180 614 67 18.9 273 273 44.44
10 15 667 9 18.0 29.5 26.4 27.5 52.78
11 228 135 328 13.8 28.3 249 353 29.8 115.94
12 66 195 430 11.0 24.6 40.9 322 192.73
13 13 676 2 18.7 28.0 26.5 270 44.39
14 202 200 289 15.4 25.8 335 28.0 81.82
15 322 41 328 149 319 23.2 35.5 324 117.45
16 515 53 123 85.8 72.8 24.5 64.0 2541
17 71 514 106 17.3 26.1 26.1 50.87
18 164 178 349 139 253 36.0 29.1 109.35
118 RATSYR|=EN| 137, M12(2014H 29)



CERETHE MSUXE MSXE ZME 9E XANED 2R HYN Hot
Volume(veh/h) CORSIM KHCM
No. Control Delay(s/veh)
Left Thru. Right |Control Delay(s/veh) MAPE(%)
Lane Group Approach
19 2 688 1 21.1 27.8 ‘ 26.5 26.9 27.49
20 142 532 17 19.1 26.2 26.2 37.17
21 4 682 6 21.1 27.8 ‘ 27.5 ‘ 294 28.2 33.65
BAAT A% 353 Mad 443 dde 2 A4S Adele 10, 13, 19 12T 2104 AAH
Ho|E& &3 AU 1HE A A 4= ALFAsAAZTL o2 EF3 BHEeA ¥ 2
H A2d BRe AT T HEAAAAE 45 1 HE AANAT ERAHAQ nF5F FFlAe A
5F9 4E B AT AHE BT =8 AA F3 AZT FE AN wEed A 4ol
2 AR 25T Ao wEstd AF 7 HF AN AZTEE FEHoE EFT 4 de Wl 2
AAA AT} F7bste AL &2 & + AUk 93ttty A=
TR HuEEF HHES Ho=F AAG A olo] e} B AFe A7k 2 TAME A
el L 10014 21744 ¢ A= A4 aF @l o at7] fste] Al 7EA kS AlA AT A A=
gt o8 7 e ARgo] A AR A2 BF WS USHCM 2010914 A Alshe
wFFo] Ha AT Fo] WS At A E WHo thAste E435te ot + WAe ¥
S HAY HAEIHAAZTFOE FRAE AL & SIAARE ol g3t W H wFHF vES M
AT 4 Uitk 1 AR ASF wFFH Hlud f wate] AZFE EFshE Yol iAo R
A HE S BHolEE TG AU LAET & A WiRE 712 R e HA HusEds 2%
F W3 glsHETE o & MAPEE Holi 9t st 1 ofskel Af FRARTOR ERde W
#3AE 7L 2 AYE o, AU L 10, 13, 19, Holtt.
210] AAA HEHIAAZTOE E7H AL &
A 4 AdeH 100 A-F9 nFFE e A 2) USHCM 20109 A2z 27F 2
IERE WA AEwOL ERAT AL F p nng gute) AdAA 22 98 A4
ERE AETE PIOR RHAE AHEANE o) gay cegguge ves, Az 2R
TE A FAT EAS WAL T AL wn usnom 20109 A2 AesESe B,
. o Ao s
pEAATERE) AU AL DT GEAT 4ol o wse Azeos wRwn uy
Ax2E FE2 AAAF 95 o828 7hsAol A oty A 12, 232 181 333EE
=71 mEelt 77 gg Azzow BRI & ATdAE 1
Aze 34 A4 FEARE, 242E AEAH
3. NEZ EMSH N Bt AEE 190 2A2E $HA A4 FEAZEO
1) JHAM ot e 2 sk
USHCM 20109] 22 &7 W 2 %5F Ay
SREEFUHANA AANstE A2 EF HHS G0 Aee B4 An: <E 959 2o}
<3 8>of A HQl upe} o] I FFo] thA Ao
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CESTHE MSWAE MSKE 2ME 9t ART 272 HEM "I}
(Z 13) USHCM 20109 A2 &F LAS ASE A2 272 X2k & aHoX|A M=
(Table 13) Lane Groups based on USHCM 2010’s Method and Calculated Control Delay by KHCM
Volume(veh/h) CORSIM KHCM
No. Control Delay(s/veh)
Left Thru. Right |Control Delay(s/veh) MAPE(%)
Lane Group Approach
0 139 487 65 18.7 26.1 313 26.3 289 54.55
1 175 487 82 18.9 27.1 32.8 26.3 30.0 58.73
2 183 553 73 18.9 27.2 373 26.4 314 66.14
3 167 575 71 189 26.9 36.2 26.7 319 68.78
4 152 588 86 18.0 26.6 384 26.4 334 85.56
5 146 609 76 18.1 26.4 39.0 26.7 33.6 85.64
6 161 514 77 18.5 26.7 334 26.2 30.2 63.24
7 158 646 84 18.1 26.7 45.0 26.7 374 106.63
8 142 524 68 18.0 26.3 33.1 26.4 30.0 66.67
9 180 614 67 18.9 27.2 37.8 272 329 74.07
10 15 667 9 18.0 28.0 26.6 29.1 28.0 55.56
11 228 135 328 13.8 28.3 24.8 353 29.8 115.94
12 66 195 430 11.0 243 25.7 409 32.6 196.36
13 13 676 2 18.7 28.0 26.7 29.1 28.0 49.73
14 202 200 289 154 274 26.0 335 28.7 86.36
15 322 41 328 14.9 31.9 23.1 355 324 117.45
16 515 53 123 85.8 72.8 233 29.5 64.6 24.71
17 71 514 106 17.3 25.0 334 27.1 30.5 76.3
18 164 178 349 139 26.4 25.6 36.0 29.6 112.95
19 2 688 1 21.1 27.8 26.7 29.3 28.0 327
20 142 532 17 19.1 26.3 30.1 27.6 28.4 48.69
21 4 682 6 21.1 27.8 26.7 29.4 28.0 327
USHCM 20109] A2 BFEHE 283 24 BAo g AEd A7 G BaAAAY Htol
ML o|5F WM Z7e FERFOE BRHCT. 2o sty 98 FARHL Ao
o] USHCM 20108] a2 &7 o] 78k T2 & FHEI} USHCM 20109 9J3 4+&% =
249l A2 E% Aol QAR 4P Wy F 7 BIANAAE 2 2FF Ak oo g3
Bojth, AuHoE EREFUG 9F B4 o] #S 0|2 Holgolth. o] HolEHEo] FTFEE
o 4ER A% ¢ ARAGAA Gl B S EAEA Gol Aakd FARH Zz8el
g o FH UEAdAE A BE R/ SPSSE AH&ste] At HAAS sk At
7F 1, 2 28A 332 ZFoA Zgo] 7453 A AR A <F 10>S A2 F U 7o
e Arroz MRS X Z & e A Fo] 005HT 27] YR AFAS YERA o
AE A 8sel7] diel T Ads dddEn, =0 #esigith
T2 gl 423 USHCM 20105 Ags
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CZggHEel M uwiZ MsXE EME st A2 2Fe MAEN "ot
(E 14) MM HY 2) SBAR 3MuSE HES 0|88 X222
(Table 14> Normality Analysis = upnd
T od
KOIHIOgOIOV-SH]iHlOV ShaplIO-Wﬂk ‘1_—’_-__ ]?']__ EH EHC\)_ _‘9: kil %%1: ;‘(JZ“ }\] ;-(]_ = t‘g i]%j o
stat. P8 O atve | stat. PS8 O vatue 239 243 240 ALEEE PHolth 7= 4l
Freedom Freedom
& 71 % BAl Al AaEo] A8 7EZHOS =3
KHCM |0342] 22 | 0000 |0.386| 22 | 0.000 SaAE 24 A HTEY HE wede 54
UsHcM [0336] 22 | 0.000 [0491] 22 | 0.000 skol w4l sk A =2E S8R E4)
ste A% O FEAZE ol &t wEHY HE
AFAS JeERA %7] W&o Wilcoxone < 8 A IH FFAETTS AHAH HE3F
&9 ARE AN olw AR s By AAEZT F g ddste el 103 2
7HaE 93 2ol AAYTH °of £¥% £ At

(E 15) Wilcoxon2o| £3x9 Z#H
(Table 15) Wilcoxon Test

USHCM vs. KHCM

z -3.883
p-value 0.000

A= USHCM 20109 A2 EFEHS 83
Wl o3 sEdE Ag G HHEAAAAT ER
SFUF g3 A4EH FET Andog o =
& S YEhith USHCM 20109 A2 4
He IHuTFE uHstA ¥ @A 78t
TZE Tt deetA AAHE Aol AT
TEEYUTRY ¢ & MAPES YEL o] #
& FF oz 7HH3 CORSIM 4% FET =27] o
ol Ul AEzwaz B AgsiA gt &
SE

Vinarearr(rr) > Venarearn de facto LT(RT) lane

other case: sharedlane

(10)

4714,
VeharedLT(HT) . %%i]—iiﬂ }’]'(_ol‘)ﬂ@ﬂ%%k
Virarearn © S €AES] AW0FF

A2 AEFS EUWE FEARY HA uF

(Z 16) A2k & ot Mo{X|A| °]
(Table 16) Comparison of
Control Delay

(ebgl -

=/th)

(unit : s/veh)

Filed Volume Left-turn| Thru. [Right-turn|Approach
Method from KHCM 26.1 26.1
Using Turning Ratio 273 | 263 | 271

4
% g2 ol gd Wy 2ol 2 Aolvh A B,
o7 @ Ao REFL WEoR BAF Aol
7 W) thepd Ao g ol gate] F7b A
o] oty BeET
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3) 7|E XAMEZ 2F LYo JXMUSE SteA[E SBA JF|AE FEAETY TS I
MEst= dit 1 Ay B AFdA A2 E77F BEEHA
A WA oot sAmEe] AdRFLzRT A BT AT Avel e 10, 139 AXH ¢34

2 A% BUAREOR Agse wyelnt sjg  LETE 2HT Yol A4 aFLE 10

FEo] o He AL AAHNoZ TLI AR 14 F7HA 71 B Ade <E 13>9 20

28 A7 A% o] 3/ Ee] WE| FET

(E17) z=|d ueztol e A2Z =7 (Eh2l « T/AD

(Table 17) Lane Group in diverse Left-turn Volume (unit : veh/h)

Lane Group of Lane Group of Lane Group of Lane Group of

LT Shared LT Lane LT Shared LT Lane LT Shared LT Lane LT Shared LT Lane

Vol. Vol. Vol. Vol.

No.10 No.13 No.10 No.13 No.10 No.13 No.10 No.13

1 Shared Shared 26 Shared Shared 51 Shared Shared 76 Shared Shared
2 Shared | Exclusive | 27 Shared Shared 52 Shared Shared 71 Shared Shared
3 | Exclusive | Exclusive | 28 Shared Shared 53 Shared Shared 78 Shared Shared
4 | Exclusive | Exclusive | 29 Shared Shared 54 Shared Shared 79 Shared Shared
5 | Exclusive | Exclusive | 30 Shared Shared 55 Shared Shared 80 Shared Shared
6 | Exclusive | Exclusive | 31 Shared Shared 56 Shared Shared 81 Shared Shared
7 | Exclusive | Exclusive | 32 Shared Shared 57 Shared Shared 82 Shared Shared
8 | Exclusive | Exclusive | 33 Shared Shared 58 Shared Shared 83 Shared Shared
9 | Exclusive | Exclusive | 34 Shared Shared 59 Shared Shared 84 Shared Shared
10 | Exclusive | Exclusive | 35 Shared Shared 60 Shared Shared 85 Shared Shared
11 | Exclusive | Exclusive | 36 Shared Shared 61 Shared Shared 86 Shared Shared
12 | Exclusive | Exclusive | 37 Shared Shared 62 Shared Shared 87 Shared Shared
13 | Exclusive | Exclusive | 38 Shared Shared 63 Shared Shared 88 Shared Shared
14 | Exclusive | Exclusive | 39 Shared Shared 64 Shared Shared 89 Shared Shared
15 | Exclusive | Exclusive | 40 Shared Shared 65 Shared Shared 90 Shared Shared
16 | Exclusive | Exclusive | 41 Shared Shared 66 Shared Shared 91 Shared Shared
17 | Exclusive | Exclusive | 42 Shared Shared 67 Shared Shared 92 Shared Shared
18 | Exclusive | Exclusive | 43 Shared Shared 68 Shared Shared 93 Shared Shared
19 | Exclusive | Exclusive | 44 Shared Shared 69 Shared Shared %4 Shared Shared
20 | Exclusive | Exclusive | 45 Shared Shared 70 Shared Shared 95 Shared Shared
21 | Exclusive | Exclusive | 46 Shared Shared 71 Shared Shared 96 Shared Shared
22 | Exclusive | Exclusive | 47 Shared Shared 72 Shared Shared 97 Shared Shared
23 | Exclusive | Exclusive | 48 Shared Shared 73 Shared Shared 98 Shared Shared
24 Shared Shared 49 Shared Shared 74 Shared Shared 99 Shared Shared
25 Shared Shared 50 Shared Shared 75 Shared Shared 100 Shared Shared

(F 1 BM3dE Malst 29 Zeld LS| ii? HBoE =76t MBAZTLE LELE E9)
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5 AUPe 55 fdnEdl udst G
P ERIEREIECER S ST IR B
AL % 4 Utk seFuTo oI5 25

£ A2FoR BHE AY g BRANAAY
SAmEFel 4t vlwd o FEA H7% 23
A ERAZTOR BRI BT AT ¥ B
AN AAE 428 A <E 1459 2ok AU
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(E18) &
Hstst= whol At2k &
MO K| A | (cHe] - =/oh)
(Table 18) Comparison of Control Delay from
KHCM and Restricted Minimum

-

Left-turn Vol. (s/veh)
Control Delay
No.13 Method from  [Restricted Minimum @)-®)
KHCM(a) Left-turn Vol.(b)

1 26.2 26.2 0.0
2 26.9 26.2 0.7
3 26.9 26.2 0.7
4 26.9 26.2 0.7
5 26.9 26.2 0.7
6 26.9 26.2 0.7
7 26.9 26.2 0.7
8 26.9 26.2 0.7
9 26.9 26.2 0.7
10 26.9 26.2 0.7
11 27.0 26.2 0.8
12 27.0 26.2 0.8
13 27.0 26.2 0.8
14 27.0 26.2 0.8
15 27.0 26.2 0.8

Control Delay
No.13 Method from  |Restricted Minimum @-b)
KHCM(a) Left-turn Vol.(b)
16 27.0 26.2 0.8
17 27.1 26.3 0.8
18 27.1 26.3 0.8
19 27.1 26.3 0.8
20 27.1 26.3 0.8
21 27.1 26.3 0.8
22 27.1 26.3 0.8
23 27.0 26.3 0.7
24 26.3 26.3 0.0

24t B} FEs] 2 500 olatd e w2 4
A #HIH FFARTOE EFRIUH A2 F
Foll ol o F4del AxE 42T + doa
aoE AR o AEF BRF BEA IF
< "AE 88 F7, ARF, AASAAST T
FFes W A2 wAE 2o wEt wsiE
Aoz dFHER ¥F ¢ Ax e I+ 2
LR
VI. 2 2 Al

B dTe 2AYE Azl A5E dR2A
£ B3t 34 9 FHstd &g Js
WAE A2T EF7F 4G HHE B23 Qe
7He A 22 o] Ak AHAE wERS
2 Synchro UYE$ %393 Synchrog]

L=
CORSIM Analysis 575 283 CORSIM Y E$£
Az Wasidoh. AdAFTHA GPS 92U
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CRSUHEY MSUAZ MESXE A2 9t A2 279 MM It
QA R AY S AEst 99 Ave s 4 A AA DI A <E 13>04 B4 A
AL A7lel F7FH O 2 MS Exceld H5A4 S #3) K wFFo] of 4t WA FHAETOE
ot 12709 Alve] e s FA AT EFEH7] WZol 50th olskel A F2A A 2

A5 1F5FH 753 2009 AUEE & 37 FHARTOE EFstE Aotk oA
Mate] A27s RS A% T HnFFo] 10 R AF B dFdA AAGGYE S8
g A-3E SHFdoR He AYLLEY AET of AR JHduFFo] thah A2 Feol= A
B AFolA #F3AuFFe] oF 151 ol 7 A ALIAARTOE BRI 43S 2T
T+ ARH HAEIAAETF R BREE ?’J%O] T o Ags Wit AR dREQ uARE
WA AT Alvge 109 B447 F8H3A z70 o3 EAeln IHduFFe] 2 o o5
AEE ol gt A3 ”53% YeEE vy, ©l 4 SEAETOE EFTA J|EHol WESA &
223012 4HEEH AT F3)A Fe 1ISHE T8 7] ol FF F7HAA A7 Zasit
#H3 A2 E o] &3t iﬂ_% 9] oF 63%%o] 2 dFe FEAIAARE ol &ste FHIA
JANEEFN FFe v s v 4EH HE wFgo] W AL A= st A2 A
HIAARTOE BRI AL A ¥v SHIAAZETFORE BREE AHE 453
Hes W o SHARE #H3 M uFFo] Az wFFNF We

JHPA 7|E EESFAEFEY AZT BFTH e A% H3H FHAEZTOE EFEE 4
gk oo 24 USHCM 20108 AZ2F 27 4H - GA #Ao] asitty AdET B AT oA
& A8al 45 785kt USHCM 20109] 2= AEHOIAE ZEIHSE At AR
T ERE 24 =29 mHsA JHd o) 274 spillback(W A2 Y79 A& T -2 wi&ol
o] ¥7] wjzol ®lwA wedtthe Aol Stk 3 H wFFe] gL Afe EH8A Rkstdd. 3
USHCM 20105 EdZ i}ii +HE AP A ARk o] RFEAAN FId A AFEHE FL
BRE AZT AHE A SELFH P H &5} REoZ Hridr)
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FEFes W] gFo] 47 HEY ARZFOR EF 2353
H AL 3IT £ Aok AZF EF W] &
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